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1. Teoreticka ¢ast

1.1 Uvod

Maligni nadory vychazejici z epitelidlnich tkani jsou nejcastéjsi formou nadorového
onemocnéni v zapadnich zemich. T ptes obrovsky pokrok v 1é¢bé onkologickych onemocnéni
zistava mortalita stale vysokd. Pokrok v 1é¢bé je v soucasnosti obecné nejlépe vidét na poméru
stale rostouci incidence naddorovych nemoci, avSak stagnujici mortalité. Mortalita je stale vice
spojené se vznikem vzdélenych metastaz, které se objevi az béhem protinadorové 1é¢by nebo po
jejim ukonceni, nejsou vsak diagnostikovatelné v Case primarni diagnoézy. Riziko vzniku
metastdz se d& odhadnout pomoci statistickych dat, kterd vychazeji z Gdaji jako je velikost
primarniho  tumoru, postizeni lymfatickych uzlin, gradingu, angioinvaze apod.
Nediagnostikovatelné okultni nadorové bunky ¢i mikrometastazy mohou ptispét k netispéchu
primarni 1é¢by tim, ze lécba je podhodnocena, coz vede ke zhorSeni progndzy pacienta.
V soucasnosti neexistuje standardni metoda s dostate¢nou citlivosti pro detekci mikrometastaz
nebo okultnich naddorovych bun€k. Pokud by existovala, bylo by mozné identifikovat pacienty
S vy$$im rizikem vzniku metastdz, na které by se mohla zaméftit adjuvantni chemoterapie,
urcena primarné k eliminaci zbylych, okultnich nadorovych bunék. A naopak by bylo mozné
identifikovat pacienty s nizkym rizikem, u kterych by bylo mozné se vyhnout podani nakladné a
&asto velmi zat&zujici chemoterapie a"e! etal- 1999 Wang etal. 2006)

Dnes bézné pouzivané zobrazovaci, biochemické, cytogenetické ani imunologické metody
neumoziiuji detekci cirkulujicicich nadorovych bunék a mikrometastaz s poZadovanou
citlivosti. Teprve rozvoj molekularné-biologickych metod =zaloZzenych na principu
polymerazové fetézové reakce (polymerase chain reaction, PCR) umoznil zvysit senzitivitu a

detekovat az 1 nadorovou buiiku mezi 1-10 miliony buiikami nenadorovymi (Bstin éta!. 2000; Pantel et

al. 199 Tyto metody se dnes s asp&chem pouZivaji u hematologickych malignit, kde jsou pro
jednotlivé diagnézy diky dobfe popsanym genetickym zméndm dostupné vysoce specifické
markery (napf. fuzni gen bcer-abl u chronické myeloidni leukemie) nadorovych bunck. U
solidnich tumort se z divodu vysoké miry genetické instability a nddorové heterogenity
dostatecné senzitivni a specifické markery teprve hledaji.

Pfitomnost okultnich nadorovych bunék u solidnich nadorii 1ze vysetfovat ve vzorcich periferni
krve, kostni dieng, v lymfatickém systému nebo napf. v peritonedlni lavadzZi, kde muze
pfitomnost téchto nadorovych bunék piedpoveédét recidivu nemoci, ovlivnit volbu lécebné

modality a predpovédét progndzu pacienta Fane! et al. 1999 Wang etal., 2006)
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Zakladnim principem v detekci minimalni rezidualni choroby (MRD) metodami zaloZzenymi na
principu polymerazové fetézové reakce (PCR) u solidnich nadori je detekce znakt epitelidlnich
nadorovych bunc¢k v kompartmentech mesenchymdalniho ptivodu, tj. v kostni dfeni, krvi a
lymfatickém systému. Kostni dfefl pfedstavuje kompartment, pfes ktery nadorové buniky béhem
procesu hematogenniho metastazovani cestuji a jsou v ném s ohledem na vlastnosti kapilarniho
fecisté prednostné vychytavany a retinovany. Pii konvencnim stagingu solidnich tumort se
kostni dienn bézn€¢ nevysetfuje. Nové molekularni metody vSak nabizi relativné jednoduse
proveditelné vySetfeni aspiratu kostni dfené na pfitomnost MRD. Pfitomnost nadorovych bunék
v krvi je jiz 1éta pfedmétem sport a jeji klinicky vyznam neni stdle upln€ jasny. Pfitomnost
nadorovych bundk vkrvi nemusi nutng vést ke vzniku vzdalenych metastaz. Uspésné
metastazovani zavisi na mnoha proménnych, genotypickymi a fenotypickymi vlastnostmi
nadorovych bunék pocinaje, mikroprostfedim a imunologickou odpovédi organismu konce. Dle
odhadu Liotty a Stetler-Stevensona, jen jedna z 10 000 disseminovanych nadorovych bunék je
schopna vytvofit metastatickou l¢zj (Ho" €@l 1991)

Standardné provadeéné histopatologické vysetfeni spadovych lymfatickych uzlin je nutnym
pfedpokladem pro urceni pokrocilosti nadorového onemocnéni a dualezitym kritériem pro
stanoveni progndzy a hlavné 1é¢by pacienta. Detekce metastatického postizeni v lymfatickych
uzlindch je signifikantnim prognostickym faktorem a Casto sved¢i pro pfitomnost systémového
onemocnéni. AvSak u nemalé Casti pacientd s primarné histopatologicky negativnimi
lymfatickymi uzlinami se po letech rozvine systémové onemocnéni. Napiiklad u 30% pacientek
s karcinomem prsu a s histologicky negativnimi axilarnimi uzlinami se do péti let objevi
vzdalené metastazy. Klasické histopatologické vySetieni nema tedy poZzadovanou citlivost pro
zachyt ¢asnych stadii metastazovani. Zde se otevira prostor pro molekularni analyzy zalozené

na principu PCR.
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1.2 Metody detekce minimalni rezidualni choroby u solidnich nadora
K detekci minimalni rezidualni choroby u solidnich tumori lze pouZit nékolika metodickych

pristupt, které se lisi pfedevs§im svoji senzitivitou, specificitou, nakladnosti i pracnosti.

121  Imunohistochemie

Imunohistochemie (immunohistochemistry, IHC) umoznuje detekci 1 nddorové buiiky mezi 10
000 az 100 000 buiikami nenadorovymi 20eeek 1992) " princinem je reakce monoklonélnich
protilatek se specifickymi antigeny nadorovych bunék a jejich nasledna vizualizace (Obr. 1).
Vysledny obraz je mikroskopicky vyhodnocovan patologem nebo automatizovanymi systémy.
Nevyhodami této metody je omezeny pocet hodnocenych bunék, riziko zk¥izené reakce s jinymi

epitopy a mnohem niz§i citlivost nez maji jiné, v soucasnosti pouzivané metodiky.

Obr. 1 Tlustraéni obrazek k imunohistochemickému vySetieni kostni dfené na
minimalni rezidualni chorobu. Smés jadernych bunék kostni dfené a buné€k nadorové
linie CaLU3 obarvena membranovou protilatkou proti c-erb-B2 antigenu. Podbarveno
hematoxylin-eosinem (se souhlasem Mgr. M. Dziechciarkové, Ph.D., LEM Olomouc).

13



1.2.2  Prutokova cytometrie

Pritokova cytometrie (Flow Cytometry, FC) umoziuje stanovit mnozstvi povrchovych i
intracelularnich antigent pomoci monoklonalnich protilatek konjugovanych s fluorescenénim
barvivem. Nejcastéj§imi cilovymi antigeny pro detekci MRD jsou cytoskeletéIni proteiny a
cytokeratiny ™ et & 2009 v/ oniologické diagnostice je Gasto vyuZivanou aplikaci stanoveni
ploidity nadorti a proliferacniho indexu. Principem prutokové cytometrie je métfeni proudu
bunék prochazejicich méfici komorou, kde dochazi k excitaci navazanych fluorochromt
(fluorescencni barvivo) po ozafeni laserem. Emitované zafeni je poté detekovano fotonasobici a
vysledny signal je zpracovan pocitacové. Vyhodou je schopnost kvantitativné vySetfit velké
mnozstvi bunék (fadové v milionech) v relativné kratkém ¢ase s moznosti viceparametrového
mefeni. Ke zvyseni citlivosti metody lze provést obohaceni vzorku, nejCastéji za pouziti
imunomagnetickych metod (magnetic affinity cell sorting — MACS, magnetické kuli¢ky,
feromagnetické koloidy aj.), ve kterych je na paramagnetickou latku navazana monoklonalni
protilatka napf. proti leukocytim (anti CD 45) nebo proti znakim epitelidlnich bunék
(cytokeratin 7/8, HEA 125) (Martin etal. 199; Naume etal., 1997) 1 506 obohaceni fadové o 10 véak neni
prutokova cytometrie tak citliva jako metody vyuzivajici PCR reakce. Pritokovou cytometrii

Ize detekovat 1 nadorovou buitku mezi fadové 10-100 tisici nenadorovymi buitkami Fe"™ et @l

2002; Tsavellas et al., 2002) i (Ward et al., 1999)

, Jeji hlavni uplatnéni pro detekci MRD je v hematoonkologi

1.2.3  Polymerazova ietézova reakce

(Polymerase Chain Reaction, PCR) je metoda umoziujici detekci vybrané sekvence DNA
pomoci jeji amplifikace za pouziti sekvenéné specifickych oligonukleotidii (primerit) a DNA
polymerazy. Princip PCR je zaloZen na opakujicich se cyklech, kdy kazdy cyklus je slozen ze
dvou az tii po sob¢ nasledujicich kroki: dvoufetézcova DNA je tepelné denaturovédna za vzniku
jednofetézcové DNA, poté primery hybridizuji (nasedaji) na hledanou sekvenci DNA a

v poslednim kroku se syntetizuji komplementarni vlakna (®'effenbach. 1995)

. Vzniklé produkty-
amplikony jsou standardné detekovany elektroforeticky. Pro detekci MRD PCR metodou na
urovni nadorové DNA je tfeba najit vhodny marker. Mezi nejcastéji detekované zmény DNA
patii mutace protoonkogent ¢i nadorovych supresorovych geni, specifické fizni geny vzniklé
chromozomalnim pfeskupenim, nestabilita mikrosateliti a specifické sekvence onkogennich

(Maguire et al., 2000) 'prohlémem ziistava nadorové heterogenita, omezeny podet genovych kopii

virt
ve vzorku a geneticka nestabilita solidnich nadort a z ni vyplyvajici nizka senzitivita metody.

Naopak vyhodami jsou moznosti detekce uvedenych genetickych zmén jiz u dysplastickych
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lézi, v archivnich materidlech a moznost zachytu cirkulujici DNA v plasmé a nikoliv v zivych

nadorovych buiikach Ringetal. 2004)

1.2.4 Real-time RT-PCR

Detekce minimalni rezidualni choroby s vyuzitim RT - PCR metody je v podstaté studiem
genové exprese. Cilem je detekovat hledany znak nadorovych epitelidlnich bunék na trovni
RNA sekvence (informaéni RNA — mRNA). Ktomu uéelu je nejprve pomoci reverzni
transkriptazy izolovana RNA pfepsana do komplementarni DNA (cDNA), ktera je pak pouzita
jako templat pro PCR reakci (Bt & & 2000 Nejzastsji pouzivanymi cilovymi sekvencemi pro
detekci MRD metodou real-time RT-PCR u solidnich tumorii jsou cytokeratiny,
karcinoebryonalni antigen, mamaglobin, mucin aj. (viz nize). Vyhodou tohoto pfistupu je nizka
stabilita RNA po uvolnéni z buiiky a vétSinou tedy detekce zivych bun¢k. Kvantitativni RT -
PCR v realném ¢ase (real-time RT-PCR) je metoda umoziiujici ptesnou a absolutni kvantifikaci
hledané cDNA sekvence ve vzorku. Vyuziva se zde nékolika moznosti detekce nartstajiciho
mnozstvi amplikont béhem reakce. VSechny jsou zalozeny na narustu fluorescence.
Principialné nejjednodussi je metoda vyuzivajici fluorescencnich barviv, kterd se interkaluji
mezi baze DNA (napf. Sybr Green), naristajici fluorescence pak odpovidd vzrlstajicimu
mnozstvi amplikoni ve vzorku A™@ # a) v gougasnosti je asi nejvice rozsifenia metoda
vyuzZivajici 5-exonukledzové aktivity DNA polymerazy. Klicovym je zde pouZiti
oligonukleotidu — proby (nejéastéji TagMan sonda), ktera se specificky vaZe na sekvenci mezi
obéma primery. Sonda je na jednom konci oznacena fluorescenéni latkou a na druhém konci
zhaSeCem fluorochromu. Pfi syntéze komplementarnich vlaken provede DNA polymeraza
hydrolytické s§tépeni TagMan sondy, ¢imz dojde k uvolnéni fluorescenéni latky a k nartistu
fluorescence, které je detekovéna a zaznamenéna v realném &ase " %2 Tato metoda nabizi

moznost detekovat jednu nadorovou buiiku aZ mezi 10 miliony nenadorovych bungk M etak

2000; Lambrechts et al., 1999; Slade et al. 1999) - Gegtrojenim standardizadnich kiivek lze presnd a absolutné

kvantifikovat mnozstvi hledané cDNA sekvence vybraného markeru ve vzorku.
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1.3 Markery nadorovych bunék pro detekci minimalni rezidualni choroby
Pro detekci minimalni rezidualni choroby u pacientd s nadory epitelialniho ptivodu metodou
RT-PCR lze pouzit n¢kolika epitelidlnich markerti, které se mezi sebou lisi zejména svou

senzitivitiou a specificitou.

1.3.1  Mamaglobin 1

je vysoce glykosylovany protein o nizké molekularni hmotnosti (10,5kDa). Gen byl poprvé
identifikovan v roce 1996 a kéduje protein 0 93 aminokyselinach (Watson etal. 199) ‘Njamaglobin 1
(MGB1, SCGB2A2) patii spolu s proteinem Klara bunék do rodiny sekretoglobint, avsak jeho

biologické funkce ziistava zatim nezniama. Gen je lokalizovan na chromozému 11q13 (Zenenner &

al. 2009 7 diivodu vysoké heterogenity genové exprese nadord prsu neni exprese mamaglobinu u
vSech nadort prsu stejnd. Exprese mamaglobinu byla detekovana asi u 80% vSech nadort prsu.
U 23% nadort prsu je jeho exprese mnohonasobné vyssi, nebyla u nich vSak nalezena zadna

genova amplifikace ani pfeskupeni, jedna se tedy o overexpresi na transkripéni Grovni (Watson etal.

199 Dale bylo zjisténo, Ze zvysena exprese mamaglobinu u nadoru prsu je spojena s Nizsi
agresivitou tumory (MNinez-Villar et al, 2009 "\ famaglobin je exprimovan téméF vyhradn v epitelu
prsni tkang, byly ale publikovany prace, ve kterych byla popsana detekce exprese mamaglobinu
v benignich i malignich tkanich ovaria a endometria, av§ak v mnohonasobné niz§i hladinach
nez ve tkani prsu (rinewald etal. 20000 ‘Bya nopsana exprese mamaglobinu také v potnich Zlazach
(Sjodin et -al. 2003 * Namaglobin neni exprimovén v buitkich mezenchymélniho pavodu, coz
znamend, Ze v kostni dfeni, krvi a lymfatickém systému neni exprese mamaglobinu u zdravého
jedince detekovatelna. Diky téméf vylucné expresi u nadort prsu, je mamaglobin jako antigen
zajimavy i z pohledu specifické imunoterapie ("¢t 2! 2003) ‘namaglobin je nejvice specificky
a senzitivni marker pro detekci MRD u pacientek s karcinomem prsu, ktery byl k dneSnimu datu
popsan. Od roku 2000 byl mamaglobin pouzit ve vice nez 30 studiich zabyvajicich se

karcinomem prsu a detekci MRD (Corradini et al., 2001; Grinewald et al., 2000; Marchetti et al., 2001; Silva et al., 2001; Lin et

al., 2003; Han et al., 2003; Bossolasco et al., 2002; Ignatiadis et al., 2008, lakovlev et al., 2008)

1.3.2  Cytokeratiny

tvoii nejveétsi podskupinu proteind intermedialnich filament cytoskeletu epitelidlnich bunék.
Tyto proteiny jsou koédovany velkou multigenni rodinou ¢itajici pfes 50 ¢lenu, ktera se déli do
dvou velkych skupin —typ I a typ Il. Geny typu | jsou lokalizovany na chromozému 17q12 - 21
a geny typu Il na chromozdmu 12q13. Primérni funkci cytokeratind je chranit epitelidlni buriky

pfed mechanickym posSkozenim. Dale cytokeratiny hraji roli v oblasti buné¢éné signalizace a
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apoptozy (Coutombe et al., 2002) - oyiokeratiny jsou exprimovany v epitelidlnich buiikach v riiznych
kombinacich a to v zavislosti na typu a stupni diferenciace epitelu, napt. cytokeratiny 8, 18, 19
a 20 jsou exprimovany v jednovrstevném dlazdicovém epitelu M ¢ & 1982) prednokladalo se,
Ze cytokeratiny tvofici skelet epitelialnich bunék, nejsou za normdlnich okolnosti exprimovany

1997

v lymfatickém ani v hematopoetickém systému (Schoenfeld et al. 1997 5 hyly proto pouzity jako

markery MRD v mnoha studiich. Napiiklad cytokeratin 19 byl pouzit jako marker MRD u

karcinomu pI'SU (Schoenfeld et al., 1997; Smith et al., 2000; Manzotti et al., 2001; Berois et al., 2000; Fehm et al., 2009, Daskalaki et al.,

2009 (Lassmannn et

) a u kolorektalniho karcinomu Wenoeta- 200D evtokeratin 20 u karcinomu kolorekta

al., 2002; Vlems et al., 2002; Kruger et al., 2001; Miyake et al., 2001; Wong et al., 2009; Shen et al., 2008 Silva et al., 2001) a

) prsu ¢

urotelialniho karcinomu (neve et al. 2001)

V poslednich letech se diky rozvoji citlivosti
pouzivanych metod objevuji studie, v nichZ je prokazovana exprese cytokeratinl nejenom
v bunkach epitelidlniho ptvodu, ale i v mononuklearech periferni krve a v kostni dfeni
zdravych jedinct, coz miize byt zplisobeno ilegitimni transkripci nebo pfitomnosti pseudogent
(Vlems et al., 2002; Champelovier et al., 1999; Kao et al., 2002; Takano et al., 2000)' Reéenim t&chto problémﬁ mize byt

zavedeni absolutni kvantifikace genové exprese pomoci real-time RT-PCR metody a stanoveni

fyziologické hodnoty exprese konkrétniho genu v konkrétnim kompartmentu.

1.3.3  Karcinoembryonalni antigen

je glykoprotein o molekularni hmotnosti 180 — 200 kDa. Tento protein patii do velké CEA
rodiny, blizké imunoglobulintim, &itajici 29 gend a pseudogent. VSechny geny z této rodiny
jsou lokalizovany na dlouhém raménku chromozéomu 19. CEA rodinu lze rozdélit do tii
podskupin; vlastni podskupina CEA, podskupina tehotensky-specifickych glykoproteint
(pregnancy specific glycoprotein, PSG) a podskupina pseudogeng (“mmermann et al. 1988)
Karcinoembryondlni antigen je vazebny protein bunééného povrchu a jako nadorovy antigen je
zvySen¢ exprimovan u vice nez 95% nadorl gastrointestindlniho traktu, ptfiblizné u 70%
nemalobun&énych karcinomt plic a u 50% nadord prsu A% et al. 2009 “Eyprese CEA je
pfitomna také v nékterych fetalnich tkanich a u dospélého ¢lovéka se vyskytuje v normalni
tkani tlustého stfeva, v epitelialnich bunkach prostaty a nizkou expresi lze detekovat i
v leukocytech. Castym vysetfenim v onkologii je stanoveni plazmatické hladiny CEA. Hladina
CEA v séru dobie koreluje s 1é¢ebnou odpovedi a dokaze odhalit ¢asnou rekurenci onemocnéni,
aviak neni povazovana za vhodny marker pro screening nadorii kolorekta (MacDonald et al. 1999)
Mnoho studii zalozenych na metodach PCR pouzilo CEA jako marker pti detekci minimalni

rezidualni choroby u karcinomu prsu (Marchetti et al., 2001; Mitas et al., 2001; Lin et al., 2003; Manzotti et al., 2001; Berois et

al., 2000) a kolorekta (Taniguchi et al., 2000; Wong et al., 2001; Ito et al., 2002; Sadahiro et al., 2001)’ dale u nadort biliarniho
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trakty (©Okami etal. 2000) 5 a1y (Kubot etal. 2009) Njjomeng nekteré studie dale prokazaly moznost

indukce exprese CEA v hematopoetické tkani stimula¢nimi faktory (G-CSF) (Goemine et al. 1999)

(Aquino et al., 2004)

cytokiny, steroidy nebo léky

1.3.4  Receptor pro epidermalni ristovy faktor 1

Je transmembréanovy protein s tyrozinkindzovou doménou patiici do HER rodiny, o jejiz ¢leny
je vposlednich letech v souvislosti s biologickou 1é&bou projevovan mohutny zajem
védeckovyzkumych, farmaceutickych a klinickych tymu. Tento receptor Ize mimo jiné pouzit i
jako marker nadorovych bunék pfi vySetfovani MRD. EGFR1 je zvySené exprimovan az u 70%
nadort prsu, plic, stfeva, gliomd, orofacidlnich naddort a obvykle neni exprimovan v buiikach
hematopoetickych (Pe-uca et al. 2000 yyeace specifickym, aviak méné senzitivnim markerem, se

zda byt mutovana, zkracena verze EGFRUVIII.

1.3.5 Transkrip¢ni faktor stitné Zlazy 1

Gen byl poprvé identifikovan v roce 1995, nachazi se na dlouhém raménku chromozomu
14q13, sklada se ze dvou exonit a ma délku 3,3kb. Je ¢lenem rodiny NKx2 transkripénich
faktori a je specificky exprimovan ve S§titné zldze, plicich, mezimozku. TTF1 aktivuje
transkripci thyreoglobulinu a thyreoperoxidazy u karcinomu §titné zlazy a transkripci surfaktant
proteinu B v plicich, dale ovliviiuje vyvoj bazalnich ganglii. Vrozena delece genu TTF1 se
mize projevit u novorozenct hypothyreoidismem, respiracnim selhanim a dyskinezi.
V onkologické diagnostice lze pouzit TTF1 pii detekci minimalni rezidualni choroby, pfi

diferencialni diagnostice tumort plic a jako prognosticky faktor u pacientii s karcinomem plic.

1.3.6  Adhezni molekula epitelialnich bunék

Ekvivalentimi nazvy pro EpCAM jsou epitelidlni glykoprotein EGP, KSA, GA733-2. V
soucasnosti pouzivany nazev je tumor-associated calcium signal transducer TACSTD1, coZ
odrazi jednu z mnoha funkci tohoto membranového proteinu kodovaného genem o deviti
exonech. Tento protein je exprimovan na povrchu vétsiny epitelidlnich bunék, z ¢ehoZ vyplyva
moznost pouzit tento gen jako obecny marker nadorovych bun¢k pro detekci MRD u vétSiny
karcinomii. Protein také slouzi jako antigen pfi imunomagnetickém obohacovani vzorku (viz

vyse).

O vy$e zminénych nadorovych markerech byla v souvislosti s detekci MRD napséana fada praci
s ne vzdy jednotnymi vysledky. Hlavnim problémem ziistava otdzka kvantifikace a specificity

jednotlivych markeri. Nékteré z nich se exprimuji nejen v nadorovych buiikach, ale naptiklad i
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Vv leukocytech (napi. CEA, mucin). Dochézi k tzv. ilegitimni transkripci. Tento problém miize
vyiesit kvantitativni real-time RT-PCR, kdy lze na zékladé vySetfeni souboru zdravych jedincti

stanovit limit mezi normou a patologii.

1.4 Minimalni rezidualni choroba v klinické onkologii

Terminem minimalni rezidualni choroba u nemocnych se solidnimi tumory se oznacuje
pfitomnost nadorovych bunék v téle pacienta, u néhoz byla provedena radikalni 1écba
primarniho tumoru a v soudasnosti je bez klinickych zndmek onemocnéni. ldentifikace
minimalni rezidualni choroby je jednou z moznych klinickych aplikaci metody real-time RT-
PCR, jakozto metody nejvice senzitivni a specifické. Touto metodou Ize kvantitativné
stanovovat genovou expresi markert epitelidlnich tumort v Krvi, kostni dfeni a v lymfatickém
systému. Lze tak nepiimo prokazat pritomnost nadorovych bungk s citlivosti az 107
Soucasnymi vySetfovacimi metodami nejsme schopni odlisit onkologicky nemocné pacienty
vylécené chirurgickym zakrokem nebo radioterapii, ktefi jiz nepotiebuji adjuvantni 1éc¢bu, od
pacientl s vy$§im rizikem rekurence onemocnéni. Nové molekularné-biologické metody, real-
time RT-PCR obzvlasté, nam v rozhodovani o podani adjuvantni 1é¢by mohou vyrazné pomoci.
Vysetfenim vzorkd kostni diené, krve a lymfatického systému na pfitomnost minimalni
rezidualni choroby lze rozdélit pacienty na dvé skupiny. Na skupinu pacienttr s vy$Sim rizikem
recidivy (pozitivni z&chyt MRD), na které by se mohla specificky a individudlné zaméfit
adjuvantni terapie a na druhou skupinu pacientt s nizkym rizikem (negativni detekce MRD), u
kterych bychom se mohli vyhnout podani zbytecné a pro pacienta zatézujici adjuvantni 1écby

(Ring et al., 2004)

Adjuvantni terapie slouzi primarné k eliminaci okultnich diseminovanych nadorovych bunék,
avSak jeji uCinnost nelze soucasnymi metodami piimo zjistit a hodnotime ji nepiimo
prostiednictvim parametrd pfeziti. Metoda real-time RT-PCR umoziiuje diky absolutni
kvantifikaci genové exprese vybranych markerti u onkologicky nemocného pacienta rozliSit
zmény v poctu nadorovych bun€k v periferni krvi a kostni dfeni. Je-li provedena série odbérti
v riznych casovych intervalech, lze zpoklesu ¢i vzestupu exprese sledovaného markeru,
pfenesené i z poctu nadorovych bun€k, odhadovat a monitorovat 1é¢ebnou odpovéd a
individualné rozhodovat o dal$im zptisobu nebo zméné 1é¢by. Vyvstava zde také moznost
¢asného zachytu recidivy nadorového onemocnéni a to diive, nez se rozvine makroskopicke,
klinicky zjevné onemocnéni se zasadnim dopadem na prognézu a 1ébu pacienta. Vysokou

senzitivitu metody lze také GspésSné vyuzit pii detekci kontaminace $t€pu nadorovymi bunikami
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pfi transplantaci autologni kostni dfené¢ ¢i perifernich kmenovych bunék po vysokodavkované
chemoterapii, napf. u karcinomu prsu (¢omadini etal., 2001)

Pies pokroky v moznostech detekce MRD neni klinicky vyznam pfitomnosti malého mnozstvi
nadorovych bunék v krvi, kostni dfeni a v lymfatickém systému zcela objasnén. Vysledky
mnoha provedenych studii (pln€ neobjasiiuji prognosticky vyznam minimalni rezidualni
choroby jako nezavislého faktoru. Divoda je nekolik, podili se na tom hlavné nejednotnost
pouZitych metodik a absence velkych studii porovnavajicich pfitomnost MRD s klinickym

stavem pacienta.

1.4.1  Minimalni rezidualni choroba u pacienti s kolorektalnim karcinomem
Kolorektalni karcinom (KRK) je nejcastéjSim malignim nadorem =zazivaciho traktu a
celosvétové patii mezi nejcastéjsi malignity vibec. Vyskyt tohoto onemocnéni se v nasi
populaci od roku 1960 trvale zvysuje, pii¢emz v soudasnosti se CR zafadila na prvni misto ve
svétovych statistikach. Z toho vyplyva vysoky zdravotni, spolecensky i ekonomicky vyznam
tohoto onemocnéni. Nadory tlustého stfeva predstavuji zhruba 8% a nadory konecniku vice jak
7% nadorovych Gmrtf ¢WW-sved.ca),

Vznik kolorektalniho karcinomu je mnohaetapovy proces s vrozenymi i ziskanymi zménami
genetické vybavy. V disledku téchto zmén dochdzi k porucham bunééného cyklu,
nekontrolovatelné bunécné proliferaci, porucham ptirozeného zaniku bunék (apoptozy) a
vzniku nadoru. V piipadé€, Ze nador za¢ne proristat do stény tlustého stfeva a krevnich a
lymfatickych cév, je oteviena cesta ke vzniku vzdalenych metastadz. Onemocnéni se vzdalenymi
metastazami, které postihuji nejcastéji jatra, je pak lécitelné jen velmi obtizné.

Chirurgické metody jsou suverénnim postupem v 1é¢bé asnych stadii a zdkladem onkologické
terapie u pokrocilych onemocnéni. Soucasné jsou zakladem pro urceni kvalitativni histologické
diagndzy, coz je spolu sdalSimi metodami podkladem pro stanoveni pTNM Klasifikace.
Vyslednd pTNM Kklasifikace je v soucasnosti zasadni pro uréeni rozsahu 1é€by a stanoveni
progndzy. Velky vyznam ma u kolorektalniho karcinomu zejména vysetfeni dostatecného poctu
lymfatickych uzlin. Pacienti vI. a Il. klinickém stadiu kolorektalniho karcinomu jsou
povazovani za vylécené jiz chirurgickym vykonem a chemoterapie neni u nich vétSinou
indikovana. Naopak pacienti Ill. klinického stddia maji prospéch zpodani adjuvantni
chemoterapie, ktera zlep3uje jejich parametry preziti. Ukazuje se ale, Ze az u 30-50% procent
pacientti nizkych Klinickych stadii dojde po radikalni chirurgické 1é¢bé k rozvoji vzdalenych
metastaz (<une et @l 1990 Bohmetal, 19939) jeqnim z ditvodd vzniku recidivy onemocnéni je pocatecni

Lunderstaging (podhodnoceni stadia onemocnéni) a nasledny ,,undertreatment (nedostate¢na

20



1é¢ba) pacienta. Understaging je ¢asto zptisoben malym podétem vySettenych lymfatickych uzlin
(Mitchell et al., 2009) aneho pritomnosti mikometastaz a cirkulujicich nadorovych bungk (circulating
tumor cells, CTC), které jsou klasickymi staZzovacimi postupy nepostihnutelné. Ty jsou

povazovany za prekursory metastéz a zodpovidaji za rozvoj recidivy onemocnénj (Tsavellas et al.

200Dy posledni dob& se objevuji prace, které se vedle tradiéniho "stagingu" (rutinni
zobrazovaci a mikroskopické metody) zabyvaji tzv. "ultrastagingem". Je tim minéna detekce
MRD a mikrometastdz, které nejsou béznymi metodami zjistitelné. Metodicky se jedna
ponejvice o prace zaloZzené na RT-PCR detekei exprese specifickych markert jako jsou CEA,
CK20, EGFR, hTERT aj. (viz vyse). O prognostickém vyznamu piitomnosti MRD u pacientd
s kolorektalnim karcinomem toho vSak nebylo publikovano mnoho. Uen a spol. publikoval

v poslednich letech préce, prokazujici prognosticky vyznam CTC v perifeni kryi (Ve etal. 2007: Uen

et al. 2008) 73 pouziti membranovych arrays s markery CK19, CK20, CEA a hTERT prokézal
pfitomnost CTC v pooperacni periférni krvi u 27,3% pacientl ze souboru 194 pacientd II.
klinického stadia kolorektalniho karcinomu a pii medidnu sledovani 40 mésict prokazal
statisticky vyznamné krat$i pfeziti u pacientll s pfitomnosti exprese vSech Ctyf pouzitich
markertt (p<0,001). Dalsi jeho studie jiz citala 438 pacientd klinického stadia L.-I1l.
kolorektalniho karcinomu a zabyvala se pFitomnosti CTC ve vzorku periferni krve jeden den
pfed a jeden tyden po radikalni operaci. Autofi prokézali silnou korelaci mezi pfitomnosti CTC
Vv pooperacnim vzorku krve a horSim obdobim bez zndmek onemocnéni (disease free survival,
DFS).

V préaci Allen-Mershe a spol. (2007) byla metodou RT-PCR za pouziti CEA a CK20 sledovana
ptitomnost CTC u 196 pacientl s kolorektalnim karcinomem a jeji vliv na predikci recidivy
nadorového onemocnéni. Pritomnost CTC byla stanovovana v periferni krvi jeden den pied a
jeden den a jeden tyden po operaénim vykonu a byla nalezena statisticky vyznamna korelace
mezi pritomnosti CTC v krvi 24 hodin po operaci a kratSim DFS (p<0,001).

Sadahiro a spol. (2007) prokézal na své studii s200 kurativné operovanymi pacienty
s kolorektélnim karcinomem za pouZiti metody RT-PCR pro CEA vyznamné hor§i DFS a
celkovym pieZitim (overall survival, OS) u pacientl s ptitomnosti CTC v periferni krvi jeden
tyden po operaci (p<0,007, p<0,04).

Nutno podotknout, ze ptes dlouhou dobu, co se védecké tymy po celém svété snazi objasnit
prognosticky vyznam piitomnosti CTC/DTC u pacientii nejenom s kolorektalnim karcinomem,

je dikazl o jejim vyznamu stale poskrovnu.
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1.4.2  Minimalni rezidualni choroba u pacientek s karcinomem prsu

Podobné jako u kolorektdlniho karcinomu, se az u poloviny pfipadi primarn€¢ operabilniho
karcinomu prsu objevi do 5 let od diagndzy vzdalené metastazy. IkdyZz nejsou infiltrovany
axilarni lymfatické uzliny, recidiva se objevi az ve 25% pfipadt. V této skupiné pacientek
relativné nizkého rizika diseminace je tedy zcela nezbytné identifikovat nové prognostické
markery s cilem odlisit pacientky vylécené jiz chirurgickym zadkrokem od nemocnych, kde je
nutna intenzivnéjsi pooperacni lé¢ba. Pravé vhodné zvolenou pooperacni 1écbou by mélo dojit k
eliminaci okultnich nadorovych bunék, a tim ke sniZeni rizika recidivy s prodlouZzenim
celkového preziti e & & 2000 y/yxetieni minimalni rezidudlni choroby by bylo mozné vyuzit
pro monitorovani lécebné odpovédi na adjuvantni 1éCbu, coz dosud neni mozné zadnou
vySetiovaci metodou “enenmer et &l 2008 nfRy |ze v klinické praxi detekovat v kostni dfeni,
periferni krvi a spadovych lymfatickych uzlindch. V posledni dobé je vénovana znacna

pozornost vySetfeni sentinelové mamarni/axilarni lymfatické uzliny (<Uresum et k. 2007; Gimbegues et al.,

2000 Jako nejspolehlivéj§i se z hlediska prognostického vyznamu pro vznik vzdéalenych

metastaz jevi vySetieni kostni dieng By etal 2000)

Mezi nejcastéji pouzivané markery pro detekci MRD metodou RT-PCR u pacientek
s karcinomem prsu patii cytokeratiny (CK), zejména CK19, dale karcinoembryonalni antigen a
mamaglobin (viz vyse).

Co se tyCe prognostického vyznamu MRD u karcinomu prsu, bylo doposud v hlavnich
mezinarodnich odbornych casopisech publikovano 15 velkych studii s celkem 3240
pacientkami vySetfenymi na pfitomnost minimalni rezidualni choroby (stanovené povétSinou

pomoci CK) v kostni dfeni metodikami zaloZenymi na imunohistochemickém principu & @

2001; Gebaver et al, 2001) ~y/¢gledky jsou navzajem obtizné srovnatelné vzhledem k variabilite
pouzitych protilatek, metodik zpracovani vzorku apod. Proto ani neptekvapuje, ze v doposud
jediné metaanalyze e et @-199) kde bylo hodnoceno 2494 pacientek z celkem 20 klinickych
studii, nebyl prognosticky vyznam minimalni rezidualni choroby jako nezavislého
prognostického faktoru prokazan. Nicméné v 7 analyzovanych studiich byl potvrzen vyznamné
kratsi ¢as do vzniku vzdalenych metastdz a v 6 z nich (1906 pacientek) kratsi celkové preziti u
pacientek s rezidualni chorobou. Navic ve 4 publikacich (1507 pacientek) byly tyto vysledky
podpofeny multivariacni analyzou. Tyto studie patfily velikosti souboru a metodikou mezi
nejlépe provedené.

Metodika real-time RT-PCR je v této indikaci nékterymi odborniky zpochybtiovana z hlediska
specificity, kterd zavisi na poctu amplifikacnich cykld a designu primert. Na rozdil od

imunocytochemickych studii existuje jen nékolik malo praci hodnoticich rezidudlni chorobu v
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kostni dieni (k¥ tal- 2009 prognosticka hodnota byla potvrzena pouze v nékterych z nich @9
al. 2009 Otazkou ziistava, zda okultni nadorové buiiky jsou opravdovou znamkou hematogenni
diseminace nebo zda se jedna spiSe o bunky s nizkou proliferacni aktivitou bez schopnosti
dalsiho déleni a Sifeni. Dle nékterych autorti tyto butiky jen ziidka proliferuji v dobé primarni
diagnézy, coZ potvrzuje negativita proliferaéniho markeru Ki-67 ®a"e! et al. 1999 1q mpze
vysvétlovat, pro¢ v soucasnosti pouzivané cytostatické adjuvantni rezimy jsou nékdy netcinné

v eliminaci okultnich nadorovych bungk.
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2.  Experimentalni ¢ast

2.1 Cile préace

Pouziti kvantitativni RT-PCR pro detekci MRD neni rutinni ani standardizovanou metodou.
Z divodu vysoké senzitivity metody na veSkeré okolni vlivy je nutno tuto metodiku
optimalizovat na konkrétni projekt, véetné navrhu specifickych primerti a volby izola¢nich
technik. Metodickym cilem této prace bylo navrhnout, zoptimalizovat a provést validaci metody
kvantitativni RT-PCR pro detekci MRD u nej¢astéjSich solidnich nadori, za pouziti panelu
nadorové specifickych markerti (kapitola 2.3.1). Cilem bylo identifikovat dostatecn¢ senzitivni
a specifické markery nadorovych bunék pro detekci MRD u solidnich tumort. A to jak validaci
jiz publikovanych markert, tak identifikaci novych marker napt. metodami DNA mircoarray
(kapitola 2.3.2). Ovéfeni specificity vybranych markerti na retrospektivnim souboru tumort
rizného histogenetického puivodu, sestaveni nadorové specifickych paneli markerd a
prospektivni diagnostika metastaz a vypotkl neznamého pivodu bylo dalsim cilem ptedkladané
prace (kapitola 2.3.3).

Hlavnim cilem piedkladané prace bylo zhodnotit klinicky vyznam vySetieni MRD, a to zejména
na prospektivnich skupinach pacientd s karcinomem prsu as kolorektalnim karcinomem
(kapitola 2.3.4). Cilem bylo posoudit u skupiny pacientd s &asnymi stadii nadorového
onemocnéni vliv minimalni rezidualni choroby na dobu do recidivy onemocnéni, dobu do
vzniku vzdalenych metastaz a celkové preziti, dale porovnat korelace s ostatnimi
prognostickymi faktory (velikost nadoru, postizeni uzlin, grading, histologie atd.).

Poslednim cilem prace bylo vyuZit metodiku kvantitativni RT-PCR pro objasnéni mechanismi
udinku novych latek s potencionalnim protinadorovym Géinkem, zejména latek ze skupiny

inhibitort cyklin-dependentnich kinaz (kapitola 2.3.5).
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2.2 Material a metody

221 Material

Vzorky periferni krve a kostni diené byly odebirany v mnoZstvi 10ml, resp. 3ml, do
standardnich zkumavek s EDTA. Z divodu mozné kontaminace vzorku koznimi epiteliemi byla
odebirana aZ druhd porce vzorku nebo byl provadén odbér, napf. u kostni diené, z drobné kozni
incize. Odbéry byly provadény s informovanym souhlasem pacientd, po schvaleni projektu
etickou komisi. Peroperacni odbéry byly provadény v celkové anestezii, kontrolni odbéry kostni
dfen¢ v anestezii lokdlni. Vzorek kostni dfen¢ byl odebiran ve vétSiné€ piipadii ze sterndlni
punkce. Po odbéru a dokonalém promichani vzorku s EDTA byly vzorky krve a dfen¢
neprodlené transportovany do laboratote k dalSimu zpracovani.

Vzorky tkéni se okamzité po odbéru vkladaly do zkumavek obsahujicich 700ul roztoku RNA
Later. V tomto roztoku jsou obsaZeny ribonukledzové inhibitory, tkaf se v roztoku stabilizuje a
je pfi pripravena pro dalsi analyzy RNA, DNA nebo proteint. Takto uloZzeny vzorek je stabilni
pti pokojové teploté; po odbéru vzorku nasledoval transport do laboratofe k dalSimu

zpracovani.

2.2.2  Izolace jadernych bunék osmotickou lyzou

Pro izolaci RNA a nasledné molekularné biologické aplikace je nutné provést odstranéni
erytrocytl ze vzorkll krve a kostni diené. A to zejména kvili pfitomnosti hemu, ktery je
inhibitorem mnoha v molekularni biologii pouzivanych enzymi. Jednim ze zpisobt odstranéni
je osmotickd lyza, kdy méné€ odolné erytrocyty jsou lyzovany a nasledné odmyty, zatimco

jaderné bunky véetné bunék nadorovych jsou uchovany.

Lyza¢ni roztok (10x koncentrovany) - sloZeni: 1,55M NH,CI, 0,1M NH;HCO3, 1ImM EDTA
Promyvaci roztok (Phosphate Buffer Saline, PBS) (10x koncentrovany) - sloZeni: 1,4M NacCl,
0,03M KCl, 0,2M Na,HPO, .12 H,0, 0,015M KH,PO,

Vzorek krve nebo kostni dfené byl bezprostfedné po doruceni do laboratofe lyzovan na ledu
vychlazenym 1x koncentrovanym lyzacnim roztokem v poméru ke vzorku 4:1 po dobu 15-30
minut do vycefeni lyzatu. Zlyzované vzorky centrifugujeme pti 2200rpm, 20 minut, 4°C, po
odstranéni supernatantu vzorek jesté jednou promyjeme lyzacnim roztokem a zcentrifugujeme.
Nésleduje promyti v promyvacim roztoku, po centrifugaci 2200rpm, 10 minut, 4°C a odstranéni
supernatantu zméfeni koncentrace jadernych bunc¢k na Coulter Counter (Beckman Coulter,

Fullerton, CA, USA ) a rozpln&ni alikvotd po 11x10° bun&k do pripravenych zkumavek.
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K témto alikvotim byl pomalu za soucasného propipetovavani ptiddan Iml TRI reagentu a

vzorek byl zamrazen.

223  lzolace RNA

Pro izolaci celkové RNA jsme se rozhodli pouZivat fenol-chloroformovou metodu, komeréni
chemikalii TRI reagent (MRC, Cincinnati, Ohio, USA), coz je smés guanidinu thiokyanatu a
fenolu. Ke smési TRI reagentu a vzorku se pfida chloroform, béhem centrifugace se smés
rozdeéli do ti fazi. Horni vodna faze obsahuje RNA, interfize DNA a spodni organicka faze
obsahuje proteiny, je tedy mozné soucasné izolovat z jednoho vzorku RNA, DNA i proteiny.
RNA rozpu$téna ve vodné fazi se precipituje izopropanolem, promyje ethanolem a rozpusti ve
vodé. Metoda je vhodna pro izolaci RNA vsech typt o délce 0,1-15kb. Kvalita vyizolované
RNA byla ovéfena pomoci agarézové elektroforézy, nasledné pak bioanalyzérem Agilent 2100
(Agilent Technologies, Santa Clara, CA, USA), koncentrace a CdCistota byla ovéfena
spektrofotometricky pristrojem Nanodrop ND 1000 (Nanodrop, Wilmington, DE, USA). Pti
pouziti 1ml TRI reagentu Ize izolovat RNA z 50-100mg tkané a z 5-11 miliond bunék. Typické
vytézky jsou u tkani v rozsahu 1-10pg RNA/mg tkang, u epitelialnich kultivovanych bunék 8-
15pug RNA/10° bungk, u krve 3pg/1ml krve.

Lze pouzit Cerstvé nebo zamrazené bunécné TRI lyzaty (koncentrace 5-11 miliénti bun€k/1ml
TRI reagentu). Izolace RNA zacina ptfidanim 200ul chloroformu ke vzorku, nasledn€ nechame
vzorek stat 10 minut pfi pokojové teploté, poté centrifugujeme 15 minut pfi 12 0000g, 4°C. Pfi
centrifugaci dojde k oddéleni vrstev - spodni riizova vrstva obsahuje detrit, lipidy a proteiny,
prostiedni mezivrstva je prstenec DNA a horni, vodna ¢irda vrstva obsahuje RNA. Vrchni
vodnou fazi obsahujici RNA pfepitujeme do Cisté zkumavky a provedeme precipitaci RNA
pfidanim 400-500pl1 isopropanolu. Nasledné centrifugujeme 10 minut pfi 12 0000g, 4°C, na dné
zkumavky by méla zGstat bila popt. priihlednd RNA peleta, odstranime opatrné supernatant a
RNA peletu promyjeme 1,5ml 75% ethanolu. Po centrifugaci a odstranéni supernatantu ptidame
k RNA pelet¢ cca 25ul DEPC vody (21-60ul podle velikosti peletky) a obsah nékolikrat
propipetujeme. Rozpusténou RNA dlouhodobé uchovavame pii —70°C az —80°C. Pro izolaci
RNA ztkani (fixovanych napf. v RNA Lateru) je nadmiru dulezitd rychlda a dokonala
homogenizace vzorku. Po vyzkouSeni nékolika metodickych piistupit jsme nalezli postup
vhodny pro naprostou vétsinu aplikaci. Do zkumavky s 1ml TRI reagentu jsou piidany 2 sterilni
sklenéné kulicky o priméru 5Smm a vzorek vySetfované tkané¢ o velikosti cca 3x3x3mm.
Piistrojem Mixer Mill 300 (Retsch, Haan, Némecko) provedeme homogenizaci pii maximalni

rychlosti 30Hz po dobu 3-4 minut. Diky homogenizaci v TRI reagentu nedochazi
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k enzymatické degradaci izolované RNA, zaroveni nedochazi ani k mechanické degradaci pii
zachovalém vysokém vytézku RNA. Po homogenizaci se ke vzorku piid4d chloroform a

postupuje se dle vySe popsaného postupu.

2.2.4  Reverzni transkripce

Stanoveni genové exprese metodou reverzné-transkriptdzové polymerazové fetézové reakce
(RT-PCR) je zalozeno na reverzni transkripci a na nasledné PCR analyze. Pfi reverzni
transkripci dochazi pomoci enzymu reverzni transkriptizy k pfepisu RNA do komplementarni
jednovlaknové DNA (cDNA). Reverzni transkriptdza je pfitomna v retrovirech; nejcastéji
pouZzivané transkriptazy pochazi z Moloneyho viru mysi leukemie (M-MuLV), nebo z viru ptaéi
myeloblastézy (AMV). Pro reverzni transkripci je vhodné pouzivat enzymy bez H RNazové
aktivity. Pfi reverzni transkripci je dale nutno pouzit primery. Lze pouzivat bud’ specifické
mMRNA primery, oligo-dT primery nebo nahodné hexamery. Nejvyssi vytéznost maji nahodné
hexamery, nejvyssi specificitu maji specifické mRNA primery. K ochrané mRNA pfi reverzni
transkripci je vhodné pouzivat inhibitory ribonukleaz, napt. RNAsin (Promega, Madison, WI,
USA).

V ptedkladané praci bylo pouzito RevertAid H Minus M-MuLV Reverse Transcriptase
(Fermentas, Vilnius, Litva) a ndhodnych primert (Promega, Madison, WI, USA).

V celém procesu reverzni transkripce se vyskytuje nekolik kritickych bodl, ovlivitujicich
koneény vysledek — denaturace sekundarnich struktur RNA, navdzani primert, optimalni
funkce reverzni transkriptazy. Dulezitym piedpokladem pro uspésnou reverzni transkripci je
dodrzovani piedepsanych teplotnich kroki a ptesné pipetovani.

Reverzni transkripci provadime ze 3ug vyizolované celkové RNA v reakénim objemu 30pl.
Smés 3ug RNA, 0,3ug hexamertt a doplnénou vodou do objemu 19,5ul inkubujeme
Vv termocykléru s vyhiivanym vickem pti 70°C po dobu 5 minut. Poté vzorek rychle zchladime
na ledu po dobu cca 1 minuty. MasterMix pfipraveny z 6ul 5x RT pufru, 3ul 10mM dNTP a
30U RNAsinu ptiddme ke schlazenému vzorku RNA s hexamery a vodou a ponechdme 5 minut
pti pokojové teploté. Po pridani 150U reverzni transkriptazy inkubujeme vzorek v termocykléru
s vyhfivanym vickem pii 42°C po dobu 60min, poté 10min 70°C. Po inkubaci vzorek

zchladime a uloZime do -20°C do dalSiho zpracovani.

2.25 Real-time RT-PCR
Polymerazova fetézova reakce v realném case (real-time PCR) je enzymaticka reakce, kterd je

umoznéna primery, specifickou fluorescenéné znacenou sondou (Tab. 1) a termostabilni DNA-
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polymeréazou. Pribéh reakce je sniman termocyklérem v realném &ase jako zmény fluorescence,
v naSem projektu se jednalo o real-time cyclery Rotor Gene 2000, resp. 3000 (Corbett Research,
Sydney, Australie). Po ptidani standardt k reakci a vytvoreni standardiza¢ni k¥ivky lze hodnotit
mnozstvi specifické vySetfované sekvence ve vzorku. Ke kazdé polymeraze je dodavan reakéni
pufr o vhodném slozeni. Optimalni koncentrace hofecnatych iontli je optimalizovana pro
kazdou sadu primer(, standardem je dnes jiz pouziti tzv. hot-start DNA-polymerazy, v naSem
ptipadé jsme pouzili Thermo-Start DNA Polymerase (Abgene, Epsom, Velka Britanie).
Primery, ocka, jsou kratké oligonukleotidy (o délce cca 20-25bp), které vymezuji
amplifikovany tGsek DNA, specificka hydrolyzaéni TagMan sonda je kratky oligonukleotid
znaceny fluorescenéni barvou a zhdSeCem. Syntéza primert a sond byla provedena firmou
Generi Biotech, s.r.o. (Hradec Krilové, Ceska republika). Viechny primery a proby jsou
vlastniho ndvrhu. Teplota nasedani primeri byla orienta¢né vypoditana z nukleotidového
slozeni a nasledné experimentalné ovétena pti optimalizaci amplifikacnich cykl.

Samotna PCR je provadéna ze 100ng cDNA, resp. celkové RNA vstupujici do reverzni
transkripce, v reakénim objemu 25ul. Piipravime si MasterMix ze 2,5ul 10x PCR pufru, 0,5yl
10mM dNTP, zoptimalizovaného mnozstvi primert, proby a MgCl,, DEPC vody a 1U Taq
polymeréazy (Tab. 2). Do pfipravenych 0,1ml zkumavek rozpipetujeme 24pl MasterMixu, 1pl
c¢DNA vzorkd, 1pl DEPC vody jako ,,no template® kontrolu, 1pul cDNA pozitivni kontroly a 1pl
specifickych standardi. Zkumavky vlozime do karuselu piistroje, vyvazime, provedeme
automatickou kalibraci sniméni fluorescence pfistroje a spustime piislusny amplifikacni
program (Tab. 2). Po prob&hnuti real-time PCR je provedena samotna analyza.

Ziskané vysledky exprese jednotlivych markerti jsme se rozhodli normalizovat na mnozstvi
vyizolované RNA vstupujici do reverzni transkripce a nikoliv k expresi housekeepingovych
gentl, napt. GAPDH, a to hlavng z diivodu jejich inter- a intraindividuélni variability Bt 2002),

Pro provedeni absolutni kvantifikace exprese jednotlivych markerii metodou real-time RT-PCR
bylo nutno sestrojit standardiza¢ni kiivku. Jako standardy byly pouzity desetindsobné fedéné
PCR amplikony obsahujici v sobé sekvenci testovaného markeru. Vypocéet mnoZstvi kopii byl
proveden na zakladé znamé molekulové hmotnosti (délka amplikonu), spektrofotometricky

urcené koncentrace a Avogadrovy konstanty.

2.2.6  Statistika
Statistické vyhodnoceni naméfenych udaji bylo provedeno pomoci programu Statistica 8 od

firmy StatSoft. Ve vSech testech byla nastavena mezni hladina vyznamnosti o=0,05.
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Shapiro-Wilkovym testem jsme u vysledkli exprese jednotlivych markerti identifikovali
poruseni normality, proto jsme nasledné statistické analyzy provedli neparametricky (Kruskal-
Wallisovou Anovou, Mann-Whitneyovym testem). Zavislosti mezi expresi markerti byly
oveéfrovany testem nulovosti Spearmanova korelacniho koeficientu.

V analyzach pfeziti jsme pouzili Kaplan-Meierovu metodu a Gehandv-Wilcoxoniv test, kde
pocatkem sledovani u kazdého pacienta je vzdy datum operac¢niho vykonu s odbérem vzorkd.

Pfi analyzach kontingenénich tabulek byl pouzit Pearsontiv y-test. T
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2.3 Vysledky

2.3.1 Optimalizace detekce minimalni rezidualni choroby metodou kvantitativni RT-
PCR

2311 Design primert

K navrhu, designu a ovéfeni vhodnosti primerd a prob pro detekci MRD u solidnich tumort

byly pouzity volné pfistupné internetové databaze a servery (PubMed, Primer 3, IDTDNA).

Server PubMed (www.pubmed.com) je nejvyznamnéj$im zdrojem dat a literarnich Gdaji a
zaroven komplexnim pracovnim nastrojem pro molekularni biologii, biotechnologii, biochemii
a medicinu. Jeho soucasti je nékolik databazi, které slouzi nejen k vyhledavani sekvenci a
struktur gend, genomu, proteint, ale také k vyhleddavani literatury a analyze molekularné
biologickych dat (OMIM, PubMed, BLAST).

Primer 3 (http://frodo.wi.mit.edu/) je volné pfistupny software uréeny k designu primert a prob,

nejenom pro real-time PCR reakce. Software umoziiuje libovolné nastaveni pozadovanych
parametr (velikost primertl nebo proby, obsah GC bazi v %, Ty, , velikost produktu atd.) a
automaticky dle zadanych pozadavki navrhuje nejvhodnéjsi sekvence oligonukleotida.

IDTDNA (www.idtdna.com) je server, jehoZz souéasti jsou programy - nastroje pouZivané

k analyze vlastnosti navrzenych primerii a prob, napi. schopnost tvoiit dimery nebo vlasenky.
Lze jej pouzit také k designu primert.

Na serveru PubMed byla vyhleddna mRNA sekvence vybranych markerti pro detekci MRD u
solidnich tumort (Tab. 1) a bylo uréeno intron-exonové rozhrani. Konkrétni geny, markery byly
zvoleny na zékladé publikovanych Gidaji, primery a proby jsou vlastniho designu.

Pro design primerd a prob softwarem Primer3 jsme zvolili nasledujici standardni podminky:
délka amplikonu 100-200bp, délka primert 18-25bp, délka préb 25-30bp, annealingova teplota
primeri 60°C, annealingova teplota prob 70°C, pomér GC 30-70%. NavrZené sekvence

oligonukleotidi byly poté podrobeny ,,blastovani‘ programem BLAST

(www.ncbi.nlm.nih.gov/blast/Blast.cgi) a ovéteny, zda jsou komplementarni pouze k vybranym
genim. Daéle byla provedena analyza tvorby self- a heterodimerti a vlasenek mezi primery a
prébami na serveru www.idtdna.com. Na zaklad¢ vSech analyz byly vybrany vhodné sekvence,

dostate¢né specifické a netvorici dimery ani vlasenky (Tab. 1).
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Tab. 1.

Sekvence pouzitych primerti a sond

Nazev | Sekvence Kod
Mamaglobin 1, secretoglobin (SCGB2A2) NM_002411
MAMs 5' - catgaagttgctgatggtect - 3'
MAMas 5' - ctitgtattcagtcttagacacttgtgg - 3'
MAMp 5' - agcactgctacgcaggctctggct - 3' BHQ1 - HEX
Cytokeratin 19 (CK19) NM_002276
CK 19s 5' - ccgegactacagcecactact - 3'
CK 19as 5' - agagcctgttccgtctcaaa - 3'
CK 19p 5' - ccatccaggacctgegggac - 3' BHQ1 - HEX
Cytokeratin 20 (CK20) NM_019010
CK 20s 5' - cgacttgaacaggaaattgcta - 3'
CK 20as 5' - tgccatccactacttcttge - 3'
CK 20p 5' - accgecegectictggaagga - 3' BHQ1 - HEX
Carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAMS5) NM_004363
CEAs 5' - taagtgttgaccacagcgaccc - 3'
CEAas - gttcccatcaatcagccaagaa - 3'
CEAp 5 atgtcctctatggcccagacgacce - 3' BHQ1 - HEX
Epldermal growth factor receptor 1 (EGFR1} NM_005228
EGFRs 5' - acttcaaaaactgcacctccat - 3'
EGFRas 5' - aatcagcaaaaaccctgtgatt - 3'
EGFRp 5'- acatcctgccggtggcatltagg 3 BHQ1 HEX
Thyr0|d transcription factor 1 (TITF1) NM_003317
TTF1s ' - aggacaccatgaggaacagc - 3'
TTF1as 5' - ccatgccgcteatgttc - 3'
TTF1p 5' - ceegecatctecegeticat - 3' BHQT - HEX _
Tumor-associated calcium signal transducer 1 (TACSTD1) NM_002354
EpCAMs 5' - aaacacaaagcaagagaaaaacct - 3'
EpCAMas ' - aattttggatccagttgataacg - 3'
EpCAMp 5' - ttgcggactgcacttcagaagga - 3' BHQ1 - HEX
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) NM_002046
GAPDHs - gaagatggtgatgggatttc - 3'
GAPDHas 5' - gaaggtgaaggtcggagt - 3'
GAPDHp 5' - caagcttccegttctcagece - 3' BHQ1 - FAM
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2.3.1.2 Optimalizace kvantitativni RT-PCR

Pro kazdy primerovy par a prébu byl optimalizovan teplotni profil s dirazem na annealingovou
teplotu, dale koncentrace hoiciku a koncentrace primert. Cilem optimalizace byla amplifikace
nespecifickych produktd a primer-dimert. P pouZiti optimalizovanych koncentraci a

teplotnich profilti (Tab. 2) dochazi k amplifikaci pouze specifickych produkta (Obr. 2).

Tab. 2 Optimalizované koncentrace oligonukleotidt, sond, hofe¢natych kationtt a

PCR teplotni schémata

Finalni koncentrace
Primer Primer
Marker | sense (nM) |antisense (nM)| Préba (nM) | MgCl, (mM) Teplotni profil Produkt (bp)
CEA 300 600 200 3 95°C/15sec - 65°C/15sec 179
EGFR 400 400 200 3 95°C/15sec - 62°C/15sec 149
MAM 800 400 200 3 95°Cl15sec - 63°C/20sec 131
GAPDH 300 300 200 3 95°C/15sec - 60°C/30sec 226
CK 19 400 400 200 3 95°C/15sec - 61°C/15sec 153
CK 20 400 400 200 3 95°C/15sec - 60°C/15sec 148]
EpCAM 400 400 200 6 95°C/15sec - 59°C/15sec 95
TTFA 400 200 200 3 95°C/15sec - 63°C/15sec 120
2.3.1.3 Specificita
2.3.1.3.1 Negativni kontroly

Pro stanoveni specificnosti vySetifeni minimalni rezidudlni choroby na zikladé stanoveni
exprese specifickych nadorovych markeri-genti byly vySetfeny vzorky krve 58 zdravych
dobrovolnych darct krve a dale vzorky kostni diené od 12 pacientt a lymfatické uzliny od 3
pacientd operovanych pro nezhoubnd nezanétlivd onemocnéni (hernioplastika, polypektomie,
cholecystektomie apod.). Byla provedena real-time RT-PCR reakce dle uvedenych
optimalizovanych podminek (Tab. 2) a vysledky byly statisticky zpracovany. Jako cut-off
hodnota pro hodnoceni pozitivity versus negativity MRD pfi realném vySetieni pacientskych
vzorkll byl pouZit trojnasobek primérné hodnoty exprese markeru v kontrolnim souboru (Tab.
3). U nékterych markert byla tato hodnota nasledné upravena pii statistickych analyzéch
parametra preziti, které umoznily upfesnit piivodni limitni hodnoty. Pfi hodnoceni diagnostické
specifiénosti byla jako fale§né pozitivni vysledek hodnocena exprese vy$si neZ cut-off hodnota.
Vypocet diagnostické specificnosti proveden dle vzorce: sprdvnd negativita / (spravna

negativita + faleSna pozitivita).
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Diagnosticka specifi¢nost je u viech testovanych markerti nad trovni 95% (krom CEA 94,4%)

viz. Tab. 4.
Tab. 3 Kvantitativni exprese epitelidlnich markeri v krvi, kostni dfeni a lymfatickych
uzlinach zdravych jedinct
Exprese v negativnich kontrolach (pocet kopii/ug RNA)
Marker Krev Kostni dieft | Lymf. uzlina
CEA Mean 88.3 155.6 5.0
SD 111.5 124.8 7.1
Cut-off 200.0 350.0 250.0
MAM Mean 20.0 108.3 0.0
SD 84.1 128.9 0.0
Cut-off 200.0 250.0 10.0
EGFR Mean 49.2 15 528.3 216 098.3
SD 127 1 21 960.4 63 025.4
Cut-off 250.0 30 000.0 ND
TTF1 Mean 0.0 ND ND
SD 0.0 ND ND
Cut-off 0.0 ND ND
CK19 Mean 1117.1 241.7 646.7
SD 1029.9 194.0 500.2
Cut-off 3 000.0 500.0 5000.0
CK20 Mean 5 140.1 0.0 0.0
SD 7 342.1 0.0 0.0
Cut-off 5000.0 2 000.0 10.0
EpCAM |Mean 88407.2| 17353625 16 416.7
SD 63 900.7 900 700.9 4213.9
Cut-off 250 000.0 ND 1 000 000.0
Tab. 4 Diagnosticka specificita jednotlivych markeri pro detekci MRD v systémoveé

krvi

Marker Specificita %
CEA 94,4
MAM 100,0

[ EGFR1 98,3
TTF1 100,0

EpCAM 97,7
CK19 98,3
CK 20 96,5
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23132 Genomicka DNA

VSechny primery byly navrzeny tak, aby se zabranilo amplifikaci genomické DNA pfi
eventualni kontaminaci vzorku RNA genomickou DNA (design sexonovym piesahem).
Specifi¢nost sekvenci navrzenych primert byla ovétena prvotné pii designu oligonukloeotida
vefejn¢ dostupnymi databazemi (Blast). Pro ovéfeni specificity amplifikace pouze cDNA
(RNA) a nikoliv gDNA bylo provedeno vySetfeni 29 vzorkli gDNA od pacientl se zhoubnym
tumorem. Byla provedena real-time PCR dle uvedenych schémat (Tab. 2).

Vsechny fluorescen¢ni kiivky za pouziti CEA, TTF1, CK 19, CK 20 a MAM zistaly zcela
vodorovné, bez detekce jakéhokoliv signalu piitomnosti vznikajiciho specifického produktu.
V piipadé EGFR se po 40. cyklu jedenkrat objevil zanedbatelny nespecificky signal radove
V jednotkach kopii genti. V piipadé EpCAM byl zachycen ojedinély slaby signal u jednoho z 58
vySetiteni. U GAPDH je vsak pfitomna ve vysoké mife amplifikace specifického produktu,
avsak stale o 3-4 tady niz8i nez v pfipadé RNA, coz nebrani pouziti GAPDH jako orienta¢niho

housekeepingového genu.

2.3.1.3.3 Amplifikace specifickych produkta

Pro ovéfeni amplifikace specifického produktu byla provedena po probéhlé real-time RT-PCR
(50 cykla s markery a sondami dle uvedenych schémat, viz. Tab. 2) gelova elektroforéza
piistrojem Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, USA ) s detekci
specifického produktu o definované velikosti. Dale byla analyzovana event. produkce
nezadoucich primer-dimerti. Dle Primer 3 softwaru uZzitého p¥i navrhovani primerd a préb by
mély mit specifické amplikony nasledujici délku: CEA 179bp, MAM 131bp, EGFR 149bp,
EpCAM 95bp, GAPDH 226bp, TTF1 100bp, CK19 153bp a CK20 148bp.

VSechny pouZivané primerové pary s probou amplifikuji produkt o pfedem definované délce a
krom CK 20 netvoii zadné primer-dimery. U CK 20 doch&zi v zavislosti na miie exprese CK 20
v daném vzorku k ob&asné tvorb& malého, prakticky zanedbatelného, mnoZstvi primer-dimert

(Obr. 2).
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Obr. 2 Virtualni polyakrylamidova elektroforéza (Agilent 2100 Bioanalyzer, Agilent

Technologies, Santa Clara, USA)

2.3.14 Senzitivita — dilu¢ni Fady

Z povahy vysetieni MRD a z biologické povahy a proménlivosti vzorki nelze stanovit spravnou
¢i faleSnou pozitivitu. Pro projekt detekce disseminovanych nadorovych bun€k v téle pacientt
se zhoubnym tumorem na zakladé exprese tumor-specifickych markerd v krvi bylo provedeno
testovani senzitivity metodiky na zakladé dilu¢nich fad. Nadorové butiky ziskané z realnych
vzorktl nativnich tumort byly pfidany do vzorku jadernych buné¢k krve ziskanych od zdravych
dobrovolnikl v poméru 1:1 az 1: 10 000 000. Nasledné byla provedena real-time RT-PCR o0 50
cyklech s markery a sondami dle uvedenych schémat (Tab. 2).

Citlivost detekce disseminovanych nadorovych bundk dosahovala za pouziti CEA 3,3x107,
EGFR 2,5x 107, EpCAM, CK 19 a CK 20 1x10°®. Za pouZiti MAM bylo dosaZeno citlivosti
2x10°. Exprese TTF1 je nizké i v primarnim tumoru, dilu¢ni experiment v dostateéném rozsahu

nebylo moZno provést (Tab. 5).
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Tab.5 Senzitivita jednotivych markert pro detekci MRD

Marker Senzitivita (pocet nad.
bb./po€et nenad. bb.)
CEA 3,3x107
MAM 2x10°°
EGFR1 2,5x 10”7
TTF1 nestanoveno
EpCAM 1x10°®
CK 19 1x10°
CK 20 1x10°
2.3.15 Opakovatelnost a reprodukovatelnost

Pro testovani opakovatelnosti a reprodukovatelnosti vySetfeni byla provedena real-time RT-

PCR reakce stanovujici expresi CEA (Tab. 2). Pro ovéfeni opakovatelnosti byly vzajemné

porovnany vysledky exprese CEA v jedné sérii — v jednom dni, jednim pracovnikem, 5x1

vzorek ve tfech koncentracich na okrajich a ve stfedu detekéniho rozmezi, pro testovani

reprodukovatelnosti bylo provedeno totéZ v riiznych dnech a riznymi pracovniky.

Vysledky testovani opakovatelnosti a reprodukovatelnosti byly statisticky zpracovany a

nejistota méfeni byla vyjadfena smérodatnou odchylkou. Po statistickém zhodnoceni vysledkt

nebyly mezi testovanymi soubory nalezeny statisticky vyznamné rozdily (Tab. 6).

Tab. 6 Validace opakovatelnosti a reprodukovatelnosti vySetfeni MRD pro CEA

Opakovatelnost, reprodukovatelnost (kopieCEA/ug RNA/ primér + smérodatna odchylka)

1. analyza 2. analyza 3. analyza
Vzorek XY 3901540,2 + 282322,6 2302267,4 + 384178,5 3518325,4 + 462366,1
Vzorek XY 100x fedény 30647,4 + 5372,9 28981,8 + 8582,1 24345,4 + 7738,9
Vzorek XY 10 tis.x fedény [191,8 +40,6 67 + 18,8 20,2+85
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2.3.1.6 Exprese markeru v nadorovych liniich a lidskych karcinomech

Pro ovéieni specificity vybranych marker pro detekci MRD u jednotlivych nadorovych
diagnoz byla prvotné stanovena jejich exprese u nadorovych linii odvozenych od nejcastéjSich
typt lidskych karcinomt. Nadorové linie byly kultivovany za standardnich podminek, ze
ziskané RNA poté byla provedena QRT-PCR viz vySe (Tab. 2). Vysledky po normalizaci
exprese specifickych markertt k expresi GAPDH ukazuji na moznost pouZiti mamaglobinu,
EGFR nebo EpCAM k detekci MRD u tumort prsu (pozitivni u MCF 7, BT 549, MDA MB
231), u karcinomu kolorekta Ize pouzit CK19, CK20, CEA, EGFR (pozitivni u HT 29, HCT
116 a SW 620), pro detekci MRD u karcinomu plic se jevi byt vhodnym markerem EGFR a
TTF1 (pozitivni u A 549). V leukemickych liniich je exprese téchto specifickych znaki
minimalni (K562, CEM). Pro detekci MRD u karcinomu pankreatu neni Zadny z testovanych

markert dostatecné senzitivni ani specificky (HPaC) (Tab. 7).

Tab. 7 Exprese jednotlivych markert v lidskych nadorovych liniich
Exprese markeru v nadorovych liniich { normalizace dle exprese GAP_DH}
MAM CK 19 CK 20 CEA EGFR TTF1 EpCAM
K 562 0.00 0.03 0.00 0.00 0.00 0.00 0.34
CEM 0.00 ND 0.00 0.00 0.00 0.00 0.00
HT 29 0.00 0.30 0.14 0.06 0.16 0.00 2.90
A 549 0.00 0.00 0.00 0.00 0.13 0.01 0.00
MCF 7 0.00 0.05 0.00 0.00 19.94 0.00 4.81
BT 549 0.01 0.00 0.00 0.00 0.03 0.00 0.00
MDA MB 231 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HPaC 0.00 0.00 0.00 0.00 0.01 0.00 0.00
HCT 116 0.00 0.53 0.00 0.00 0.17 0.00 0.00
SW 602 0.00 0.30 0.00 0.00 0.00 0.00 0.00

Zjisténé skuteCnosti byly nasledné ovefeny na souboru redlnych vzorkd tumord. Na miru
exprese jednotlivych markert bylo vysetfeno ptfes 110 vzorkd primarnich tumort (23 vzorka
karcinomu kolorekta (C18-20), 23 vzorkt karcinomu prsu (C50), 23 vzorkii nemalobunééného
karcinomu plic (C34), 20 vzorkt ovarialniho karcinomu (C56), 21 vzorkl primarnich glidlnich
nadord mozku (C71) a 5 vzorkl sarkomii mékkych tkani). Z vyizolované RNA byla provedena
QRT-PCR dle standardnich podminek (Tab. 2). Vysledky ukazuji na velmi vysokou a
specifickou expresi karcinoembryonalniho antigenu a cytokeratinu 20 v kolorektalnich
karcinomech a na vysoce specifickou expresi mamaglobinu 1 a cytokeratinu 19 v karcinomech

mamarniho ptivodu. Karcinomy plic se vyznacuji vysoce specifickou expresi TTF 1 a vySsi

-----
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exprese EpCAM a EGFRI. U primarnich tumord mozku je exprese vSech sledovanych markert
kromé¢ EGFR1 velmi nizkd, u sarkomti mékkych tkani je exprese vdech sledovanych

epitelidlnich markert nulova.
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Obr. 3 Exprese jednotlivych markert v primarnich lidskych tumorech
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2.3.2 ldentifikace novych markeri pro detekci minimalni rezidualni choroby

Noveé markery pro rozliseni duktalniho a lobularniho invazivniho karcinomu prsu metodami

laserové mikrodisekce a DNA microarray analyzou
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Abstract

Background: Invasive ductal and lobular carcinomas (IDC and ILC) are the most common histelogical types of breast
cancer. Clinical follow-up data and metastatic patterns suggest that the development and progression of these tumors
are different. The aim of our study was to identify gene expression profiles of IDC and ILC in relation to normal breast
epithelial cells.

Methods: We examined 30 samples (normal ductal and lobular cells from 10 patients, IDC cells from 5 patients, ILC
cells from 5 patients) microdissected from cryosections of ten mastectomy specimens from postmenopausal patients.
Fifty nanograms of total RNA were amplified and labeled by PCR and in vitro transcription. Samples were analysed upon
Affymetrix U133 Plus 2.0 Arrays. The expression of seven differentially expressed genes (COHI, EMPI, DDRI, DVLI,
KRTS, KRTé, KRTIT7) was verified by immunohistochemistry on tissue microarrays. Expression of ASPN mRMNA was
validated by in situ hybridization on frozen sections, and CTHRCI, ASPN and COL3A[ were tested by PCR.

Results: Using GCOS pairwise comparison algorithm and rank products we have identified 84 named genes common
to ILC versus normal cell types, 74 named genes common to IDC versus normal cell types, 78 named genes differentially
expressed between normal ductal and lobular cells, and 28 named genes between IDC and ILC. Genes distinguishing
between IDC and ILC are involved in epithelial-mesenchymal transition, TGF-beta and Wnt signaling. These changes
were present in both tumor types but appeared to be more prominent in ILC. Immunchistochemistry for several novel
markers (EMP1, DVLI, DDRI) distinguished large sets of IDC from ILC.

Conclusion: IDC and ILC can be differentiated both at the gene and protein levels. In this study we report two candidate
genes, asporin (ASPN) and collagen triple helix repeat containing | (CTHRCI) which might be significant in breast
carcinogenesis. Besides E-cadherin, the proteins validated on tissue microarrays (EMPI, DVLI, DDRI1) may represent
novel immunohistochemical markers helpful in distinguishing between IDC and ILC. Further studies with larger sets of
patients are needed to verify the gene expression profiles of various histological types of breast cancer in order to
determine molecular subclassifications, prognosis and the optimum treatment strategies.
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Background

Invasive ductal (IDC) and lobular carcinomas (ILC) are
the most common histological types of breast cancer
|1,2]. The terminology of ductal and lobular carcinomas
is considered to be controversial as on purely anatomical
grounds there is no justification for this nomenclature.
Both carcinomas are derived from the terminal duct lobu-
lar unit (TDLLI), and the differences in their morphology
are likely to reflect the differences in mechanisms of car-
cinogenesis rather than the anatomical origin of the
lesions. At presentation the clinical pathological parame-
ters such as tumor site, size, grade and stage are similar for
both tumor types [3], however, clinical follow-up data
and the patterns of metastasis suggest that their develop-
ment and progression are different [4,5]. Treatment for
stage-matched tumors is similar [6], but IL.Cs are often
resistant to neoadjuvant therapy |7]. Although patients
with ILCs are older, have low grade tumor and less lym-
phatic invasion, they have no survival advantage com-
pared with IDCs [8,9].

Expression profiling using microarrays is a powerful tech-
nology which enables the simultaneous study of the
expression of thousands of genes and, in conjunction with
laser capture microdissection, the high-throughput
genetic analysis of morphologically distinct cell subpopu-
lations within tumor tissue [10,11]. Microarray analysis
has a number of applications, including tumor classifica-
tion, molecular pathway modeling, functional genomics,
and comparison of gene expression profiles between
groups [12]. The study of gene expression in primary
breast tumor tissues is complicated for two major reasons.
First, breast cancer consists of many different cell types,
including normal epithelial, stromal, adipose and
endothelial cells. Second, tumor cells are morphologically
and genetically diverse [13]. The recent development of
laser capture microdissection has provided an opportu-
nity 1o generate gene expression signatures from individ-
ual cell types [14-20].

Microarrays were used for analysis of breast tumor sub-
classes with clinical implication |21,22], for analysis of
gene expression changes in single breast cancer cells from
within the same tumor [14], for expression analysis of dif-
ferent gene families in breast cancer [23,24], and for anal-
ysis of gene expression in different cellular and tumor
types [25-28]. ER status of the tumor was the most impor-
tant discriminator of expression subtypes. Unsupervised
hierarchical clustering segregated these tumors into two
main clusters based on their basal (predominantly ER
negative) and luminal (predominantly ER positive) char-
acteristics [29]. Ductal breast cancer classes have been
identified with aggressive phenotype and poor prognosis
versus those with good prognosis [30-32]. Another study

http:/fwww.biomedcentral.com/1471-2407/7/55

reported distinct expression patterns based on BRCA1 and
BRCAZ status [33].

To date, few papers have been published on gene expres-
sion profiles of normal cell populations in the mammary
gland [34]. Several studies suggest differences in expres-
sion profiles of IDC and ILC. Inactivating mutations of E-
cadherin gene are very frequent in ILC [35]. However, the
loss of E-cadherin expression was shown to be an inde-
pendent prognostic marker for recurrence, especially in
node-negative breast cancer patients, irrespective of the
histological type |36]. Abnormal cytoplasmic and nuclear
localization of p120, a member of the E-cadherin/catenin
adhesion complex, is mediated by E-cadherin loss and
occurs in the early stages of ILC [37]. Non-microdissected
IDC and ILC tissues have also been used to study specific
gene expression profiles of lobular and ductal tumors
[38,39]. We aimed to identify genes differentially
expressed between normal cell types (ductal and lobular),
between tumor cells and normal cells as well as between
tumor types (ductal no special type and lobular). Despite
examining limited number of patients, our study is the
first full genome analysis of microdissected ductal and
lobular tumor and normal cells which allowed us to
detect normal mammary epithelium- and cancer-specific
genes.

Methods

Laser capture microdissection and RNA isolation
Altogether ten surgical specimens with either invasive
ductal carcinoma NST (no special type) (n = 5) or invasive
lobular carcinoma (n = 5) were investigated. This research
protocol was approved by the ethics committee at Palacky
University. Tumor and normal tissues from the same
mammary gland were identified by an experienced
pathologist, snap-frozen in liquid nitrogen and stored at -
80°C for further analysis. For microdissection, frozen tis-
sues were embedded in TissueTek medium and cut on
standard cryostat (Leica CM1850, Leica Microsystems
GmbH, Wetzlar, Germany). Frozen sections (7 pm) were
immediately fixed in acetone, stained by hematoxylin and
dehydrated in alcohol and xylene. All solutions were pre-
pared using diethyl pyrocarbonate-treated water. RNase
free instruments and RnaseZap (Sigma, St Louis, MO,
LISA) were used throughout.

At least 1000 infiltrating ductal or lobular tumor cells
together with normal lobular and ductal cells were micro-
dissected from cryosections using the Veritas™ Laser Cap-
ture Microdissection System [Arcturus Bioscience, Inc,
Mountain View, CA, USA) according to standard proto-
cols. When microdissecting normal cells, no attempt has
been made to exclude basal or myoepithelial cells for two
reasons. First, both ducts and lobules are atrophic in men-
opause, and no clearly defined layers of luminal and
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myoepithelial cells are preserved. Second, it is impossible
to exclude contamination with or entrapment of myoepi-
thelial cells during the microdissection procedure. Caps
with captured cells were directly placed in 100 pl lysis
buffer (Qiagen, Hilden, Germany). Total cellular RNA was
isolated (RNeasy® Micro Kit, Qiagen) according to manu-
facturer's recommendations and subsequently quantified
on a Nanodrop spectrophotometer (Nanodrop Technolo-
gies, Wilmington, DE, USA).

RNA amplification, microarray target synthesis and
hybridization

Fifty nanograms of total RNA were reverse transcribed and
amplified by Microarray Target Amplification Kit (Roche
diagnostics, Basel, Switzerland). In brief, total RNA (50
ng) was converted into cDNA using a modified oligo (dT)
primer (TAS-T7 Oligo (dT),,). A unique Target Amplifica-
tion Sequence (TAS) with no homology to any known
sequences in public databases generated the 3' anchor on
the cDNA for subsequent PCR amplification. In order to
include a 5' anchor sequence on the ¢DNA, the TAS-
(dN),, primer was used for the initiation of the second
strand cDNA synthesis. After purification using the Micro-
array Target Purification Kit (Roche), PCR was performed
using the TAS primer and Expand PCR Enzyme Mix which
is optimized for long (=1 kb) and unbiased PCR products.
In order to ensure that messages were not amplified to sat-
uration, the optimal number of PCR cycles was estimated
by preliminary PCR and agarose electrophoresis of PCR
products from cycles 21, 24, 27, 30 and 33. The optimal
number of PCR cycles was set either to 27 cycles for
patients 3, 4, 8, 9, and 10 or 29 cycles for patients 1, 2, 5,
6, and 7. All three populations from each patient were
amplified by the same number of PCR cycles. If higher
PCR cycling was needed for any cell population, new
microdissection, RNA isolation, cDNA synthesis and PCR
amplification were performed until the same PCR cycling
was possible. After purification with the Microarray Target
Purification Kit (Roche), the PCR products were labeled
with biotin-14-CTP (Invitrogen, CarlsBad, CA, USA) and
biotin-16-UTP (Roche) by in vitro transcription using
Microarray RNA Target Synthesis Kit T7 (Roche). The
labeled cRNA was purified using the Microarray Target
Purification Kit (Roche), quantified by spectrophotome-
ter and checked by agarose electrophoresis. The entire
amplification and labeling process was monitored by
GeneChip® Eukaryotic Poly-A RNA Control Kit (Affyme-
trix, Santa Clara, CA, USA) with exogenous positive con-
trols which were spiked into the total RNA before cDNA
synthesis. In all cases, 25 pg of each biotinylated cRNA
preparation was fragmented, assessed by gel electrophore-
sis, and placed in hybridization cocktail containing bioti-
nylated hybridization controls (GeneChip™ Eukaryotic
Hybridization Control Kit, Affymetrix). Samples were first
hybridized to Test3 Arrays for 16 hours, washed, stained
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using antibody-mediated signal amplification and
scanned. After passing this quality control stage, the sam-
ples were hybridized onto the large Human Genome
L1133 Plus 2.0 Arrays (Affymetrix).

Microarray data analysis

Scanned images of microarray chips were analysed by the
GCOS (GeneChip Operating Software) from Affymetrix
with the default settings except that the target signal was
set to 100, Differentially expressed genes between cell
types were identified using the GCOS change algorithm
and Rank Products (RP) [40] following RMA (Robust
Multiarray Analysis) [41]. GCOS pairwise analysis was
performed to compare gene expression levels among the
normal lobular, normal ductal and tumor cells within
individual patients and between lobular and ductal carci-
noma cells of different patients. For each comparison
between two cell types, the number of increase and
decrease calls of each probe set was calculated using MS
Excel and probe sets with the highest number of consist-
ent changes among all patients were identified. Probe
level quantile normalization [40] and robust multiarray
analysis [41] on the raw. CEL files were performed using
the Affymetrix package of the Bioconductor [42]. The cut-
off value of percentage of false-positives for RP analysis
was set to 10%. Gene lists were uploaded to DAVID (Data-
base for Annotation, Visualization and Integrated Discov-
ery) |43], and functional annotation was performed.
Further informations on genes were obtained from public
databases, such as Gene Cards [44] and NETAFFX Analysis
Center [45]. Hierarchical clustering was performed using
dChip software [46]. The data discussed in this publica-
tion have been deposited in NCBI Gene Expression
Omnibus (GEO) [47], and are accessible through GEO
Series accession number GSE5764.

Validation by i histochemistry
Seven differentially expressed genes were verified by
immunohistochemical staining on tissue microarrays
(TMA), which were constructed from 119 breast cancer
cases and contained 278 cores of 2.0 mm diameter. They
consisted of 80 ductal carcinomas, 29 lobular carcinomas,
one tubular carcinoma, 3 medullary carcinomas, 2 tubu-
lar-lobular carcinomas, 2 mixed ductal-lobular carcino-
mas, one mucinous and one papillary carcinoma. The
construction of the tissue microarrays was done using a
tissue arrayer (Beecher Instruments, Inc., Sun Prairie, WI,
LISA) [48]. The paraffin sections from 22 additional breast
cancer samples containing normal mammary gland struc-
tures were used for comparison.

TMA sections were stained using standard immunohisto-
chemical methods. Monoclonal mouse antibodies against
cytokeratin 17 (dilution 1:100, clone 2D4-1G9, Abnova,
Taipei, Taiwan), cytokeratin 5/6 (dilution 1:100, clone
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D5/16 B4, Dako, Denmark) and E-cadherin (dilution
1:50, clone NCH-38, Dako), polyclonal mouse antibodies
against EMP1 (epithelial membrane antigen 1; dilution
1:100, clone 2D4-1G9, Abnova), DDR1 (discoidin
domain receptor 1; dilution 1:100, Abnova) and DVL1
(human homolog of the Drosophila dishevelled gene;
dilution 1:100, Abnova) were used. Microwave antigen
retrieval was performed in citrate buffer (pH 6.0). For
antigen visualization, the EnVision/HRP system and
DAB+ (Dako) were used, slides were subsequently coun-
terstained with hematoxylin, dehydrated and mounted in
Canadian balsam. Immunohistochemical procedure was
optimized by testing different antigen retrieval methods
and negative controls. We regarded cells as immunoreac-
tive when an obvious membranous or submembranous
(E-cadherin, DDR1, EMP1) and cytoplasmic (cytokerat-
ins, DVL1) staining was seen. Immunoreactivity was
scored as follows: retained (++) when more than 50% of
membrane/cytoplasm were strongly positive, reduced (+)
when 10-50% of the membrane/cytoplasm were positive,
and absent (-) when 0-10% of the membrane/cytoplasm
were positive. Frequencies of positive and negative stain-
ing in tumor and normal tissues were compared by
Fisher's exact test (Statistica 6.0, StatSoft, Prague, Czech
Republic).

Validation by in situ hybridization

Asporin mRNA expression was verified by chromogenic in
situ hybridization (CISH) on frozen sections. Fluorescein
labeled oligonucleotide (5'AAG TTG GTG GTA AGC CTT
TAG GAA CTG AGG-FAM) was designed to the junction of
exons five and six of the asporin mRNA (Generi Biotech,
Hradec Kralove, Czech Republic). Sections were mounted
on Superfrost Plus slides and stored at -80°C until further
staining. Before CISH, the sections were heated at 50°C
for 2 min, and then dried at room temperature for 30 min.
Tissues were delipidized in chloroform at room tempera-
ture for 5 min and dried to evaporate the chloroform.
Block of endogenous peroxidase activity was followed by
incubation of tissue sections in 10% paraformaldehyde
for 7 min, then washed in PBS for 3 min and in 2x §§C (1
S5C contains 150 mM NaCl, 15 mM sodium citrate; pH
7.2) wwice for 5 min. The sections were covered with 100
ul hybridization buffer (60% formamide, 5x SSC) con-
taining 150 ng/ml of probe and incubated in moist cham-
ber at 37°C for 22 hours. After the hybridization,
unbound probe was washed from the sections at 37°C by
2x SSC for 5 min, then three times with 60% formamide
in 0.2x 8SC at 37°C for 5 min, and twice with 2x S58C at
room temperature for 5 min. Then polyclonal rabbit anti-
FITC/HRP (dilution 1:40, Dako) was applied at room
temperature for 45 min, followed by washing in 2x SSC
twice for 10 min. For visualization, DAB+ (Dako) was
used, slides were subsequently counterstained with hema-
toxylin, dehydrated and mounted in Canadian balsam.
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Validation by PCR

Products after PCR amplification (see RNA amplification,
microarray target synthesis and hybridization) were used
for verification of CTHRC1, ASPN and COL3A1 gene
expression using gene specific PCR. The primers were as
follows: CTHRCI forward 5'ACA AGT GCC AAC CCA
GAT AGC AAC, reverse 5'ATC GCA CTT CIT CTG TGG
AAG GAC (20 cycles 0f 95°C, 59°C and 72°C 1 min each,
product length 79 bp, kindly provided by Dr. Danuta
Radzioch, McGill University, Montreal, Canada), ASPN

reverse 5'ACT GCAATA CAT CCTTGTTTC TCT CAA CCC
(20 cycles of 95°C, 58.5°C and 72°C 1 min each, product
length 243 bp [modified from [49]], and COL3A1 forward
57TTG TCA ACC AGT GCA AGT GAC CGA C, reverse
5TGG TGA GCA CAG TCATTG CTC TGC A (20 cycles of
95°C, 59°C and 72°C 1 min each, product length 276
bp) [50]. PCR products were separated on 10% polyacry-
lamide gels, stained with ethidium bromide and captured
using a gel documentation system (DIANA Il with cooled
CCD  camera, Raytest, Germany). Band intensities,
expressed as "OD (optical density) x cm", were assessed
by Multi-Analyst densitometric software (Bio-Rad, USA).
The results were correlated with fluorescence signals from
the relevant Affymetrix probe sets by Spearman coefficient
using Statistica 6.0 software (StatSoft, Czech Republic).

Results

Unsupervised clustering

The clinical and histopathological characteristics includ-
ing lymph node status, tumor grade, expression of estro-
gen/progesterone receptors (ER/PgR), c-erbB-B2/HER2/
neu and accompanying lesions of ten breast cancer
patients are shown in Table 1. We microdissected normal
and tumor cells from these cases which resulted in a total
of 30 samples for gene expression profiling (10 normal
ductal, 10 normal lobular, 5 tumor ductal and 5 tumor
lobular). Unsupervised clustering of all samples was per-
formed using all probe sets without filtering. No tumor
types were grouped together but two large clusters were
evident: one mainly consisted of tumor cells and the other
cluster mainly of normal cells. This clearly suggests differ-
ences in global gene expression profiles of tumor and nor-
mal cells (Figure 1).

Genes differentially expressed between normal ductal and
lobular cells

In this comparison 367 probe sets were identified by pair-
wise comparison, and 501 probe sets by Rank Products
(RP). There were 82 probe sets (78 named genes) identi-
fied by both methods. In pairwise comparisons, the differ-
entially expressed genes were found by selecting those
with count of changes more than 6 (out of 10, either
increase or decrease). Multiple cytokeratins (5, 7, 14, 15,
17) were expressed in both cells, but none of them was
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Table I: Clinical and histopathological characteristics of breast cancer patients involved in microarray analysis

No Diagnosis Grade! AC LN
| IDC G3 IDH N,
2 IDC G2 none N,
3 IDC G2 none Ny
4 IDC G3 none Mg
5 IDC G2 DCis Ng
6 ILC G2 LCIs Ny
7 ILc Gl none Ny
a8 ILC Gl none M,
9 ILC G2 LCIS N,
10 ILc Gl none Ny

hin o d hisral

"Tumors were graded using the N [4
INo gene amplification was detected by fluorescent in situ hybridization.

Py
B!

ER? PgR? HER-2 Bcl-2 E-CD

0 0 0 80% >90%
40% 0 0 80% >90%
10% 2% 0 To% >90%
0% 50% 242 100% >90%
0% 1% 0 95% >90%

0 o 0 30% 0
80% 80% 0 100% 0
50% o 0 80% 0

0 0 0 5% 0
50% 70% 0 80% 0

gic grading system.

3A complete H-score was calculated by summing the products of the percentage cells stained at a given staining intensity (0—100) and the staining

intensity (0-3).

AC, accompanying changes; DCIS, ductal carcinoma in situ; E-CD, E-cadherin; ER, estrogen receptor; IDC, invasive ductal carcinoma, IDH,
intraductal hyperplasia; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ; LN, lymph node; PgR, progesterone receptor,

useful to separate two cell types. Genes encoding proteins
involved in proteolysis and metabolism (LSP25,
TMPRSS3, ACACB), protein biosynthesis and modifica-
tion (PDE4DIP, LOXL1), ion transport (CLCN3, GABRP)
and protein kinase cascade (MAP4K5) as well as genes reg-
ulating transcription (RFXAP, HSZFP36) were upregu-
lated in ductal cells. However, genes regulating cell
growth, activation and motility (TSPANS), genes encod-
ing actin-binding proteins (EHBP1), small leucine-rich
proteoglycan (DCN), and proteins with GTPase activity
(RHOBTE3, ARHGEF9) were overexpressed in lobular
cells (Table 2). Hierarchical clustering of normal cell types
based on the 82 probe sets found by both RP and pairwise
comparison showed that gene expression profiles of nor-
mal ductal and lobular cells from the same patients were
similar, and they could not be well separated from each
other (Figure 2).

Genes differentially expressed between tumor cell types
and normal cells

A comparison of ductal carcinoma cells with normal duc-
tal cells identified 1055 probe sets by pairwise analysis,
604 probe sets by RIP and 326 probe sets by both methods.
A comparison of ductal carcinoma cells with normal lob-
ular cells identified 792 probe sets by pairwise analysis,
347 probe sets by RP and 171 probe sets by both methods.
A comparison of lobular carcinoma cells with normal
ductal cells identified 1022 probe sets by pairwise analy-
sis, 350 probe sets by RP and 201 probe sets by both
methods. A comparison of lobular carcinoma cells with
normal lobular cells identified 983 probe sets by pairwise
analysis, 344 probe sets by RP and 208 probe sets by both
methods (see Additional file 1). In pairwise comparisons,
the differentially expressed genes were identified by select-
ing those with count of changes more than 4 (out of 5,
either increase or decrease).

47

Comparison between lobular carcinoma and normal cells
Combined pairwise analysis and RP have identified 106
differentially expressed probe sets (84 named genes) com-
mon to lobular carcinoma versus normal ductal and lob-
ular cells. Of these probe sets, several genes encoding
proteins involved in extracellular matrix (ECM)-tumor
interaction and focal adhesion (COLG6A3, COLBAIL,
CTHRC1, THES2, COMP) were upregulated, whereas
ITGA2gene with the same function was downregulated in
tumor cells. ASPN (asporin) was one of the upregulated
genes with the highest fold change. It encodes a protein
with porin activity which belongs to a family of leucine-
rich repeat (LRR) proteins associated with the cartilage
matrix.

Of the differentially expressed genes involved in Wnt sig-
naling, SFRP2 (secreted frizzled-related protein 2) and
WISP1 (WNT1 inducible signaling pathway protein 1)
were upregulated in lobular carcinomas. Several genes
encoding proteins involved in actin, calcium and metal
ion binding were downregulated (MYBPC1, DST, PIP,
CA2), and some genes with the same function (BGN,
ADAMI12) were upregulated in lobular carcinomas.
CDH1 (E-cadherin) was downregulated in lobular tumors
accompanied by downregulation of ITGA2 (integrin,
alpha 2) which it is a ligand of. Several other genes were
differentially expressed between lobular carcinomas and
normal cells. LYZ/LILRB1 was upregulated in lobular can-
cer cells. Other downregulated genes were as follows:
CGNL1 is a cellular myosin that appears to play a role in
cytokinesis, cell shape, and specialized functions such as
secretion and capping; EHF encodes a protein that
belongs to an ETS transcription factor subfamily charac-
terized by epithelial-specific expression (ESEs). This pro-
tein may be involved in epithelial differentiation and
carcinogenesis; CLIC6 encodes a member of the chloride
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Figure |

Unsupervised hierarchical clustering of all samples
using all probe sets. No tumor types are grouped
together, however, two large clusters are evident: one (blue)
mainly consists of tumor cells and the other (black) mainly
consists of normal cells. This suggests differences in global
gene expression profiles of tumor and normal cells. 1-10,
case numbers; D, ductal normal cells; L, lobular normal cells;
Tduc, ductal tumor; Tlob, lobular tumor.
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intracellular channel family of proteins and is involved in
ion transport (Table 3).

Comparison between ductal carcinoma and normal cells
Combined pairwise analysis and RP have identified 90
differentially expressed probe sets (74 named genes) com-
mon to ductal carcinoma versus normal ductal and lobu-
lar cells. In particular, transcription regulators (ATF3,
PIGR), genes encoding proteins with cytokine and growth
factor activity (PTN, CX3CL1) and genes encoding pro-
teins involved in ion transport and metabolism (ATP1A2,
MMP7) were downregulated in ductal carcinomas when
compared with normal cells (Table 3).

Comparison between both types of tumor cells and normal cells
Of 90 probe sets differentially expressed between ductal
carcinoma and both normal cells, and 106 probe sets dif-
ferentially expressed between lobular carcinoma and both
normal cells, only 25 probe sets were common (Table 3).
Hierarchical clustering based on those 25 probe sets
showed that tumor samples were grouped together, how-
ever, gene expression profiles of normal cell types from
cases 10 and 3 were different from other normal cells, and
tumor cells from case 2 were different from other tumor
cells (Figure 3).

Several upregulated genes (collagen type I, III, V, XI,
fibronectin 1, versican) were related to tumor- ECM inter-
actions and focal adhesion. However, another gene medi-
ating focal adhesion, MYLK, was downregulated in tumor
cells. This gene encodes a myosin light polypeptide kinase
containing 1 fibronectin type-l1l domain. Genes encoding
proteins involved in ion and electron transport (CYB5R2,
GABRP), and genes encoding proteins with transcription
factor and regulator activity (ELF5, 1D4) were downregu-
lated in both populations of tumor cells. They have also
been implicated as regulators of cell proliferation, differ-
entiation, and transformation. In addition, genes
involved in cell differentiation and apoptosis (PDZK1)
and genes encoding actin and actin-binding proteins
(CNN1, ACTAZ2) were also downregulated in both types of
tumor cells. Wnt signaling molecules were differentially
expressed in our samples. Of these, SFRP1 (secreted friz-
zled-related protein 1) was downregulated in tumor cells,
and genes involved in calcium regulation pathway were
not significantly changed. Structural constituents of
cytoskeleton such as type | (14, 15, 17, 23) and type 11 (5)
keratins were downregulated in tumor cells, Several other
genes were also differentially expressed between tumor
and normal cells. PI15 (peptidase inhibitor 15) was
downregulated, whereas LRRCI5 (leucine rich repeat con-
taining 15) was upregulated in both tumor cells.
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Table 2: Genes diffi ially exp d b normal lobular versus normal ductal cells by both rank products and pairwise analysis

Probe Set! Gene Symbol Gene Title Rank products Pairwise comparison
Fold-change Iner/Decr

Regulation of transcription
2129431 _at REXAPL Regulatory factor X-asscciated protein -3l s
229732 _at HSZFP36~ ZFP-36 for a zinc finger protein -30 alé
207117 _at HphT Krueppel-related zinc finger protein 24 &1
Protein blosynthesls and modification
214130 5 ac PDE4DIP+ Phosphodiesterase 4D interacting protein {myomegalin) -3.2 Ii&
232752 at — (LOXLI) + CONA FL| 10302 fis, clone NT2RM2000042 (lysyl oxidase-like 1) -4 116
Protealysis and metabolism
49452 at ACACE Aceryl-Coenzyme A carboxylase beta -18 0
220419 _s_at usP2sd Ubiquitin specific peptidase 25 29 13
220177 _s_at TMPRSS~ Transmembrane protease, serine 3 =28 e
len transport
201735 5 ac CLEN3d Chloride channel 3 -18 e
205044 _at GABRPL Garma-aminobutyric acid (GABA) A receptor, pi 1.8 16
Actin binding
212650 at EHBRI T EH damain binding protein | 16 &I
GTPase activity
202975 _s_at RHOBTBIT Rho-refated BTB domain containing 3 25 "
2032645 at  ARHGEF9T Cded2 guanine nueleotide exchange factor (GEF} 9 16 &0
Reg! of cell lop growth and matility
209890 _ar TSPANST Tetraspanin 5 16 70
Small leucine-rich proteoglycan (sirp) family
211896 s at  DCNT Decorin 20 7
Pratein kinase cascade
211081 _s_at MAPHKS + Mitogen-activated protein kinase kinase kinase kinase 5 <23 7
Other
206157 _at PTX3L Pentraxin-related gene. rapidly induced by IL-| beta 28 217
218431 _ac Cldorf1 334 Chromoseme |4 open reading frame 133 27 a7
218514 _ac FyI05874 Hypethetical protein FLJ 10587 26 17
226760_at Loc2o341 1T Hypothetical protein LOC20341 1 30 612

T ~ upregulated in normal lobular cells; 4 — downregulated in normal lobular cells
| Affymetrix probe set number; If there was more than one probe set for the particular gene found among top 20 changed genes (according to the
fold change). the probe set with the highest fold change is used and number of other probe set is indicated.

Genes differentially expressed between ductal and lobular
carcinomas

In this comparison 208 probe sets were identified by pair-
wise comparison, 122 probe sets by RI’, and 32 probe sets
(28 named genes) by both methods (Table 4). In pairwise
comparisons, the differentially expressed genes were iden-
tified by selecting those with count of changes more than
19 (out of 25 inter-patient comparison, every ductal carci-
noma against every lobular carcinoma, either increase or
decrease). These tumors were well separated by hierarchi-
cal clustering based on all 325 probe sets identified by RP
and/or pairwise analysis (Figure 4). The expression of
genes encoding proteins involved in cell adhesion was
changed. Although CDH1 (E-cadherin), a classical mem-
ber of the cadherin superfamily, was downregulated,
THBS4 encoding calcium-binding adhesive glycoprotein,
thrombospondin-4, was upregulated in all lobular carci-
nomas. DDR1 encoding receptor tyrosine kinase was over-
expressed in ductal carcinomas.

The DVLI gene encoding protein involved in Wnt signal-
ing and the leucine-rich repeat protein ASPN (asporin)
were upregulated in lobular carcinomas. Ductal carcino-

49

mas showed upregulated genes which are involved in cell
proliferation, signaling and cell cycle regulation, includ-
ing RHOU, member of the Rho family of GTPases stimu-
lating quiescent cells to reenter the cell cycle; PCSK6
encoding a calcium-dependent serine endoprotease;
PRKCI encoding calcium-independent and phospholipid-
dependent protein kinase C; PPP3CB encoding protein
phosphatase 3; and CKS2 encoding a component of the
CDC28 protein kinase. Epithelial membrane protein 1
(EMP1) was the only upregulated gene involved in cell
growth and proliferation in lobular carcinomas. These
changes were accompanied by the differential expression
of transcription regulators. Majority of genes with this
function were upregulated in ductal carcinomas such as
AHCTFI, IRAK1, NRIP1, ADNP. Overexpressed genes in
lobular carcinomas were the tumor suppressor FOXI'1
and another transcription regulator MID1.

The genes encoding proteins involved in ubiguitin-medi-
ated proteolysis, such as USP3, RKHD2 and TTC3, and
nuclear components, such as DTL, GLCCI1, TTCI4,
FAMS54A, HIST1H3B, were upregulated in ductal carcino-
mas. Majority of genes encoding proteins with enzyme
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Figure 2

Hierarchical clustering of normal ductal and lobular
cells based on 82 probe sets found by both rank prod-
ucts and pairwise analysis. Ductal and lobular cells from
the same patients tend to cluster together, and they can not
be well separated from each other. This suggests expected
similarities of expression signatures in normal epithelial (duc-
tal and lobular) cells of mammary gland tree. 1-10, case num-
bers; D, ductal normal cells; L, lobular normal cells.
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activity or implicated in metabolism were also upregu-
lated in ductal carcinomas (STK4, SLC1A2, B3GALTS,
OSBPL10, CREN, CHML, YWHAR).

Two lobular and three ductal carcinomas were estrogen
receptor-negative, whereas three lobular and two ductal
carcinomas were estrogen receptor-positive. Hierarchical
clustering using all probe sets was performed to determine
whether receptor-positive and receptor-negative tumors
could be separated. The tumors of the same histological
type showed similar gene expression profiles without dif-
ferences in relation to ER status as well as to other clinical
parameters such as nodal status, stage and the expression

of other immunohistochemical markers (data not
shown).
Validation by ii histoch Y on tissue microarrays

Seven differentially expressed genes (KRT5, KRT6 and
KRT17 between tumor and normal cells, COH1, EMPI,
DDRI and DVLI between lobular and ductal carcinomas)
were verified by immunohistochemical detection of pro-
teins on TMA slides comprising of cores from 119 cases.
The clinical and histopathological characteristics of these
patients are shown in Table 5. The reduced expression or
absence of cytokeratins 5/6 and 17 (KRT5, KRT6, KRT17)
was found in both tumor tissues in comparison to termi-
nal duct lobular units in 22 normal mammary tissues (p <
0.0001) (Table & and Figure 5). In a majority of ducts and
lobules including TDLU, these cytokerat were
expressed in both basal and luminal cells, verifying the
previously described variability of the expression of basal
cytokeratins and their relationship to the cellular origin
[51]. Cytokeratin 5 and 17 have also been found in a sub-
set of breast cancer and identified patients with poor clin-
ical outcome [31].

E-cadherin (CDH1) has successfully separated ductal and
lobular invasive carcinomas. It was absent in 93.3% of
lobular tumors compared with only 15% of ductal tumors
(p < 0.0001). Epithelial membrane protein 1 (EMP1), dis-
coidin domain receptor 1 (DDR1) and human homolog
of the Drosophila dishevelled gene (DVL1) were found by
pairwise comparison analysis to be differentially
expressed between lobular and ductal carcinomas. Immu-
nohistochemistry confirmed higher expression of DVLI
and EMP1 in lobular carcinomas and of DDR1 in ductal
carcinomas (p < 0.0001) (Table 7 and Figure 5). Of the
special type carcinomas included on TMA slides, a papil-
lary and two medullary carcinomas were positive for basal
cytokeratins, one out of three medullary carcinomas was
positive for EMP’1 and E-cadherin, a ductal-lobular carci-
noma was positive for DDR1, all other special type carci-
nomas were negative for these markers, and finally none
were positive for DVL] (data not shown).
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Table 3: Genes differentially expressed between tumor versus normal cells by both rank products and pairwise analysis

Probe Set! Gene Symbol Gene Title Fold-change
Tdue Tlob
Lobular carcinoma vs normal cells L D L D
(T = upregulated in Tlob, ¢ -~ downregulated in Tlob)
atri ptor i and focal adh (epithelial- hymal U
227314 _ac TGazd Integrin, alpha 2 n n -4.7 6.2
201438 _at coLenst Collagen, type VI, alpha 3 n n 45 7.7
203083 ar THBes2T Thrombospandin 2 n n &5 65
205713 s _at compT Cartilage oligomeric matrix protein n n 67 81
226237 _ax CoLaAIT Cellagen. type VIl alpha | n n 84 59
225681 _ar CTHRCIT Collagen triple helix repear containing | n n 185 48.4
219087 at ASPNT Asporin n n 233 221
WNT signalling
223120 5 ar 223122 5 at SFRPZT Secreved frizzled-related protein 2 n n 581319 7471
229802 _at wise1T WHNT I inducible signaling pathway protein | n n 1 124
Actin, caleium and metal lon binding
204455 _ar DST+ Dystonin n n =122 -183
214087 _s_at MYBPCI-L Myosin binding protein C, slow type n n =100 =122
209301 _ac CAZd Carbonic anhydrase Il n n 52 87
206509 ac FiP- Prolactin-induced protein n n -70 43
201131 s at CDHIL Cadherin |, type |, E-cadherin n n 62 72
226777 _an ADAM /2T ADAM metallopeptidase domain 12 n n 57 53
213905_x_at BGMISDECAG3IT Biglycan/serologically defined colon cancer antigen 33 n n 83 71
Other
227742 _ac CLCE: Chloride intracellular channel & n n 93 -82
225817 _at CGNLI Cingulin-like | n n -5.9 78
219850_s_ar EHFL Ets hamalogous factor n n 4.1 6.3
2013975 5 ac Lvzneeit Lysozyme n n 108 7.3
Ductal carcinoma vs normal cells
{+ - upregulated in Tdue, + - d gulated in Tduc)
Regulatien of transcription
202672 s at ATF3L Activating transcription factor 3 4.5 17 n n
226147 _s_at PIGRL Polymeric immunoglobulin receptor 48 -0 n n
Cytokine and growth factor activity
209466 x_at 211737 x at PTNL Pleiatrophin 5870 83123 n n
B23 ar CX3CLi+ Chemokine {C-X3-C morif) ligand | -16 -83 n n
len transport and metabolism
203296_s_at ATPIAZY ATPase, Ma#/K+ transporting, alpha 2 8.2 9.6 n n
204259 ac MMPT+ Matrix metallopeptidase 7 45 -72 n n
Page 9 of 20
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Table 3: Genes differentially expressed between tumor versus normal cells by both rank products and pairwise analysis (Continued)

212353 ac
Other
1553602 _at
123613 ac
206548 ar

218585 s at

Tumor vs normal cells

SULFIE

LOCI 18430+

ECRG4L
Flj235564

ot

Sulfatase |

Small breast epithelial mucin
Escphageal cancer related gene 4 protein
Hypethetical procein FLJ23556

Denticleless homalog {Drosophila)

(T - upregulated in tumor, + - downregulated in tumor)

rtri 1 and fecal I
224823 _ar MYLK: Myasin, light polypeptide kinase
I04620 ¢ ar 221731 _x_ar cspcat Chandroitn sulfate prateoglyean 2 (versican)
221729 ac coLsazt Collagen, type V. alpha 2
211161 s at coLsalt Collagen, type IIl, alpha |
212464 _s_ar NIt Fibronectin |
202311 _s_at 202310_s_at coLiait Collagen, type |, alpha |
37892 at coLitart Collagen, type X1, alpha |
202404 _s_at coLiazt Collagen, type |, alpha 2
len and electron transport
205044 _at GABRPY Gamma-aminobutyri acid (GABA) A receptor, pi
2120230 s at CYBSR2: Cytochrome b5 reductase 2
Regulation of transcription
120625_s_at ELF5L E74-like facror 5 (exs domain transcription factor)
209292 _at D4+ Inhibitor of DNA binding 4
Actin and actin-binding proteins
2103951 _ac CHNITL Calpenin |, basic, smooth muscle
243140_ac ACTAZ~ Actin, alpha 2, smooth muscle, aorta
WNT signaling
202037 s at SFRPI+ Secreted frizzled-related protein |
Intermediate filament proteins
209351 _at KRTI4) Keratin 14
205157 s at KRTIT+ Keratin 17
212730 ar DMN~ Desmuslin
201820_at KRTS4 Keratin 5
Other
229947 at PlISY Pepuidase inhibitor 15
105380 at PDZKIL PDZ domain containing |
213909 _ar LRRCIST Leucine rich repeat containing 15

4.6

X
63

-40

-19

-6.7
4.0

-119
-17.7
=100

-89

-6.5
45
62

40 n n
-104 n n
5.6 n n
=112 n n
48 n n
-34 5.9 -5.4
4953 4540 586l
44 9.3 1.3
33 9.8 149
50 1) 105
6051 127104 130108
e 6.6 59
1ol 05 183
87 -62 86
38 4.3 4.2
-48 -59 -84
5.1 -10.8 4.5
-6.6 -69 73
4.1 87 4.0
88 -85 -13
=310 <119 -140
-2l4 9.9 <126
=104 =12 75
=127 -11.3 =120
75 -185 -15.0
-5.8 41 -6.4
57 73 s

Tduc — ductal tumor; Tlob — lobular tumor; D — normal ductal cells; L — normal lobular cells; n — not differentially expressed amaong top 20 genes.
| Affymetrix probe set number: If there was more than one probe set for the particular gene found among top 20 changed genes (according to the
fold change), the probe set with the highest fold change is used and number of other probe set is indicated,
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Figure 3

Hierarchical clustering of tumor and normal samples
based on 25 probe sets common to ductal and lobu-
lar carcinoma versus normal cells identified by both
rank products and pairwise analysis. Tumor samples are
grouped together, however, gene expression profiles of nor-
mal cell types from cases 10 and 3 are different from those of
other normal cells, and tumor cells from case 2 are different
from those of other tumor cells. 1-10, case numbers; D, duc-
tal normal cells; L, lobular normal cells; Tduc, ductal tumor;
Tlob, lobular tumor.

Validation of asporin expression by in situ hybridization
Combined RP and pairwise comparison showed that
ASPN was one of the most upregulated genes in lobular
carcinomas, when compared with normal ductal (fold
change 23.3) and lobular (fold change 22.1) cells as well
as with ductal carcinomas (fold change 3.9). None of the
available antibodies against asporin worked on paraffin
sections, therefore we utilised chromogenic in situ hybrid-
ization to detect asporin mRNA in frozen sections. All five
lobular carcinomas appeared positive, whereas five cases
of ductal carcinomas were negative or weakly and focally
positive which is in agreement with the microarray data
(Figure 6).

Validation of CTHRCI, ASPN and COL3AI by PCR

Besides asporin, CTHRC1 was also upregulated in lobular
cancer cells, when compared with normal ductal cells
(fold change 48.4) and lobular cells (fold change 18.5),
and COL3AI was upregulated in both IDC and ILC cells,
when compared with normal ductal cells (fold change 3.3
and 14.9, respectively) and lobular cells (fold change 4.1
and 9.8, respectively). As both RNA and cDNA were fully
utilized for amplification, we used PCR amplification
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products (see Methods) for validation by another PCR
with specific primers. The results of semi-quantitative PCR
correlated with the microarray data. Spearman coeffi-
cients were r = 0.85, r = 0.73 and r = 0.70 for CTHRCI,
ASPN and COL3Al, respectively (all significant at p <
0.0001) (Figure 7).

Discussion

We examined 30 samples (microdissected tumor and nor-
mal ductal and lobular cells) from postmenopausal
patients with lobular and ductal invasive breast carcino-
mas using Affymetrix arrays. Genes differentially
expressed between the normal ductal and lobular cell
types, which are less likely to be affected by fluctuating
levels of female hormones as they were derived from post-
menopausal women, are involved in ion transport and
protein kinase cascade, protein biosynthesis and modifi-
cation, proteolysis and metabolism, regulation of tran-
scription  and  cell growth. However, hierarchical
clustering of normal cell types based on the 82 probe sets
identified by both RP and pairwise comparison showed
that the gene expression profiles of normal ductal and
lobular cells taken from the same patient are more similar
to each other than ductal cells or lobular cells from differ-
ent patients, and thus could not be well separated from
each other. This may suggest expected similarities between
expression signatures in normal epithelial (ductal and
lobular) cells of the mammary gland. Since both 1DC and
ILC are believed to start in the terminal duct lobular unit
(TDLU) of the breast [1,2], and these normal cell popula-
tions showed similar gene expression profiles, it is likely
that the different morphological appearances of the two
tumor types are mediated by differences in their mecha-
nisms of carcinogenesis.

Combined pairwise comparison and RI” analysis revealed
that ductal and lobular carcinomas have a number of
genes in common, however, they can be discriminated
both at the gene and protein levels in our study. cDNA
microarrays have previously been used to distinguish
between IDC and ILC |38,39]. Unsupervised clustering of
tumors failed to separate the two subtypes. There were 8
genes identified by MaxT permutation analysis using t
tests, significance analysis for microarrays (SAM) and pre-
diction analysis for microarrays (PAM) (E-cadherin, sur-
vivin, cathepsin B, TPI1, SPRY1, SCYA14, TFAP2B, and
thrombospondin 4), and an additional 3 were identified
by SAM and PAM (osteopontin, HLA-G, and CHC1) |38].
It has also been found that over half of ILCs differed from
IDCs in global transcription programs, whereas the
remaining ILCs closely resembled 1DCs. Fifty two percent
of the ILCs ("typical” ILCs) clustered together and dis-
played different gene expression profiles from the IDCs,
whereas the other ILCs ("ductal-like" ILCs) were distrib-
uted between different IDC subtypes. Many of the differ-
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Table 4: Genes differentially expressed in lobular versus ductal invasive carcinomas by rank products and/or pairwise analysis

Probe Set! Gene Symbol  Gene Title Rank products Pairwise
comparison
Fold-change IncriDecr
Cell adhesion
2001131 s ar  CDHIL Cadherin I, type 1, E-cadherin (epithelial) -60 e
207169 xa  DDRIL Discoidin domain receptor family, member | n 519
204776 _ar THBS4T Thrombospondin 4 n 192
219087 _at Asent Asporin (LRR class 1) 39 1310
Wht signalling
223168 _ac RHOU RAS homelog gene family, member U n Flrli]
203230 _ac pvLi T Dishevelled, dsh homelog | {Dresophila) n 000
Protein ubiquitination
215392 ac USF3~ Ubiquitin specific peptidase 3 =50 12
218247 _s_at RKHDZ4 Ring finger and KH domain containing 2 -4 one
15694725 ar  TTC3L Tetratricopeptide repeat domain 3 45 023
Regulation of transcription
226115_ac AHCTFI AT haok containing transcription factor | -40 022
201587 s _at IRAK 1 Interleukin-| recepror-associaved kinase | n 9
202599 s at  NRIPIL Muclear receptor interacting protein | n 01y
201773 2 ADNPL Activity-depend p n 020
203637 s.ac  MIDIT Midline | (Opitz/BBE syndrome) 4.0 200
235444 _at FOXPIT Forkhead box P n 1914
Electron and protein transport
204351 _ax siogpl 5100 calcium binding protein P -5.3 one
225177 ac RABIIFIPI ) RABI | family interacting protein | (class [} -35 Flrd]
204041 _at maost Menoamine oxidase B 35 2004
212902 _at SEC24AT SEC24 related gene family, member A 35 1972
Cell cycle I cell proliferation and signaling
204170 s at  CKS2) CDC28 protein kinase regulatory subunic 2 -48 220
207414 s at  PCSK&S Proprotein convertase subtilisin/kexin type & n 419
209678_s_at PRECIH Protein kinase C, iom n o2
209817 _ac PPPICBL Protein phosphatase 3, catalytic subunit, beta isoform (calcincurin A beta) n 024
201324 an Emp1T Epithelial membrane prozein | n 210
Metabolism and enzyme activity
205509 _ac CPEI~ Carboxypeptidase BI {tissue) -1l o
223746 _ac STH4L Serine/threonine kinase 4 -45 220
225490 _ac sLciazd Solute carrier family | (glial high affinity glutamate wansporter), member 2 4.0 0720
211379 x_at  BIGALTI UDP-GalbetaGleMAc beta |,3-galactosyliransferase. polypepride 3 -4.0 oz
219073 s at  OSBPLIOL Oxysterol binding protein-like 10 -40 121
2129366 _ar CRENL Cereblon =36 D)
226350 _at CHMLL Choroideremia-like (Rab escort protein 2) n 024
27T st YWHABL Tyrosine 3 ¥ furyprophan 5 ¥ activation protein, beta polypepride n 120
49452 _at AcACET Acetyl-Coenzyme A carboxylase beta n 190
2207705 acr  LOCs3920T Transp derived Buster transp ik 53 24/0
Actin and cytoskeletal protein binding
21776 st EPB4ILI- Erythrocyte membrane protein band 4.1-like 3 -5.3 ozl
201341 _ac ENCI Ectodermal-neural cortex (with BTB-like domain) n 1973
Nuclear components
218585 s at  DTLL Denticleless homolog (Drosephila) -46 mne
225706 _at GLCCI + Glucotorticoid induced transeript | 4.5 0125
241863 3 ar  TTCI44 Tetratricopeptide repeat domain 14 -4.4 120
228069 at FAMS4AL Family with sequence similarity 54, member A 38 020
208576_s_at HISTIH3B: Histone 1, H3b =33 e
Other
1568838 ar — Full-lengeh eDNA clone CSODFO33YEIT of Feral brain of Home saplens (human) =50 120
226067 _at C200ef1 14 Chromosome 20 open reading frame |14 -49 oe
1553979 _at - Hama sapiens, clone IMAGE:3906992, mRNA 4.1 oy
230534 _ac MGCI56341 Hypothetical protein MGC 15634 -36 0
226671 _at - CDMA clone IMAGEA4TI7 120 -38 20
219768 _ac VTeNI T V-set domain containing T cell activation inhibitor | 78 212
2014657 s_ar  TncRNAT Trophoblast-derived noncoding RMA 45 2110
213004 _ac ANGPTLZT Angiopoletin-like 2 n 1974

™ ~ upregulated in lobular carcinoma; 4 ~ downregulated in lobular carcinoma; n — gene not found by rank products at the level of 10% of false
positives, Incridecr — increase or decrease in lobular versus ductal carcinoma by pairwise comparison.
'All 32 probe sets identified by combined pairwise comparison and rank products are included, also a number of genes found by pairwise

comparison were validated by immunohistochemistry (DVLI, DDRI, EMPI), therefore, functional categories also include named genes identified by
pairwise analysis.
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Figure 4

Hierarchical clustering of invasive ductal and lobular
breast carcinomas based on 325 probe sets identified
by rank products and/or pairwise analysis. Tumor types
are well separated. 110, case numbers; Tduc, ductal tumor;
Tlob, lobular tumor.

entially expressed genes encode for proteins involved in
cell adhesion/motility, lipid/fatty acid transport and
metabolism, immune/defense response, and electron
transport. Many genes distinguishing between typical and
ductal-like ILCs are involved in regulation of cell growth
and immune response [39]. However, these two previous
studies examined whole tumor tissues without microdis-
section, suggesting that expression of a number of genes
could be related not only to tumor cells but also to other
components of mammary tissue such as stromal, adipose,
endothelial etc. Our study is the first full genome analysis

http:/iwww.biomedcentral.com/147 1-2407/7/55

of microdissected ductal and lobular tumor and normal
cells reporting both normal mammary epithelium- and
cancer-specific genes expression profiles.

Importantly, CDH]1 (E-cadherin gene) was downregulated
in our lobular carcinomas, and immunohistochemistry
confirmed this loss at the protein level within tumors. E-
cadherin is considered to be the most important cell adhe-
sion molecule in the mammary gland. It acts as a tumor
suppressor inhibiting invasion and metastasis. Mutations
of this gene are correlated with gastric, breast, colorectal,
thyroid and ovarian cancer. During tumor progression, E-
cadherin can be functionally inactivated or silenced by
different mechanisms such as post-translational control,
somatic mutations, downregulation of gene expression
through promoter hypermethylation, histone deacetyla-
tion, and transcriptional repression [52,53]. The latter
induces cellular responses leading to the conversion of
epithelial cells into invasive mesenchymal-like cells with
increased motility and invasiveness, and this process is
called an epithelial-mesenchymal transition (EMT) [52].
To date, it is believed that lost, non-polar or cytoplasmic
expression of E-cadherin protein andfor transcriptional
repression of its mRNA are hallmarks of EMT in cancer
progression [53-55]. It has also been shown that several
proteins such as fibronectin and integrin avp6 [54], Eis,
TGFP, FGF-1,-2,-8, a-5MA, collagen type 1, 11l and throm-
bospondins increase in abundance during EMT [56], con-
versely, amongst proteins that decrease in abundance are
E-cadherin and cytokeratins |54]. According to our results,
collagen type | and IlI, fibronectin and Ets domain tran-
scription factor are upregulated and cytokeratins are
downregulated in both tumor cell types. The expression of
collagens and other mesenchyme-associated genes in
microdissected breast cancer cells was also confirmed by
Nishidate and co-workers [57]. In addition, pairwise com-
parisons revealed that thrombospondin 4 was upregu-
lated only in lobular cancer cells, which agrees with the
literature [38]. Thus we propose that the EMT plays a role
in both tumor types but appears to be more important in
lobular carcinomas. The EMT phenomenon seems to be
promising because multiple molecules involved in EMT,
such as receptor- and SRC-family tyrosine kinases, RAS
and other small GTPases, can be envisioned as targets for
anti-EMT therapy |58].

The tiss

ricroenvironment, including the ECM-cell and
cell-cell interactions, plays an important role in both nor-
mal mammary gland development and cancer. Neoplastic
transformation of cells dramatically alters the synthesis of
proteoglycans and other ECM proteins both in tumor and
the surrounding matrix |59]. This can stimulate the
growth and spread of tumor cells by decreasing the adhe-
sive functions of the ECM [60]. Both tumor types exam-
ined show upregulated genes involved in tumor-ECM
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Table 5: Clinical and histopathological characteristics of TMA cases
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Features IDC Lc
Gl 6 (7.5%) 15 (51.7%)
G2 57 (71.3%) 11 (37.9%)
G3 17 (21.2%) 3(10.3%)
ER+ 57 (71.3%) 19 (65.5%)
PgR+ 50 (62.5%) 17 (58.6%)

HER-2+ 12 {15%) 1 (3.4%)
Bel-2+ 13 (16.3%) 4(13.8%)
Ny 56 (70%) 21 (72.4%)
N, 16 (20%) 6 (20.7%)
N, 8 (10%) 2 (6.9%)
Total number of cases 80 9

ER., estrogen receptor: G|-3, grade 1-3; IDC, invasive duetal carcinoma; ILC, invasive lobular earcinema; Ny, lymph node status; PgR,

progesterone receptor; TMA, tissue microarray.

interactions, cell adhesion and migration processes
including metastasis. Expression of majority of the pro-
teins encoded by these genes is related to TGFP or Wit sig-
naling, and both the TGFj and Wnt pathways may affect
ECM.

Asporin is a cartilage extracellular protein that has been
reported to be associated with knee and hip osteoarthritis.
This leucine-rich repeat protein was shown to interact
with and inhibit TGFp signaling which is thought to lead
to insufficient quantities of aggrecan and type 1l collagen
in osteoarthritis [61,62]. Asporin was more upregulated in
our lobular carcinomas when compared with ductal
tumors as well as with normal cell types. Overexpression
of asporin mRNA in lobular carcinomas was then con-
firmed by chromogenic in situ hybridization and PCR. In
support of our findings, upregulation of this gene has also
been described in microdissected androgen-independent
prostate cancer cells using Affymetrix Human Genome
U133A GeneChips [63]. The authors did not discuss it
and importantly, asporin has not been related to carcino-
genesis to date.

We have found another candidate gene, collagen triple
helix repeat containing 1 (CTHRC1), which was upregu-
lated in ILC in comparison with normal cells, and its
expression was also validated by PCR. Aberrant expression
of CTHRC1 has recently been reported in human solid
tumors, including cancers of the gastrointestinal tract,

lung, breast, thyroid, ovarian, cervix, liver, and the pan-
creas. It is associated with cancer tissue invasion and
metastasis and potentially plays important functional
roles in cancer progression, perhaps by increasing cancer
cell migration |64 ). TGEP upregulates CTHRC1, versican,
ADAM12, and downregulates SFRP1 and E-cadherin [65-
67]. The loss of SFRP1 is known to be associated with
breast cancer progression and poor prognosis in early
stages [68], and a similar expression profile is seen in our
study. SFRP1 is downregulated and versican is upregu-
lated in both tumor types. Furthermore, pairwise compar-
ison identified other overexpressed genes in lobular
carcinoma such as SFRP2 and ADAMI2. E-cadherin,
which is downregulated in lobular cancer cells, can also be
repressed by TGFp-induced expression of transcription
factor complexes [69]. TGFp signaling inhibitors have
been shown to prevent EMT, to inhibit mammary tumor
viability and to block metastasis in various murine mod-
els |70]. According to these results, we propose that dereg-
ulated TGFJ signaling is likely to be more important in
lobular carcinogenesis.

Whnt signaling molecules are also expressed in our samples
in several comparisons. The Wnt proteins are small
secreted glycoproteins which are involved in the self-
renewal of stem cells and may be responsible for the
maintenance of mature tissues [71]. On binding to Friz-
zled receptors, Wnits can activate canonical (f-catenin-
dependent) and/or non-canonical (p-catenin-independ-

Table é: Immunohistochemical staining of cytokeratins in tumor and normal tissues

Antibodies Tumors Mormal tissues (n = 22) Fisher's p value
Cytokeratin 5/6 Ductal carcinemas (n = 80) 9 (11.2%) 22 (100%) <0.0001
Lobular carcinomas (n = 19) 3 (10.3%) <0.0001
Cytokeratin 17 Ductal carcinemas (n = 80) B (10%) 22 (100%) <0.0001
Lobular carcinomas (n = 29) 2 (69%) <0.0001
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Figure 5

Representative i histochemical staining for the selected proteins: E-cadherin, DDRI|, DVLI, cytokeratin
5/6, cytokeratin |17 and EMPI. |.|. E-cadherin is negative in lobular carcinoma; 1.2. E-cadherin is positive in ductal carci-
noma; 2.1. DDRI is negative in lobular carcinoma; 2.2. DDRI is positive in ductal carcinoma; 3.1. DVLI is positive in lobular
carcinoma; 3.2. DVLI is negative in ductal carcinoma; 4.1. Cytokeratin 5/6 is negative in lobular carcinoma cells, but its expres-
sion is retained in normal ductal epithelial cells; 4.2. Cytokeratin 5/6 is negative in ductal carcinoma cells; 4.3. Duct lobular unit
in normal mammary gland tissue is positive for cytokeratin 5/6; 5.1. Cytokeratin 17 is negative in lobular carcinoma cells, but its
expression is retained in normal ductal epithelial cells; 5.2. Cytokeratin 17 is negative in ductal carcinoma cells, but its expres-
sion is retained in normal ductal epithelial cells; 5.3. Duct lobular unit in normal mammary gland tissue is positive for cytokera-
tin 17, 6.1. EMPI is positive in lobular carcinoma; 6.2, EMPI is negative in ductal carcinoma.

ent Wnt/planar cell polarity pathway and Wnt/Ca2+ path-  pathway are not significantly changed. The promoter of
way) Wnt signaling [72,73]. Downregulation of frizzled  fibronectin 1 contains LEF/TCR-binding sites, making it a
related proteins has been described in breast cancer [68].  direct target of canonical Wnt signaling |59,74]. Fibronec-
Of these, SFRP1 is downregulated in both types of our  tin 1 is also upregulated in both tumor types. However,
tumor cells, and genes involved in calcium regulation  there is a difference in Wnt signaling between ILC and

Table 7: I hi h y diffe: ductal and lobular carcinomas
Antibodies Ductal carcinomas (n = 80) Lobular carcinomas (n = 29) Fisher's p value
E-cadherin 68 (85%) 2 (6.7%) <0.0001
DVLI 20 (25%) 28 (96.5%) =0.0001
EMPI 13 (16.3%) 27 (93.1%) =0.0001
DDRI 77 (96.2%) 4(13.8%) =0.0001
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Figure 6
Asporin mRMNA detection by chromogenic in situ hybridization. |-2. Various magnifications (%100, »400, =400) of

lobular carcinoma; red arrows, lobular tumor cells are positive; blue arrows, stromal cells are negative; 3. Ductal carcinoma is
negative (x200).

IDC. SULFI (sulfatase 1) is upregulated and MMP7 is
downregulated only in IDCs. MMP7 is a confirmed Wnt
target [75] and it has been shown to be activated in both
canonical [76,77] and non-canonical Wnt signaling [78].
Binding Wnt ligands to frizzled receptors is regulated by
the 6-O sulfation-desulfation of cell surface heparan sul-
fates (HSs) by sulfatase 1. Sulfated HSs bind to Wnt ligand
with high affinity and inhibit Wnt signaling, Sulfatase 1
removes 0-6 sulfates from HSs and reduces their binding
to Wnt ligands which in turn allows the formation of
functional Wnt-Frizzled complexes and thus promotes
whnt signaling [79,80]. Frizzled-related proteins also have
heparin-binding domains that promote the formation of
Whnt-Frizzled complexes [81]. Although SULF1 is upregu-
lated, SFRP1 and MMP7 are downregulated in ductal can-
cer cells, whereas SFRI?2 and other Wnt molecules, such as
DVL1 and WISP1, are upregulated in lobular cancer cells.
This suggests that Wnt signaling is activated in ILC cells
but not in IDC cells. Since mRNA level of p-catenin was
not changed between normal and tumor cells, the expres-
sion of Wnt molecules appears to be p-catenin-independ-
ent, favoring the non-canonical Wnt signaling in ILC.
There is evidence that Wnts acting through the non-
canonical pathway can promote tumor progression
[82,83] which may also be true in ILC.

In addition to Wnt molecules such as DVLI, pairwise
comparison revealed that EMP1, gene encoding a tumor-
associated membrane protein involved in cell-cell interac-
tions and proliferation control [84], was upregulated,
whereas DDR1, epithelial-specific receptor kinase capable
of binding Wnt5 and regulating the adhesion of mam-
mary cells [85,86], was downregulated in ILCs. Immuno-
histochemistry has also confirmed the same differential
expression of these three proteins in IDC and ILC on tis-
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sue microarrays. Thus all the evidence suggests that the
two tumor types can be distinguished both at the gene and
protein levels. Specific changes in gene and protein
expression are likely to reflect the differences in mecha-
nisms of carcinogenesis as well as the specific histological
and clinical characteristics of these tumors derived from
the same anatomical compartment, TDLLU.

Conclusion

Microdissection of normal and tumor cell types from the
breast and full genome expression analysis by Affymetrix
arrays allowed us to provide novel data on breast cancer.
Invasive lobular and ductal breast carcinomas can be dif-
ferentiated both at the gene and protein levels. Despite
analyzing only thirty samples from ten patients, the
results are in good accordance with previous literature
|14,38,39,57,64]. Our data provide evidence for deregu-
lated TGFf and Wnt signaling accompanied by the over-
expression of mesenchyme-associated genes like the
collagens, asporin and others which might be occurring in
conjunction with an altered EMT. We propose that dereg-
ulated TGFR signaling and EMT phenomenon are
involved in both tumor types, but they seem to be more
important in lobular carcinomas which is in concordance
with the loss of E-cadherin expression and their distinct
morphology from ductal tumors. In this study we report
two candidate genes, asporin (ASPN) and collagen triple
helix repeat containing 1 (CTHRC1), which might be sig-
nificant in mammary gland carcinogenesis and may also
be important either in cancer diagnosis or therapy.
Besides E-cadherin, the proteins validated on tissue
microarrays by immunohistochemistry (EMP1, DVLI,
DDR1) may represent novel tissue markers helpful in the
differentiation of ductal and lobular cancers. Further stud-
ies with larger sets of patients are needed to verify the gene
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PCR validation of microarray results for CTHRCI (1), ASPN (2), and COL3AI (3). Fluorescence signals from Affyme-
trix probe sets (225681 _at, 219087 _atand 211161 _s_at, respectively) and optical density of PCR bands (OD x cm) were
transformed to a percentage of the highest value. 1-10, case numbers; Tduc, ductal tumor; Tlob, lobular tumor; D, normal duc-

tal cells; L, normal lobular cells.
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expression profiles of various histological types of breast
cancer in order to determine molecular subclassifications,
prognosis, and the optimum treatment strategies.
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KAZUISTIKA

L)

Misni metastaza adenokarcinomu -

kazuistika

Spinal Cord Metastasis of Adenocarcinoma — Case Report

Souhrn

Metastazy adenokarcinomu do michy jsou vzécné a tvofi jen 1-3 % viech nadorl michy.
Autofi prezentuji piipad 74letého muZe s nahle vzniklou kvadruparézou a ndsledné
diagnostikovanym tumorem kréni michy. Migni expanze byla radikalng chirurgicky odstra-
néna a histologicky byla prokazana metastdza adenokarcinomu, pravdépodobné z co-
lon sigmoideum. Casna diagnostika mi%nich metastiz pomoc magnetické rezonance
a mikrochirurgickd technika resekce mohou ¢dsteén zlepsit prognézu a neurologicky
deficit pacientd. V dostupné literatufe je prezentovdno celkem 71 pfipadd chirurgické
lécby, ta je doporucena ve vybranych pfipadech, a to zvlaité u pacient s potencidlng ra-
diorezistentni metastazou. Cllem chirurgické |é¢by je dekomprese funkéni nervové tkané
a histologické ovéfenl pavodu nadoru. Doba preZitl po operaci je pfiblizné dvojnasobna
ve srovnani s neoperadnl terapii.

Abstract

Metastasis of adenocarcinoma to the spinal cord is a rare condition that accounts for
1-3 % of spinal tumours. The authors present the case of a 74-year-old man who sud-
denly developed quadriparesis and was subsequently diagnosed as a tumour of the cervi-
cal spinal cord. The spinal tumaur was removed surgically and a metastasis of an adenc-
carcinoma was shown  histologically, probably from the sigmoid colon. Early diagnosis
of spinal metastases by means of magnetic resonance and microsurgical resection can
improve prognosis and neurological deficit of patients to some extent. The available lit-
erature presents a total of 71 cases of surgery, which is recommended in selected cases,
in particular for patients with a potentially radio-resistant metastasis. The aim of surgery
is the decompression of functional nerve tissue and histological verification of the origin
of the tumour. Survival time after such an operation is approximately twice that when
therapy does not involve surgery.

Podékovanl: Molekularni vySetfeni nadoru bylo umoZnéna diky grantové podpofe Mi-
nisterstva Skolstvi, mladeZe a télowjchovy (LCO7017, MSM 6198959216) a Ministerstva
pramysiu (MPO 1H-PK/45) Ceské republiky.
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MISNI METASTAZA ADENOKARCINOMU — KAZUISTIKA

Uvod

Metastazy adenckarcinomu do michy
jsou vzacné, Projevi se klinicky jen u 0,1 a2
0,4% pacientd s adenokarcinomem,
tvofi jen 1-3% viech nadord michy
a asi B,5% metastaz celého centralntho
nervového systému (CNS) [1-3]. Casna
diagnostika mi&nich metastdz pomoci
magnetické rezonance a mikrochirur-
gicka technika resekce mohou ¢astedné
zlepdit progndzu a zmen3it neurologicky
deficit pacientd [3,4]. Cilem chirur-
gické resekce metastazy je dekomprese
funkéeni tkdné michy a histologické ové-
feni nédoru. Autofi prezentuji kazuistiku
pacienta s operovanou kréni midni me-
tastdzou adenokarcinomu a s vyuZitim
dostupné literatury diskutujl pfinos ope-
race pro pacienta. BéZné se pro oznaden|
misni metastazy pousivd zkratka ISCM
(Intramedullary Spinal Cord Metastasis).

Kazuistika

Muz ve véku 74 let, nekufak, bez histo-
rie nadorového maligniho onemacnéni,
udaval krev ve stolici a vahovy Ubytek
za poslednich nékolik mésicd. Byl proto
chystén ke kolonoskopickému vySetfent.
Mezitim ale dodlo nahle k rozvoji spas-
tické kvadruparézy s prevalenci na pra-
vostrannych konéetinach, pfedeviim na
pravé horni kondetiné s postizenim svald
ramenniho pletence a projevujici se ne-
schopnosti elevace kondetiny v rameni,
Obé dolni konéetiny udriel v Mingazzi-
nim, nebyl schopen chize a byl popsan
jednordzowy Unik stolice. Nasledné bylo
provedeno akutni vysetfeni magnetic-
kou rezananci (MRI) kréni patefe s na-
lezem intrameduldrni expanze ve vy3i
C4 s navazujlci syringomyelickou duti-
nou zasahujici v kranidlnim sméru po
medulla oblongata a v kaudalnim sméru
po Th 4. Expanze byla v T2 a STIR sek-
vencich hyposigndini a po aplikaci kon-
trastni [tky se sytila nepravidelna peri-
ferni ¢ast formace. Velikost tumoru byla
24 x 12mm se zfetelnym ohrani¢enim
oproti zbytku michy (obr. 1, 2). Pacient
byl od zagdtku léen kortikoidy (metyl-
predniselon) a neurclogicky stav se sta-
bilizoval do té miry, Ze nedodlo k roz-
voji plegie, Po dvou dnech od zacatku
piiznakd bylo indikovdno operadni od-

Obr. 1. MRI kréni patefe v sagitalni
roving, v T1 médu s kontrastem, pfed
operaci, na trovni C4 intramedularni
metastaza velikosti 24 x 12mm, sy-
tici se postkontrastné.

Obr. 3. MRI kréni patefe v sagitalni ro-
ving, v T1 médu s kontrastem, dva dny
po operaci, bez zndmek tumoru.

stranéni misni expanze. Z levostranné
hemilaminektomie C4, parcidlni hemila-
minektomie €3 a C5 a ze stfedodarové
myelotomie autofi kompletné odstra-
nili zéasti prokrvaceny, jinak hnédobé-
Zzowy, kfehky a relativné ohraniceny misni
tumor. Druhy den po operaci kontrolni
MRI s kontrastem potvrdila radikaini od-
stranéni a dekompresi michy (obr. 3, 4).
Operaéni rdna se zhojila bez komplikaci
a neurclogicky stav pacienta se mirné
upravil, zejména se zvetil rozsah elevace
pravé horni kongetiny. Hybnost delnich
konéetin zdstala zachovdna beze zmény
a pacient byl nadéle upoutan na liZko.
Bé&hem hospitalizace byla provedena
celotélova PET/CT (pozitronova emisni

Obr. 2. MRI kréni patefe v sagitalni
roving, ve STIR modu, pfed operaci,
na drovni C4 intramedulérni meta-
staza se syringomyelickou dutinou
kranidlné a kaud&Iné probihajici.

Obr. 4. MRI kreni patefe v sagitalni
roviné, ve STIR médu, dva dny po
operaci, bez zndmek tumoruy, se sy-
ringomyelickou dutinou.

tomografie/poditatova tomografie), kterd
prokazala mnohogetnd loZiska v plicich
ve viech plicnich polich, v paketu lym-
fatickych uzlin paraesofageding vpravo
a v zesflené sténé colon sigmoideum
v sile do 23mm. Nalez v sigmatu byl
hodnocen jako pravdépodobny pri-
mérni tumor a nalezy v lymfatickych uz-
lindch a plicich jako metastazy. Nasledna
kolonoskopie byla technicky obtiina
pro nedostatefné vyprazdnéni pacienta
a tumor colon sigmoideum nemohla
potvrdit. Vzhledem ke kachektizaci pa-
cienta nebyla onkologem indikovana
2adna nasledna onkologické léZba ani
dal3i vySetfeni. Pacient byl léfen pouze
symptomaticky v zafizen( nasledné péce
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azemfel 11 tydn( po operaci, pitva pro-
vedena nebyla.

Vysledky tumor marker(

CEA: 4,54 (hodnota zvjEend u nekufakd).
PSA: 0,75, PSA-volny: 0,19, fPSA/PSA
pomér 25,30, CA 19-9: pod 2,5, AFP
2,13 (normélni hodnoty).

Vysledek histologického

a imunohistochemického
vysetfeni (obr. 5)

Adenokarcinom metastaticky, vzhledem
k negativité CK7, CK20, TTF1 nelze blize
specifikovat orgdnovou primaritu.

Vysledek cytogenetickych

a molekularné genetickych
vysetfeni

Ke viem wvySetfenim byly vyulity nado-
rové bufiky z parafinového preparatu.
Vzhledem ke $patné kvalitd RNA z parafi-
nového bloku nebyla analyza expresniho
profilu na drovni mRNA na identifikaci
nadorl nezndmého primarniho plvedu
Uspdind. 7 téchto dlvodd, s ohledem na
nekufdctvi pacienta a plicni loZiska, jsme
se pokusili potvrditivylouéit plicni pivod
adenokarcinomu s pouZitim specifickych
znakd, aktivatnich mutaci EGFR1 genu

T

: e e A Ao v
Obr. 5. Histologické vy3etfeni metastazy adenokarcinomu do michy. Barveni
hematoxylin-eosin, zv&tieno 200krat.

a nepfitomnosti mutace genu KRAS,
které se u Casti nekufakd s plicni rako-
vinou vyskytuji. Metodou polymera-
zové fetézové reakce (Polymerase Chain
Reaction, PCR) byly testovany aktivujici
mutace v exonu 19 a 21 v genu EGFR
a mutace exonu 1 v genu KRAS. Ve
viech pfipadech mutace nebyla nalezena
a molekuldrni vyetfeni v tomto pfipadé
rovnéZ nezpfesnilo klinickou diagnézu.

Diskuze
Zatimco metastdzy do mozku nachazi
patolog asi v 20 % nadorovych autopsil
u pacientd s primarni malignitou mimo
nervovy systém, ISCM jen ve 2% [5,6].
Klinik diagnostikuje za #ivota pacienta
pouze 5% téchto minich metastaz [7].
Predpoklada se, Ze metastazy se do
michy dostanou arteridlnim Fefistém
a nikoliv vendzni nebo lymfatickou ces-
tou [8]. Diskrepance mezi frekvenci me-
tastaz v mozku a v mide miZe byt vysvét-
lena tak, 2e mozek pfijme jednu tretinu
srdeéniho wdeje pies velké cévy a pod
velkym tlakem, zatimco micha je cévné
zasobend spide z malych a klubkovitych
cév pod malym tlakem [1,9]. Navic me-
dularni arterie odstupuji z aorty v pra-
vém Uhlu, zatimco mozkové tepny jsou

viceméné pfimym pokracovanim ob-
louku aorty, a to umoZfiuje snazdi meta-
stazovani do mozku [10].

Nejcastéjsim zdrojem metastdz michy
je bronchogenni karcinom (tvofi 47 %),
zejména malobun&éna forma [3,8,11].
Méné castym primarnim tumorem me-
tastazujicim do michy je karcinom prsu,
melanom, lymfom a Grawitzdv tumor
[8,11]. Extrémné vzdcné jsou metastazy
kolonorektdiniho adenckarcinomu,
které tvoif jen 3% [12).

Stanoveni pfesné diagndzy miZe byt
obtizné i tehdy, kdy je znam primarni
nador, nebof nelze klinicky zcela jasné
odlisit misni metastdzu od ostatnich pfi-
gin myelopatie jako epidurdini meta-
stazy nebo paraneoplastické nekroti-
zujici myelopatie [13]. MozZnost misni
metastazy bychom méli spise zvaovat
u pacientd s historii maligniho nadoru
a soucasné v pfipadech rozvoje hemi-
parézy nebo hemihypestezie. Pravé asy-
metrie neurologické dysfunkce je typicka
pro midni metastazu a Brown-Seguar-
div syndrom se wyskytuje u 30-34%
téchto pacientd [3,14,15]. Rychla pro-
grese symptom( zase odlisi metastazu
od pomaleji se rozvijejictho primarniho
tumoru michy. Ve viech téchto pfipa-
dech je tedy namisté urgentni vyletfeni
michy magnetickou rezonanci.

Mektefi autofi se domnivaji, Ze radio-
terapie, chemoterapie ani chirurgicka
resekce nepfinsi pacientovi 2adny pro-
spéch [5,16]. Tyto nazory jsou ale oje-
dinglé. V lé¢bé midnich metastaz
mnoho autorli preferuje jen radiote-
rapii [1,8,17,18]. Je tfeba ale zddraz-
nit, Ze pozitivni efekt radioterapie ma-
zeme ocekdvat jen u radiosenzitivnich
metastdz, tedy u malobuné&&ného karci-
nomu plic, karcinomu prsu a lymfomu.
Jak jsme se jiz zminili, pravé tyto tfi typy
nadorl metastazuji do michy nejéas-
téji. Chemoterapie nema efekt na délku
preZiti pacientd ani na zmirnéni neuro-
logického deficitu [19], ackoli nékteré
studie uvadaji, Ze kombinace chemo-
terapie a radioterapie prodiuiuje pfe-
2itl pacient [11,20). Vzhledem k pfed-
pokladanému primarnimu zdroji ISCM
v colon sigmoideum byly u nadeho pa-
cienta provedeny i testy na moZnost

Cesk Slov Neurol N 2008; 71/104(5): 583-587

585

67



MISNI METASTAZA ADENOKARCINOMU —

KAZUISTIKA

pouZiti biologické é¢by. Na drovni DNA
jsme neprokdzali pfitomnost aktivacnich
mutaci EGFR1 genu, fasto nachdze-
nych u plicniho adenokarcinomu neku-
faki, co? jej zcela nevylucuje, nicméné
spide podporuje kolorektalnl pavod na-
doru. 5 ohledem na nepfitomnost mu-
taci genu KRAS mél pacient vysokou
pravdépodabnost terapeutického be-
nefitu z podani EGFR1 inhibitord. Tato
biologicka léba viak jiz nebyla apliko-
vana s ohledem na 3patny vykonnostni
stav pacienta a omezenou prichodnost
monoklondlinich protilitek do central-
niho nervového systému.

Chirurgické odstranéni metastdzy
michy byvd indikovéno stdle castéji,
a to zejména u pacientd s radiorezis-
tentnim primdrnim tumorem a pfi vy-
louceni leptomeningedini diseminace
nédoru [12,21]. V dostupné literatufe
je do zacatku roku 2008 prezentovano
celkem 71 pfipadd chirurgické 1é¢by
[9,12,22-40). Totalni resekce byla pre-
ferovdna v 68 % (48 pacientd) a subto-
talni v 32 % (23 pacientd).

Zlep3eni neurologického stavu po ope-
raci nastalo v 56 % (40 pacientd), beze
zmeény zastal neurologicky stav v 35 %
(25 pacientd) a zhorsil se v 9% (6 pa-
cientd). Doba pfetitl je pfiblizné dvojna-
sobnd ve srovnani s neoperacni terapil.
U pacientd konzervativné lééenych je
v priméru pét mésicd a chirurgicky fe-
Senych 9,4 mésicd [17,34).

Zavér
Ve vybranych pfipadech ISCM je dopo-
ruceno radikalni chirurgické odstranéni,
a to zvIasté u pacientd s potencidlné ra-
diorezistentni metastdzou, jak tomu
mizZe byt u metastazy adenokarcinomu
tlustého stfeva.

Cllem chirurgické &by ISCM je de-
komprese funkéni nervové tkané a his-
tologické ovéfeni plivodu nadoru.
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2.3.4  Minimalni rezidualni choroba u solidnich nadori

Molekularni detekce diseminovanych nadorovych bunék v kostni dfeni u pacientek
s éasnym karcinomem prsu metodou kvantitativni RT-PCR pro karcinoembryonalni

antigen
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Molecular detection of disseminated breast cancer cells in the bone marrow

of early breast cancer patients using quantitative RT PCR for CEA
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Carcinoembryonic antigen (CEA} s widely used as a serum tumor marker in vanous types of cancer. Several systems for
the CEA-R'T-PCR approach have been reported to date. In this study, we have evaluated the quantitative CEA-RT-PCR as
a diagnoste wol [or detection of solated tumor cells in bone marrow of early breast cancer patients pror to the administration
of any adjuvant systemic therapy.

We obtained bone marrow aspirates of 70 patients with stage [ (379 ), 1T (60% ), and I11{3% ) breast cancer who underwent
either immediate complete resection of the tumor or neoadjuvant therapy with subsequent curative surgery. mRNA was
isolated using QlAamp RNA blood mini kit {Qiagen ®). Subsequently quantitative RT-PCR for the expression of CEA has
been performed.

CEA transcripts were detected in samples from 29 (419%) out of 70 patients. With a median follow-up of 22 months we
observed 8 disease free survival (DFS) events including 4 systemic recurrences, 1 ductal in-sitn carcinoma (DCIS). 1 local
recurrence, and 2 deaths without wmour. Four DDFS events (2 systemic recurrences, 2 deaths without tumor} occurred in
patients with CEA transcripts in the bone marrow and 4 (2 systemic recurrences, 1 DCIS, 1 locoregional recurrence) in
patients withoul CEA in the bone marrow. There was a trend to shorter DES in the group with CEA in the bone marrow
(p=0.05548). Overall survival was not assessed because only 2 deaths (both in patients without umor) have been reported
Lo date.

Quantitative RT-PCR assay for CEA may be a useful tool for detection of occult breast cancer cells in the bone marrow.
Clinical and prognostic relevance of minimal residual disease using this technigque remains unproven. Our results should be

interpreted with caution with regard to 2 deaths in CEA positive group with no relationship to disease recurrence.

Key words: Breast cancer, Bone marrow, CEA, Occult twnor cells, Minimal residual disease

Early systemic spread of breast cancer cells is consid-
ered o originate metastatic foct in distant organs, yel
usually missed by conventional tumor staging [1]. Detec-
tion of occull tumor cells in the bone marrow of patients
with early breast cancer may have prognostic significance
and may contribute to development of new therapeutic strat-
egies [2]. Various methods have been applied including

* both authors equally contributed to the work
" Corresponding authors

immunocytochemical staining [3, 4] and the reverse tran-
scriplase-polymerase chain reaction (RT-PCR) [5, 6, 7].
The RT-PCR method has been sugeested as a procedure
giving sensitivity 10- (o 100- times higher than routine im-
munocytochemical methods [6]. However, RT-PCR in this
context has proven controversial, because the specificity
with which malignant cells can be detected depends on the
number of amplification cycles and the design of the prim-
ers. Majority of genes encoding tumor-associated
maolecules is not limited to tumor cells, but is also found in
certain normal tissues [8].
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Table 1. Patients* characteristics (in=70)
Charactenistics Patients
No. o
Age
Median 52
Range  28-To
Premenopausal i 39
Postmenopausal 43 6l
Stage
| 26 a7
1A 19 27
1B 23 33
1B 2 3
Node positive disease 35 S0
Hormone receptors positive 62 39
Histology
Invasive ductal carcinoma 53 6
Invasive lobular carcinoma 14 20
Mixed ductallobular carcinoma 3 4
Chemotherapy
Neoadjuvant (FyaC” 4 6
antracylines-taxanes 3 4
letrozole 1 1
Adjuvant
(FACHIEC ® 37 53
M 5 T
aniracylines-taxanes O 13
Tamoxifen 52 74
Anastrozole 2 3

T {PACAFIEC: (fluorouracil), doxorubicin, cyvclophosphamided/(flucrouracil),
epirubicin, cyclophosphamide
“CMEF: cyclophosphamide, methotrexate, fluorouracil

Carcinoembryonic antigen {CEA) was originally described
as a glycoprotein molecule with an oncofetal expression pat-
tern. It is widely used as atumor marker of a variety of
carcinomas, especially colon and breast cancer [9, 10]. Sev-
eral systems for the CEA-RT-PCR approach have been
reported to date. Gerhard et al. [6] have established a sensitive
assay for the specific detection of CEA-expressing umor cells
in the bone marrow of patients with colorectal cancer and
CEA-positive carcinomas. Their study has shown that the
amplification of CEA-specific mRNA will allow specific and
sensitive detection of single CEA- expressing tumor cells in
62 samples of the bone marrow and peripheral blood cells.
Recently, Berois et al. [11] presented a study with 46 patients.
CEA expression in the bone marrow was found in 17% of
patients. Prognostic impact was not determined. Mitas et al.
[12] have used quantitative CEA-RT-PCR. for detection of
occult tumor cells in axillary lvmph nodes of breast cancer
patients,

In this study, we have evaluated the quantitative CEA-RT-
PCR as diagnostic ool for detection of isolated tumor cells in
bone marrow of early breast cancer patients prior (o the ad-
ministration of any adjuvant systemic therapy.

Patients and methods

Patient and control population. Samples of bone marrow
from siernum or iliac crest were obtained from patients with
primary breast cancer treated in the Department of Oncology
First Faculty of Medicine, Prague, Czech Republic. All pa-
tients enrolled were either post primary surgery wilh no
evidence of disease or prior to a neoadjuvant therapy in case
of locally advanced disease. Patients were enrolled between
March 2001 and June 2004. Selection criteria included pre-
sentation with primary breast cancer stage I, I, and T
according to AJCC [13], completion of an appropriate cura-
tive surgical procedure, or planned neoadjuvant therapy with
curative intent. A total of 70 patients who satishied these cri-
teria were chosen: 20 (37 %) with stage 1, 19 (27 %) with
stage 1TA, 23 (33 %) with stage 1B, and 2 (3 %) with stage
MIB. Detailed patients’ characlenstics are listed i Table 1.
All patients received adjuvant therapy according o either St
Gallen consensus from 2001 [14] or from 2003 [15]. Adju-
vant chemotherapy with antracyveline, non-antracyeline, or
antracycline-taxane based regimen was delivered to 51(73 %)
patients. Among 62 (39 %) patients with expression of hor-
monal receptors, 54 (77%) patients received appropriate
adjuvant hormonal treatment with cither tamoxifen or
anastrozole. Eight receptor positive patienis did not receive
adjuvant hormonal therapy because they had not finished ad-
Juvant chemotherapy or radiotherapy at the time of analysis.
Nine premenopausal patients with persisient ovarian function
underwent ovarian ablation either with goserelin or surgery
in addition o hormonal therapy. Patients were treated with
breast radiation when breast-conserving surgery had been
performed. Patients with more than 3 positive axillary lymph
nodes underwent axillary radiation. All individuals were ob-
served for disease recurrence and death. Reference values for
the basal expression of CEA in hematopoietic tissue were
obtained from blood of healthy volunteers.

The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the institutional Ethical
Review Board. All patients or volunieers signed a writien in-
formed consent document.

Bone marrow/blood aspiration. To avoid epithelial contami-
nation of bone marrow samples, the skin was incised before
the aspirates were taken to minimize the risk of epithelial con-
tamination. Between 0.5ml and 7.5ml (median 1.5ml) of bone
marrow was aspirated from sternum (49 patients) or posterior
ihiac crest (21 patienis) using disposable 15-gauge (1.8 mm)
bone marrow needles (Allegiance Healthcare Corporation,
McGaw Park, 11., USA) into syringes primed with EDTA.
Peripheral blood of healthy donors was sampled from cubital
vein into EDTA containing tubes. The samples were immedi-
ately processed as described in this section below (see RNA
isolation and reverse transcription). Bone marrow aspiration
cither from sternum or posterior iliac crest as well as blood
samples vielded sufficient amount of RNA for subsequent
procedures.
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RNA isolation and reverse transcription. Total RNA was
extracted from bone marrow aspirates or blood using the com-
mercial kit (QLAamp RNA Blood Kit, Qiagen, Valencia, USA)
according o the manufacturer’s protocol for fresh blood
samples preparations. Concentration and purity of isolated
RNA was assessed by a UV spectrometry. Three micrograms
of total RNA were used for reverse ranscription in a final
volume of 30 pl. RNA solution was pre-incubated with 0.3
g of random primers (Promega, Madison, W1) at 70 “C for 5
minutes and immediately put on ice afterwards. Then 6 pl of
S reverse transcriptase buffer RevertAid (Fermentas, Vilnius,
Lithuania), 3 ul of 10 mM deoxyribonucleotide triphosphales
(ANTPs) and (.75 pl of ribonuclease inhibitor RNAsin (40 U/
pl} (Promega, Madison, WT) were added and left for 5 min-
ules at room lemperature. In the inal step, 150 U of Moloney
murine leukacmia virus reverse transcriptase RevertAid
(Fermentas, Vilnius, Lithuania) was added to cach tube and
samples were incubated at 42 °C for 60 minutes. Finally, re-
verse iranscriplase was heat inactivated at 95 °C for 5 minutes.

Ouantitative RT-PCR. Carcinoembryonic antigen was in-
volved as a marker of minimal residual disease using
modification of previously published method based on quan-
titative real-time PCR [16]. Primers were selected using
PrimerPremicr3 software and NCBI Reference sequences.
Specific primers from two different exons and probes were
selected (Generi-Biotech, Hradee Kralove, Crech Republic)
(o span introns to reduce amplification of contaminating ge-
nomic DNA. Following primers and probe were used: CEA3
S-TAA GTG TTG ACC ACA GCG ACC C-3, CEA4 5-
GTT CCC ATC AAT CAG CCA AGA A-3', CEA probe
S-ATG TCC TCT ATG GCC CAG ACG ACC C-3-BHQI1-
HEX, the length of the PCR product was 167 bp. RQ R1-PCR
reaction was performed in 25 pl reaction volume consisting
of I U of HotStart Taq Polymerase, 3 mM MgCl,, 10x PCR
buffer (AB Gene, Epsom, UK), 200 uM dNTPs (Promega,
Madison, WT, TISA), 100 ng cDNA, 300 nM CEA3, 600 nM
CEA4 and 200 oM CEA probe. The optimized thermal pro-
hle for amplification was iniliated with 15 minutes Tag
polymerase activation at 96 °C, followed by 50 cycles at 95
°C for 15 s and 65 °C for 15 s. Standards were manufactured
by cloning of longer DNA fragments (513 bp) prepared by
PCR amplification using primers CEAJ3outer (5-ACA G1C
TAT GCA GAG CCA CCC AAA-3) and CEAdouter (5" -
GCT GTG GCC ACT GGC TGA GT - 3. Amplified DNA
was cloned applying Topo TA Cloning Kit into pCR 2.1-Topo
plasmid (Invitrogen, Carlsbad, California). Concentration and
purity of isolated plasmid DNA was assessed by UV absor-
bance method. Caleulation of CEA absolute copy number in
plasmid DNA was based on known plasmid molecular weight
and Avogadro number (6.0236x 107 molecules.mol"). Gene
expression was guantilied based on calibration curves using
appropriately diluted cloned gene specific standards ranging
between 107 — 107 copies per reaction (Figure 1). Each sample
was analyzed in duplicate. Positive and negative controls were
also incorporated into each experiment in order to evaluate

BcT R=0,93368 R"2=0,99336 Efiiciency=102
M=0304 B=12086
L
-\__\--H-ﬁ"'-\-\_._
] e
k| T
T e —
10 B _H“""“H-. -
(]
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Figure 1. Typical example of calibration curve used for quantitative
analysis of CEA gene expression. Ten-fold serial dilutions of standard
Pl id IDNA cloned Trag) of CEA gene were made in
1mM Tris buffer. Individoal dilutions corresponded to 10° — 10 copies
per reaction. Each sample was analyzed in duplicate and only mean
values were plotted.

reproducibility and eventual sample contamination during the
PCR procedure, The final results were presented as absolute
copy numbers of CEA mERNA per 1 pg of rotal RNA,

Statistical analysis

Statistical analysis was performed using software Statistica
version 6 (StatSoft © 2003). We assessed correlation between
CEA expression and other prognostic variables such as tu-
mour size, infiltration of axillary lymph nodes, number of
nodes involved, hornmone receplors expression, histological
type, and tumor grade. Furthermore, we performed univariate
analysis of CEA in bone marrow and discase free survival
{DES), distant metastasis free survival (DMES) and relapse
free survival (RES). DES was defined as the time from enter-
ing the study to distant metastasis, locoregional recurrence,
contralateral breast cancer, ductal carcinoma in-situ (DCIS),
or death without tumor. DMFES was defined as the tme from
entering the study o distanl metastasis. RES was delined as
the time from entering the study to distanl melastasis,
locoregional recurrence, contralateral breast cancer, or duc-
tal carcinoma in-situ (DCLS).

Results

We have successlully introduced sensitive and robust real
lime PCR method for quantitative determination of CEA ex-
pression in bone marrow and blood of breast cancer patients
and/or healthy volunteers as a marker of minimal residual dis-
ease. The results of gene expression were normalized rather
1o the amount of total cellular RNA than 1o housckeeping
gene(s) in order to avoid inter- and intra- individual variabil-
ity. Since the background CEA mRNA expression was also
found in non-malignant hematopoietic tssues, we have deter-
mined normal reference values analyzing illegitimate CEA
transcription in the blood of 58 adult healthy blood donors.
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Low levels of CEA mRNA expression were detected
in all tested control samples. Mean value of CEA
expression was 83£63,9 gene copies per pg of RNA.
Cut-oft value for minimal residual disease positiv-
ity in hematopoietic compartments was determined
as 250 copies/ug of RNA (mean value plus 2 SD).
None of the healthy donors had CEA expression
above the cut-off value.

Bone marrow aspirates from 70 patients were
collected prior to administration of any systemic
therapy. Satisfactory amouni of mRNA was ob-
tained in all 70 patients cnrolled. CEA mENA
transcripts were detectable in bone marrow of 29
(41%) paticnts (Table 2). The majority of these pa-
tients had stage 11 disease: 9 stage 1A and 9 stage
ITR. Ten paticnis had stage T and only one had stage
HIB. Shightly more than half of them (15/52%) had
N+ disease (involvement of axillary lymph nodes).
When compared to other prognostic features there
was no correlation with tumor grade, hormone re-
ceptor status, and histological type (respectively:
r=-0.22; r=(; r = 0.06; p=0.05 in all cases).

The median follow-up period at the time of analy-
sis was 22 months (range, 2 to 45 months). Eight
patients (9% ) had experienced events recorded for
DFS. 4 patients developed distant metastases, |
locoregional recurrence, 1 DCIS, and 2 died with-
out tumor (pulmonary embolism with no recurrence
on the autopsy and 1 car accident). Among paticnts
with CEA transcripts in the bone marrow we ob-
served 2 systemic recurrences and 2 deaths without
tumor. In patients without CEA in the bone mar-
row 2 systemic recurrences have been reported, 1
DCIS and 1 locoregional relapse. There was a trend
1o shorter DES in the group with CEA in the bone
marrow, however it was just above the level of sta-
tistical significance (p=(1.05548, Gehan-Wilcoxon).
There was no difference between both groups as
regards to DMES and RFS (respectively: p=0.271,
p=0.37231). DFS, DMFS, and RES curves are dis-
played in Figure 2A-C. Since only 2 deaths (both
not related 1o tumor) have been reported o date,
overall survival has not been evaluated,

Discussion

The detection of occull wmor cells in the bone
marrow of patients with early stages breast cancer
might contribule © more accurate staging predicting
disease relapse and shorter overall survival [17]. Sev-
eral markers including cylokeratins, mammaglobin,
and maspin have been tested to date for RT PCR de-
tection of minimal residual disease in patients with
various carcinomas including breast cancer [18, 19,
20]. CEA was invesiigated as a marker of occult tu-
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mor cells in lymph nodes, samples ol peripheral blood, and
bone marrow aspirates. Min ct al. [21] has shown excellent di-
agnostic utlity of K1 PCR CEA in detection of occult tumor
cells in sentinel lymph node biopsies. Mitas et al. [12] achieved
similar results using quantitative R1T PCR technmigue. In oppo-
sition others concluded that CEA had little diagnostic value in
the same setting [22]. Unfortunately, all of these studies in-
cluded small number of patients (from 17 o 22), thus no
conclusion could have been drawn. Similar conflicting results
were obtained when using peripheral blood [23). Based on the
review of hiterature, CEA mENA transcripts in the bone mar-
row were found lrom 17.4% 10 67 % of patients. Gerhard el al,
[6] detecied CEA using RT PCR in 4 out of 6 breast cancer
patients. Zhong et al. [24] detected CEA in 27.8% of patients in
the largest series published 1o date (181 patients alter breast
surgery ) using the similar technigue. Berois etal. [11] reported
the smallest proportion of CEA positive bone marrow samples
(17.4%: & out of 46 patients). We diagnosed minimal residual
disease in 41% (29 out of 70) early breast cancer patients using
the quantitative RT PCR technique.

In previously published studies the presence of minimal
residual disease in the bone marrow using various immuno-
histochemical assays was identified as an independent negative
prognosic factor for disease free and overall survival of early
hreast cancer patients | 17]. Moreover, just recently published
meta-analysis confirmed these findings [25]. CEA as a marker
of occull tumor cells in peripheral blood showed negative
prognostic value in patients with colorectal and non-small cell
lung cancer [26, 27]. In breast cancer, Jotsuka et al. [28] pub-
lished results from series of 101 consecutive early breast cancer
patients. They identified that CEA mRNA transcripts detected
in peripheral blood adversely alfected patients’ prognosis,
Stathopoulou et al. [29] evaluated CEA in blood samples from
patienis with breast, colorectal or hematological malignan-
cies without reporting survival data. No larger study
concerning prognostc value of CEA in the bone marrow has
been published thus far. Overall in our study in the median
follow up of 22 month we observed 8 DES events, 4 in pa-
tients with CEA transcripts in the bone marrow. However 2
events in the group with CEA in the bone marrow were not
tumor related. There was a trend to shorter DFS in the group
with CEA in the bone marrow, which is, however, just above
statistical significance (p=0.05548). This finding was not con-
firmed by means of DMES and RES. DFS data should be
interpreted with extreme caution since it may be influenced
by 2 tumor unrelated death in the subgroup with proven CEA
transcripts in the bone marrow, No correlation with other clini-
cally used prognostic variables has been found. Our study
showed that CEA might be used as a marker of minimal re-
sidual disease in the bone marrow of patients with early stages
breast cancer, however its specificity should be further evalu-
ated on bone marrow samples of healthy volunteers to exclude
the possibility of illegitimate transcripis in normal bone mar-
row. The prognostic significance of CEA remains (o be further
investigated.

Table 2. Distribution of CEA in the bone marrow according to the stage

and axillary lymph nodes involvement.
CEA + /%

29out el 70/ 41

CEA- /%
41 out of 7O /59

All patiens (N=70)

Stage | 10 out of 29 /35 16 out of 41 /39
Stage 1TA 9 out of 29 /31 10 out of 29 / 25
Stage 1B Sout of 29 /31 14 out of 29 /34
Stage 111B Tout of 29/ 3 Louof 20/2

Axillary lvmph 15 out of 29 /52 20 out of 29 /49

naodes involvement

No correlation observed between CEA in the bone marrow and other
prognostic variables.

The study was supported in parts by grant projects NR7804, MPO
LH-PK45 and the research concepts MSMOO21620808 and
MSMB198959216.
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2.3.4.2 Mikrometastatické postizeni sentinelovych lymfatickych uzlin u karcinomu prsu
Spravny staging nadorového onemocnéni je nezbytnym podkladem pro stanoveni prognozy a
terapie. V piipad¢é karcinomu prsu je pro staging dulezité vySetfeni axilarnich lymfatickych
uzlin. Exenterace axily je vSak zatizena nemalou morbiditou, zejména vznikem lymfedému.
Vysetfenim sentinelovych lymfatickych uzlin u pacientek s karcinomem prsu je mozno se
v piipadé nepfitomnosti metastdz vyhnout nasledné exenteraci axily. Postizeni sentinelové
uzliny totiz se zna¢nou senzitivitou a specificitou predikuje postizeni axilarnich uzlin. Bohuzel,
u tfetiny az poloviny pacientek skarcinomem prsu klinického stadia 1-1l a bez postizeni
lymfatickych uzlin doché&zi k recidivé onemocnéni. V ptedkladané praci jsme se zabyvali
prognostickou hodnotou mikrometastického postizeni sentinelovych lymfatickych uzlin u
pacientek s karcinomem prsu.

Na pfitomnost mikrometastatického postizeni sentinelovych lymfatickych uzlin byl vySetfen
soubor 44 pacientek operovanych pro karcinom prsu ve FN Olomouc v letech 2004 — 2007.
Median sledovéani souboru byl 25,1 (21,1-28,8) mésicli, median doby do progrese 17,4 (10,1-
21,1) mésict. Blizsi charakteristika souboru viz Tab. 8. Chirurgicky vykon byl proveden ve
100% piipadi, u 61% byla provedena ablace, v 39% se jednalo o kvadrantektomii s naslednou
radioterapii. Peropera¢né byla pomoci radiofarmaka a gama kamery detekovana sentinelova
lymfatickd uzlina, ktera byla po preparaci rozpilena. Polovina sentinelové uzliny a axilarni
uzliny byly vySetieny standardné histopatologicky (prokrajeni, IHC barveni) a druha polovina
sentinelové uzliny byla vySetfena metodou QRT-PCR. U vSech pacientek byla nésledné
provedena standardni exenterace axilly, vySetfeni vSech spadovych uzlin a nodalni staging.
Pacientky byly dale 1éCeny a dispenzarizovany dle platnych standardnich protokola 1éCby.
Metodou QRT-PCR byla v sentinelovych lymfatickych uzlinich stanovena mira exprese
markert CEA, mamaglobinu a CK 19. Jako mikrometastaticky pozitivni byly oznaceny ty
uzliny, kde mira exprese alespoti jednoho z vySetfovanych markert pfesahla stanovenou cut-off

hodnotu (Tab. 3).
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Tab. 8 Charakteristika souboru pacientek s karcinomem prsu

Pacientky (N=44)
No. %
Vék
Median 57
Rozmezi 28-80
Stadium
0 2 5
| 16 36
A 8 18
1B 7 16
A 4 9
1B 1 2
v 2 5
ND 4 9
N+ (postiZzeni spadovych axilarnich uzlin; N1+N2) 16 | 36
Histologie
Invazivni duktalni karcinom 31 74
Invazivni lobularni karcinom 10 24
Kribriformni karcinom 1 2
Grading
G1 4 12
G2 14 | 41
G3 16 | 47
Chemoterapie
Neoadjuvantni (Doxo+NVB) 1 2
Adjuvantni 18 42
(F)AC/(F)EC 11 61
CMF 4 22
antracyklin-taxan 3 17
Radioterapie 34 80
Hormonoterapie 26 67

Histopatologickym vySetfenim bylo prokdzano mikrometastatické postiZeni sentinelovych uzlin
u 36% pacientek (16/44). QRT-PCR vysetienim sentinelovych uzlin jsme prokazali ptitomnost
mikrometastaz az u 59% pacientek (26/44). VSechny histopatologicky pozitivni uzliny byly
zaroven QRT-PCR pozitivni. V souboru 28 pacientek s histopatologicky negativnimi
sentinelovymi uzlinami jsme metodou QRT-PCR detekovali mikrometastické postizeni u 10
pacientek (36%).

Bylo provedeno statistické zhodnoceni dat. Prokazali jsme, Ze absolutni kvantifikaci genové

exprese lze dle vySe exprese testovanych markeri odhadnout, zda-li bude i druha polovina
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testované  lymfatické wuzliny pozitivni také  histopatologicky.  Napf.  exprese
karcinoembryonalniho antigenu nad 250 kopii/ug RNA zna¢i pfitomnost mikrometastiz,

exprese CEA nad 25 000 kopii/ug RNA jiZ predikuje histopatologickou pozitivitu (Obr. 5).
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Obr. 5 Exprese CEA v jednotlivych sentinelovych lymfatickych uzlinach, cut-off

hodnoty pro stanoveni molekuldrni, resp. histopatologické pozitivity

mikrometastického postizeni.

Statistickou analyzou parametrti pieziti byla zhodnocena prognostickd hodnota pfitomnosti
mikrometastaz v sentinelovych lymfatickych uzlinach. Vzhledem Kk relativné kratké dobé
sledovani (median 25,1 mésicit) byla hodnocena ptitomnost mikrometastaz k délce obdobi bez
znamek onemocnéni (disease free survival, DFS). Pii hodnoceni celého souboru 41 pacientek,
nebyl nalezen statisticky vyznamny rozdil v DFS (p<0,76) mezi pacientkami s histopatologicky
pozitivnimi ¢i negativnimi sentinelovymi uzlinami (Obr. 6), coz lze vysvétlit kratkou dobou
sledovani. Ve skupiné 13 pacientek s pozitivnimi uzlinami doslo ke dvéma generalizacim
onemocnéni s naslednym umrtim. Ve skupin€ 28 pacientek s negativnimi uzlinami doSlo ke
dvéma lokalnim recidivam (lymfatické uzliny, jizva) a dvéma generalizacim, z nichZz jedna

skoncila imrtim pacientky.
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Obr. 6 DFS analyza dle histopatologické pozitivity sentinelovych uzlin

Pfi rozdéleni souboru 44 pacientek dle QRT-PCR pozitivity mikrometastatického postizeni
sentinelovych uzlin, byl zjistén rozdil v DFS mezi pacientkami s QRT-PCR pozitivnimi a
negativnimi sentinelovymi uzlinami, ktery nebyl statisticky signifikantni (Obr. 7), avSak byl
vyrazné&j$i nez v piipadé histopatologicky pozitivnich uzlin. Pacientky s QRT-PCR pozitivnimi
uzlinami maji kratSi DFS a vysSi riziko rozvoje recidivy v relativné kratkém intervalu od
diagnozy, nez pacientky suzlinami QRT-PCR negativnimi. Ve skupiné 26 pacientek
S pozitivnimi uzlinami doslo ke ¢tyfem generalizacim onemocnéni a tfem naslednym umrtim.
Ve skuping 18 pacientek s negativnimi uzlinami do$lo pouze k jedné recidivé (recidivé v jizvé)

a k Zadnému Gmrti.
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Obr.7 DFS analyza dle QRT-PCR pozitivity sentinelovych uzlin

Pokud jsme se zaméfili pouze na pacientky s histopatologicky negativnimi sentinelovymi
lymfatickymi uzlinami (28 pacientek) a rozdélili jsme je dle QRT-PCR pozitivity
mikrometastatického postizeni, zjistili jsme opét rozdil v DFS mezi obéma skupinami, ne vsak
statisticky signifikantni (p<0,16) (Obr. 8). Ve skupiné pacientek s histopatologicky negativnimi
uzlinami (pT1-2NOMO), maji pacientky s QRT-PCR pozitivnimi uzlinami kratSi DFS a vyssi
riziko rozvoje recidivy, nez pacientky s uzlinami QRT-PCR negativnimi. Ve skupingé 10
pacientek s QRT-PCR pozitivnimi uzlinami doslo ke dvéma generalizacim onemocnéni, jedné
lokalni recidivé a jednomu naslednému Gmrti. Ve skupiné 18 pacientek s negativnimi uzlinami
doglo pouze k jedné recidivé (recidivé v jizvé) a k zadnému Gmrti. Zadna z téchto &tyt pacientek

neobdrzela systémovou adjuvantni chemoterapii (Tab. 9).
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Obr. 8 DFS analyza dle QRT-PCR pozitivity sentinelovych uzlin — soubor
histopatologicky negativnich (pT1-2NOMO) pacientek s karcinomem prsu
Tab. 9 Charakteristika souboru pT1-2NOMO pacientek s karcinomem prsu, u nichZ
doslo k recidivé nddorového onemocnéni
No. THNM M (pozitivni / vy3etieno)| Histologie G |Operace| CHT RT HT Recidiva Terapie
Ablace,
1 pT1bNOMO 0/18 inv.dukt.ca | ND KE 0 50+10Gy 0 v jizvé AC+Herceptin
2 pT1chNOMO 014 inv.dukt.ca 1 KE 0 50Gy Tamoxifen |generali + |BSC
CMF, RT 50Gy,
3 pT1cNOMO T inv.dukt.ca 2 AE 0 0 Tamoxifen |lymf. uzlina Aromasin
4 pT2NOMO [oi:] inv.dukt.ca 1 AE 0 50Gy 0 ger lizace Aromasin
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2.3.4.3 Minimalni rezidualni choroba u pacienti s kolorektalnim karcinomem — pilotni
studie

Minimalni rezidulni nddorova choroba u kolorektalniho karcinomu — novy prognosticky

marker v onkochirurgii
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Souhrn

Cil: Zjistit vyznam detekce minimalni rezidualni nadoro-
vé choroby (MRD) u kolorektalniho karcinomu (KRK)
pro klasifikaci, prognozu a léébu pacientl s timto one-
mocnénim.

Metodika: Detekce rezidualni nadorové choroby u KRK
je provadéna na nadem pracovisti v ramci feSeni grantu
IGA MZ CR NR/7804-5. Jedna se o vyzkumny projekt na
léta 2004 — 2008. Odbér materidlu k laboratomni detek-
ci rezidudini nadorové choroby provadime ve dvou fa-
zich operaéniho vykonu a pii naslednych ambulantnich
kontrolach nemocného.Na poéatku operace odebirame
kostni dfefi, systémovou krev a portalni krev po kany-
laci mesenteriaini vény. Druhou skupinu odbérd tvofi
systémova a portalni krev, které odebirdme na zavér
operace po odstranéni primamiho tumoru resp. meta-
stazy. Posledni skupinu vzorku (kostni dfef a systémo-
vé krev) ziskavame pii ambulantni kontrole v odstupu
jednoho mésice od operace, pfed pfipadnym zahajenim
adjuvantni lééby. Laboratorni detekci nadorovych bunék

2. Objem nadoru souvisi s pozitivitou MRD v kostni dfe-
ni, na rozdil od invazivity (hloubka prorustani), kde
vztah zatim nenachazime.

3. Ve vsech stadiich TNM je pokles MRD v kostni dfe-
ni mésic po operaci. V&tSi je u méné pokroéilych tu-
morl.

4.V dobé operace byla pozitivita MRD alespori v jednom
z vySetfovanych kompartmenti 33 % a po operaci do-
&lo k poklesu pozitivity na 25 %.

| 5. Pozitivita reziduéini nadorové choroby u nemocnych

se synchronnimi jaternimi metastazami byla v dobé

operace 45% oproti 24% u metastaz metachronnich.
Po odstranéni jateriho loZiska bylo kontrolni vySetfeni
u synchronnich metastaz pozitivni u 30% pacient ver-
sus 13% u metastaz metachronnich.

Zavér: Vysetieni minimalni rezidualni choroby u kolo-
rektalniho karcinomu a jaternich metastaz se jevi jako
perspektivni ukazatel zpfesiujici klasifikaci nadorového
onemocnéni a v budoucnu mozna i vyuZitelny pii dis-
penzarizaci a indikaci onkologické adjuvantni lecby.

' Minimal residual disease in patients

v kostni dfeni a krvi provadime metodou RT-RQ-PCR- |

-marker CEA.

Vysledky: V' obdobi 3/2004 — 7/2006 bylo operovano
a kompletné vysetfeno celkem 255 pacientl s KRK,
u kterych byla provedena resekce primarniho tumoru
stfeva a dale 36 nemocnych s jaternimi metastazami
KRK.

with colorectal carcinoma: the new
prognostic marker in oncosurgery

Summary

Abstract

Aim: Minimal residual disease (MRD) in patients with
colorectal carcinoma (CRC) assessment and its role in
classification, prognostics, and therapy of patients with
the disease.

Methods: Detection of residual disease in patients with
colorectal carcinoma (CRC) has been performed in our
department within the framework of the project IGA
MZ CR NR/7804-5. The research covers the period of
2004-2008. Sample material extraction for the laboratory
detection of residual CRC disease is performed during
two phases of surgical intervention and subsequently
during the check-ups in the out-patient’s department. At
the beginning of surgery, bone marrow, system blood,
and portal blood after cannulation of mesenterial vein
are sampled. The other group of samples includes
system and portal blood extracted during the final
stage of surgery, after the removal of primary tumour,
or metastasis, respectively. The last portion of samples
(bone marrow and system blood) is obtained during the
check-up one month after the intervention, before the
commencement of adjuvant therapy. The method RT-
RQ-PCR-marker CEA s used for the laboratory detection
of tumour cells in bone marrow and blood.

Results: Bet 3/2004 and 7/2006 255 patients with

V dosavadnich vysledcich byly zjistény tyto isticky

signifikantni zavislosti:

1. Pozitivita lymfatickych uzlin (N status) koreluje s pozi-
tivitou rezidualni nadorové choroby v portalni a systé-
moveé krvi.
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CRC were operated on and complex examination was
carried out. In the 255 patients the resection of primary
colorectal carcinoma was performed. Another 36 patients

| treated had colorectal carcinoma metastases in liver.
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The results obtained suggest the following statistically

significant correlations:

1. Positive N status correlates with positive residual dise-
ase of CRC in portal and system blood.

2. The volume of cancer correlates with positive MRD |

findings in bone marrow. On the contrary, the correla-
tion with invasiveness (depth of intergrowth) has not
been reported.

3. In all stages of TNM the decrease of MRD in bone
marrow one month after the intervention was recor-
ded. The difference is more significant in less develo-
ped tumars.

4. At the time of surgery, MRD was positive at least in

one of the compartments examined at 33%, after the |

intervention there was decrease to 25%.

5. Positivity of residual disease in patients with concur-
rent liver metastases reached at the time of surgery
45% compared to 24% in case of metachronous me-
tastases.

After the removal of the liver focus, the check-up proved

positive finding in 30% of patients with synchronous me-

tastases, compared with 13% in case of metachronous
metastases.

Conclusion: Detection of minimal residual disease of co-
lorectal cancer and liver metastases appears to be a pro-
spective marker specifying the classification of tumorous

S uréenim pokrodilosti nadorového onemocnéni samo-
zfejmé Uzce souvisi stanoveni prognozy a cilena indikace
adjuvantni lecby.

Metodika

Od roku 2004 jsme zahajili v ramci feSeni grantového pro-
jektu planovaného do roku 2008 vySetiovani MRD u ope-
rovanych pro kolorektaini karcinom. Provadime odbér
vendsni a portalni krve a kostni dfené vzdy na pocatku
operace, na zavér operace pak znovu venézni a portalni
krev a jeden mésic po operaci pred zahajenim eventualni
adjuvantni lécby znovu vySetfime vendzni krev a kostni
dfen. Portalni krev odebirame ze zakanylované odvodné
Zily od tumoru, & pfimo z v.portae. Vzorky vySetfujeme
v laboratofi experimentalni mediciny pfi détské klinice LF
UP v Olomouci .

Vysetfeni se provadi metodou RT-RQ-PCR - marker
CEA. Vsichni nemocni jsou trvale dispenzarizovani podle
stanoveho protokelu Eleny naseho tymu. Ziskané labora-
tomni vysledky budou analyzovany a konfrontovany s kli-
nickym nalezem operovanych po tfi az pétiletém sledo-
vani. V této praci podavame prvou predb&znou zpravu
o nasich vysledcich po dvou letech trvani projektu.

Klinicky soubor
W letech 2003 — 2005 bylo na |l. chirurgické klinice FN

| aLF UP v Olomouci provedeno 594 kurativnich resekci

condition. In the future it may be useful in dispensary care |
| tivni studii zagali u operovanych vySetiovat MRD. Podle

and as the indication for oncological adjuvant therapy.

Uvod
Minimalni rezidualni nadorovou chorobou (MRD = minimal
residual diseases) oznacujeme pfitomnost izolovanych &

kolujicich nadorovych bunék v krvi, kostni dfeni, miznich |

uzlinach a télnich dutinach napf. peritonedini duting. Tyto
bufiky jsou povaZovany za prekurzor vzniku vzdalenych
metastaz. MRD nelze zaméhoval za mikrometastazy, co2
jsou shluky nadorovych bunék se stromalnimi burikami
(clustry) do velikosti 2 mm. Oba tyto slavy nemusi nutné
vyustit ve vznik manifestnich nadorovych metastaz a za-
tim nejsou zndmy pfesné mechanismy, za jakych okol-
nosti k tomu dochazi. Koncentrace téchto nadorovych
bunék ve zkoumanych vzorcich je pod detekénim limitemn
klasickych cytologickych metod a obtizné jsou prokazatel-
né i imunohistochemickymi vySetfenimi. AZ rozvoj novych
molekularné biologickych metod umeoZfiuje zkoumani
MRD na nové kvalitativni drovni.

Vyznam prikazu MRD u kolorektainiho karcinomu a u so-
lidnich nadond vibec neni zatim pfesné vyhodnocen.
V teoretické roviné lze pfedpokladat, Ze by toto vySetfeni
mohlo pfispét k zpfesnéni klasifikace a progndzy a stano-
veni cilené adjuvantni lééby. Uréeni rozsahu a pokrodi-
losti nadorového onemocnéni se oznaéuje jako ,staging”.
VyuZiva se pfitom soucasnych zavedenych vySetfeni jako
je ultrazvuk, vypocetni tomografie atd, Tyto metody viak
nemaji dostateénou citlivost pro detekci asnych stadii
metastazovani a pravé prikaz MRD mdZe v budoucnu
zpfesnit uréeni pokrocilosti a klasifikace nadord. Pro ur-
ceni téchto éasnych, dosud béZnymi metodami neposti-

Zitelnych stadii se zagina uZivat oznaceni _ultrastaging™. |
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pro koloreklalni karcinom. Od roku 2004 jsme v prospek-

stanovené metodiky tak bylo vySetfeno v obdobi 2004//3
— 200647 281 nemocnych. Charakleristika naseho sou-
boru vyplyva z tabulky 1 a grafii 1,2,3,4.

Vysledky
Toto prubéiné hodnoceni analyzuje vysledky vySetre-
ni MRD u celkem 281 operovanych v letech 2004/3
— 2006/7. Celkem u nich bylo vySetfeno 1740 vzorki na
pfitomnost MRD. V dobé& operace byla zjidténa pozitivita
MRD alespon v jednom z vy3etfovanych kompartmentd
v pruméru u 33 % operovanych. Nejcastéjsi byla pozitivi-
ta

v kostni dfeni v 27 %, v portalni krvi v 9% a v systémove
krvi v 9 %. PfA kontrolnim vy3etfeni asi mésic po operaci
poklesla pritomnost MRD aspofi v jednom z vySetfova-
nych kompartmentl v priméru na 25 %. V kostni dfeni to
bylo 20% a v systémove krvi v 8%.

Dosud zjistujeme tyto signifikantni zavislosti:

« Pozitivita lymfatickych uzlin (N status) statisticky signi-
fikantné koreluje s pozitivitou MRD v portaini a systé-
move krvi.

* Velikost nadoru koreluje s pozitivitou MRD v kostni
dffeni, na rozdil od invazivity (hloubka proristani), kde
jednoznaénou korelaci zatim nenachazime.

+ Ve vech klinickych stadiich dle TNM klasifikace je vi-
dét pokles pozitivity MRD v kostni dfeni mésic po re-
sekci tumoru, pokles je vétsi u klinickych stadii 1a 2,
nezudad.

+ Pozitivita MRD u nemocnych se synchronnimi jaterni-
mi metastazami byla v dobé operace 45% oproti 27%
u metastaz metachronnich. Po odstranéni jaterniho
loZiska bylo kontrolni vy3etfeni u synchronnich meta-




staz pozitivni u 30% pacientl versus 13% u metastaz
metachronnich.

+ Doba sledovani nemocnych je od 3 do 27 mésica, vy-
hodnoceni klinickych vysledkl je ve stadiu zpracovani.
Detailni analyzou korelace klinického nalezu a pozitivi-
ty MRD provedeme v tfi a pétiletém intervalu od ope-
race.

Diskuse

Vyskyt lokoregionalnich metastaz po RO resekci je dnes
povaZovan za ukazalele kvality chirurgického vykonu,
ktery mize operater ovlivnit dodrzovanim platnych zasad
radikality u pfislugného nadoru. Naproti tomu vyskyt vzda-
lenych metastaz je vysvétlovan pfedoperacni, pfipadné
peroperaéni diseminaci nadorovych bunék. Pritomnost
volnych nadorovych bunék v téle mimo viastni nador, pfe-
deviim v krvi, kostni dfeni & uzlinach se vieobecné ozna-
Euje jako minimalni rezidualni nadorova choroba (MRD).
Prvy popis diseminace nadorovych bunék v krvi u karci-
nomu pochazi uZ z roku 1869 (1), ale stoupajici pozor-
nost byla tomuto problému vénovana teprve s rozvojem
metod vhodnych k detekci volenych nadorovych bunék.
Jak rizné klasické cytologické metody (11,19) uzZivang
v padesatych a Sedesatych letech minulého stoleni, tak
o dvacet let pozdéji vyuZivané metody imunohistoche-
mické (25,29) se ukazaly jako malo spolehlivé protoZze
koncentrace cirkulujicich nadorovych bunék se vétSinou
nachazi pod detekénimi moznostmi t&chto vySetfeni. Te-
prve s rozvojem novych molekularné biologickych metod
(real time RT-PCR) je dana moznost MRD fadné moni-

torovat (5,9,10). Principem detekce MRD je indetifikace
nadorovych bunék epitelialniho pivodu v krvi, kostni dfeni
& lymfatickych uzlinach. Polymerazova fetézova reakce
(PCR) umoifuje bud prikaz pro nador specifickych mu-
taci DNA (napf. mutace genu K-ras nebo mutace p53).
Tento zplsob je omezen jen na nadory s témito mutace- |
mi a miZe piinaset falené pozitivni vysledky, zplsobené
nalezy fragmentu voiné nadorové DNA, které se mohou
uvolnit z nekrolickych rozpadlych bunék. Vyhodnéjsi je
proto prikaz exprese genu jednoviaknové RMA, ozna-
tované jako messenger RNA (m-RNA) metodou revers-
ni transkryptézy — PCR (RT-PCR) z nadorovych bunék.
Zatimco volné RNA se velmi rychle degraduje, pak nalez
m-RNA koresponduje s pfitormnosti Zivych nadorovych
bunék (17, 21, 27). Pro detekci nadorovych bunék meto-
dou real-time RT-PCR u solidnich nadorn je duleZity vybér
vhodného markeru, genu, kiery je dostateéné specifické
pro sledovana nadorove buriky.

MiiZe to byt napf. karcinoembryondini antigen, cyto-kera-
tin 20, mucin & mammaglobulin 1 apod. (5, 10). Vyhodou
o rmetody je vysuka sensiivita s prikazem 1 nadorove
buriky na 107 nommalnich bunék (21 ).

Pozomost vénovana vyskytu MRD u solidnich nadoni
v poslednich deseti letech stoupa (11, 16, 22, 30). | kdyz
hodnoceni je provadéno u celé fady solidnich nadori
napf. u melanomu, prostaty, karcinomu prsu, cervixu, Stit-
né #Hazy apod., pfece jen relativné nejvétsi pozomost je
vénovana problematice kolorektalniho karcinomu (2, 3, 4,
6,7, 8,9 12,13, 15, 18, 20, 23, 24, 26, 27, 28, 31, 32,
33, 34). V&SI poély vySetfenych a dliouhodobéjsi sledo-

vani nemocnych je viak i u kolorektalniho karcinomu za-
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tim vyjimkou (tab. 2). Vétsina studii se shoduje v tom, Ze
pro uréeni klinického vyznamu nalezu MRD u nemocnych
s kolorektainim karcinomem jsou nutné rozsahleji pro-
spektivni diouhodobé studie. K tamu by mél pispét i nas
projekt, jehoZ prvé prib&Zné vysledky zde pfedkladame.

Zavér

VyZetfeni MRD u kolorektalniho karcinomu a jaternich
metastaz se jevi jako perspektivni ukazatel zpfesfujici
klasifikaci nadorového onemocnéni. V budoucnu je i mo2-
nost jeho vyuZiti pfi dispenzarizaci nemocnych a indikaci
onkologické adjuvantni lécby. Zpfesnéni metody detekce
rezidudlni choroby slibuje vedle detekce CEA zavedeni
dalich znakd. Pacienti budou nadéale sledovani a vysled-
ky wyhodnocovany v korelaci s klinickym vyvojem one-
mocnéni a pozdéjsim vznikem metastaz.
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Tab.1: Soubor nemocnych vySetfenych na MRD (3/2004 — 7/2006)

Pocet pacientu Pocet vzorku
Resekce streva pro
kollretalni karcinom i i
Lécha paternich
A 36 158
Celkem 281 1740

Graf 1: Rozsah nadoru a hloubka invaze tumoru (T-staging)
- soubor nemocnych vySetfenych na MRD (3/2004 — 7/2006,
n=255 nemocnych)
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Graf 2: Histologicky grading tumoru - soubar nemocnych
vySetfenych na MRD (3/2004 — 7/2006, n=255 nemocnych)
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Graf 3: Lokalizace tumoru - soubor nemocnych vySetfenych
na MRD (3/2004 - 7/2006, n=255 nemocnych)
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Graf 4: Nadorove postizeni lymfatickych uzlin - soubor nemoc-

nych vySetfenych na MRD (3/2004 — 7/2006, =255 nemocnych)
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Tab.2: Zakladni udaje z publikaci o MRD u kolorekialniho

karcinomu z let 1995-2006
MRD RT-PCR u
1995 - 2000 2001 - 2006

Pocet publiaci i . 4
Ponility marker

cviokeratin 18 )

CEA L} ]
| _ X
Frumenny pocst
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2.3.4.4 Minimalni rezidualni choroba u pacienti s kolorektalnim karcinomem — analyza

preziti

Do studie analyzujici prognostickou hodnotu pfitomnosti MRD u kolorektalniho karcinomu

bylo zahrnuto celkem 182 pacientti (111 muzi a 68 Zen) pramérného véku 64,5 let (46 — 81,
(Tab.

chemoradioterapii, vSechny nadory byly histologicky verifikovany s nalezem invazivniho

95% Cl)

10).

Zadny  pacient

Z naseho

souboru

neobdrzel

neoadjuvantni

adenokarcinomu ve vsech pfipadech. Median poctu vySetienych lymfatickych uzlin byl 13

(rozmezi 0-50). Vech 182 pacientl bylo dispenzarizovano a 1é€eno dle standardnich 1é¢ebnych

protokolii. V dobé provedeni statistické analyzy pfeziti meli pacienti za sebou onkologickou

kontrolu ne star$i nez jeden rok. Primérna doba sledovani v naSem souboru byla 21,7 mésice.

Vsech 147 pacienti stadia I-11l podstoupilo chirurgicky zakrok s kurativnim zadmérem (RO

resekce), zadny z pacientil nezemfiel do 30 dnil po operaci.

Tab. 10

Charakteristika souboru pacientti s karcinomem tlustého stieva a kone¢niku

Pohlavi N Prumérl_ﬁ doba Primérmy DFS Grading Diagndza S_CEA |S_CA199
F vék (95%| sledovani (mésice) . -

n B (mésice) (95% CI) Karcinom . e SnE
zeny | cl) (95% Cl) 2<0,000001 1121 3| tustého Karcinom | Pozitivni l | Pozitivni/
mugi p<0,000001 ! koneéniku |celkem (%)] celkem (%)

stieva

s 1 |41 1922 G654 (62,0;68.8) |22.2 (17.8; 26,6) 21.0 (16,7; 25.23) T123] 3 22 19 B /40 (20,0)] 7726 (25.0)
2

8 | 2 |59 22137 | 630 (50,2:658) |20.4 (16,9; 24) 19.0 (15,5, 22 4) 4]a3f10 40 19 16/51 (31.4)| 14/47 (20,8)
@

; 3 |47 1255 G4.9 (61,8 68.1) |27.0 (23,1, 31) 24.6 (20,8, 28.5) 4 126) 7 32 18 941 (22,0)| 635 (17.1)
=

Z | 4 |32| 1517 | 664 (61,9:694) [15.3 (10,3 204) [12.1 (7.0; 16,8) al13] 4 27 5 7125 (28,0)| 524 (20,8)
Celkem 182' 68/111 | 64.5 (46, &1) 31.7 (19,6, 23,8 19,7 (17.6; 21,8) 19]95]34 121 58 157 134

Peroperaéni pozitivita MRD za pouziti CEA byla zjisténa alespoil v jednom z vySetiovanych

kompartmentt u 29,7% pacientl stadia I-1V (9,9% v periferni krvi, 23,6% v kostni dfeni). Pti

pouziti CK20 byla detekovana ptitomnost MRD v alespont jednom kompartmentu u 30,7%

pacientd (28,6% v periferni krvi, 9,9% v kostni dfeni). MRD pozitivita alespori jednoho

markeru (CEA nebo CK20) v krvi anebo kostni dfeni byla detekovana u 49,5% pacientii v den

operace (33,5% v periferni krvi, 31,9% v kostni dfeni).

Pozitivita MRD v kontrolnich vzorcich jeden mésic po resekci tumoru byla za pouziti CEA

nalezena u 16,4% pacientl (7,8% v periferni krvi, 13,4% v kostni dfeni). Pti pouZiti CK 20 byla

zjisténa MRD pozitivita v kontrolnich vzorcich u 40,2% pacientd (34,1% v periferni krve,

21,8% v kostni deni). MRD pozitivita alespoil jednoho markeru (CEA nebo CK20) v krvi nebo

kostni diené byla nalezena u 46,6% pacientl jeden mésic po operaci (33,6% v periferni krvi,

31,8% v kostni dfeni). MRD pozitivita v jednotlivych Klinickych stadiich je uvedena v Tab. 11.
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Nebyla prokdzana zadna statisticky vyznamna tendence mezi vzristajici MRD pozitivitou a

klinickym stddiem onemocnéni.

Tab. 11. Zastoupeni MRD pozitivnich nalezii v periferni krvi a kostni dieni pacienti

S kolorektalnim karcinomem (vSechna klinicka stadia) rozdélenych dle

jednotlivych klinicko-patologickych parametri.

CEA (pozitivni /celkem (%)) CK20 (pozitivni /celkem (%))
Systémova | Systémowva | Kostnidfen | Kostni dren Systémova | Systémova | Kostni dren | Kostni dren
krev krev 1 mésic | peroperaéni | 1 mésic po krev krev 1 mésic | peroperaéni | 1 mésic po
peroperaéni | po operaci operaci peroperacni po operaci operaci
£ * *k *k
:g 1 5041 (12,20)] 431 (12,90} 10441 (24,39)] 4/31 (12,90)] 13/41 (31,71)] 18/29 (62,07) 3/41 (7,32)| 12/29 (41,38)
-
_: 2 2/59 (3,39) 2149 (4,08)| 15/59 (25,42)| 547 (10,64)| 15/59 (25,42)] 8/47 (17,02) 5/59 (8.48)| 2/47 (4,26)
a0
E 3 9/47 (19,15) 2140 (5,00)] 11/47 (23,47)] 7/40 (17,50)] 14/47 (20,79)] 15/40 (37,50)] 7/47 (14,89)] 12/40 (30,00)
X 4 133 (3.03)] 217 (1, 77)] 7/33(21,21)] 216 (12,50)] 9/33 (27.27)] 3/15(20,00) 3/33 (9.09)] 3/16 (18,75)
*% *%k *
1 4113 (30,77) 07 (0,00 413 (30,77)| 17 (14,29)| 5/13 (38,46) 5/8 (62,50) 1/13(7.69)| 2/8 (25,00)
T 2 337 (B1)]  5/32 (15.63)| 12/37 (32,43)] 5/32 (15.63)] 11/37 (29,72)] 16/30(53,33)] 4/37(10,81)] 12/30 (40,00}
3 7/109 (3,67) 5/90 (5,56)| 22/99 (20,95)]12/87 (13,79)] 30/109 (27,52)] 21/87 (24,13)] 13/109 (11,93)] 12/87 (13,79)
4 3/8 (37.50) 0/6 (0,00) 118 (12,50) 0/6 (0,00) 3/8 (37,50) 5 (60) 0/8 (0.,00)] 2/6 (33,33)
*
N '] 6101 (5,94) 6/81 (7,41)] 24101 (23,76)] 9/79 (11,39)] 28M101 (27,72)] 26/77 (33,77)] 9/101 (8,91)] 13/77 (16,88)
1 10/66 (15,15) 4/54 (7.41)| 16/66 (24,24)] 9/53 (16,98)] 20/866 (30,30)] 18/52 (34,62)] 9/86 (13,63)| 15/53 (28,30)
E <sem® | 28 (1111 216(1250) 2181111 0/15 (0,000 318 (16,67)] 7/14 (50,00) 1/18 (5,55)| 6/14 (42,86)
E
“E 5-100cm®| 10/99 (10,10) 6181 (7,41)] 24/99 (24,24)|14/77 (17,72)] 33/99 (33,33)| 25/79 (31,65)] 13/99 (13,13)] 14/79 (17,72)
2
g >100cm3 0/12 (0,00) 010 (0,00)| 5M13(41,67)] 110(10,00) 112 (8,33) 1/9(11,11) 112 (8,33)] 1/9(11,11)
= | Pozitivni 1/32 (3,13) 027 (0)| 5032 (15,63)] 3726 (11,54)] 7/32 (21,88)] 5/26(19,23)] 11/32 (34,38)] 8/26 (30,77)
Q
o' [Negativni] 13/91 (14,29) 4/76 (5,26)| 23/91(25,28)] 8/75(10,67)] 27/91 (29.67)] 1373 (17.81)] 44/91 (48,35)] 13/73 (17.81)
=
g'g Pozitivni 2/26 (7.69) 124 (417)| 526 (19,23)| 4/23 (17,39)] 8/26 (30,77)| 5/23 (21,74)] 15/26 (57,70)] 6/23 (26,09)
<
z. Negativni|] 11/86 (12,79) 373 (4,11)| 22/86 (25,58)| 7/72(9,72)| 25/86 (29,07)| 13/70(18,57)] 37/86 (43,02)| 14/70 (20,00)
* p=<0,05
* %k p=<0,01

Pii hodnoceni pfitomnosti MRD jako nezavislého prognostického faktoru byla porovnana MRD

pozitivita vkrvi a kostni dfeni vden operace a jeden mésic po vykonu s klasickymi

prognostickymi faktory (TNM stadium, invazivita, postizeni lymfatickych uzlin, velikost

tumoru, sérové hladiny onkomarkert CEA a CA 19-9). Nebyly v3ak prokadzany Zadné

statisticky vyznamné rozdily (Tab. 11). Pfitomnost MRD také nesouvisi s pohlavim, lokalizaci

nadoru a gradingem (Tab. 10). Byly nalezeny pouze jednotlivé rozdily v analyzovanych
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skupinach, avsak bez statisticky vyznamného zvysujiciho se trendu vzhledem k hodnocenym
parametrim. Dle naSich vysledkll je pfitomnost MRD nezavisld na dalSich klinicko-
laboratornich charakteristikach nemoci.

V nasi studii byla provedena analyza sérovych hladin CEA a CA 19-9, a to jak pfedoperaénich,
tak kontrolnich jeden mésic po vykonu. Jako pozitivni byly hodnoceny hladiny vy$si nez 5ug/l
u CEA a 37 kU/l u CA 19-9. Stratifikace pfedoperacnich pozitivnich nalezti v jednotlivych
klinickych stadiich je uvedena v Tab. 10. Byla provedena korela¢ni analyza mezi pfitomnosti
MRD vV jednotlivych kompartmentech za pouziti CEA i CK20 a mezi hladinou ¢i pozitivitou
sérovych onkomarkert, a to jak peroperacnich, tak kontrolnich hodnot. Nebyly nalezeny zadné

statisticky vyznamné souvislosti mezi pfitomnosti MRD a sérovymi onkomarkery CEA a CA
19-9 (Tab. 11).
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Schéma studie detekce MRD u pacienti s kolorektalnim karcinomem

Obr. 9.
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Do analyzy pieziti bez znamek onemocnéni (disease-free survival, DFS) bylo zahrnuto celkem
147 pacienti L-Ill. klinického stadia kolorektalniho karcinomu, kteii podstoupili radikalni
operaci s kurativnim zamérem (RO resekce). Charakteristika souboru viz Tab. 10. Prognosticky
vyznam MRD byl hodnocen dle QRT-PCR pozitivity CEA a CK20 v krvi a kostni dfeni, v den
operace a jeden mésic po operaci. DFS analyzy byly provedeny také pro kombinace obou
markert a také dle dynamiky exprese CEA a CK20 mezi peroperacnim a kontrolnim vzorkem.
Byla provedena téz analyza celkového preziti (overall survival, OS), avSak zadné vyznamné
vysledky vzhledem ke kréatké dobé sledovani nebyly nalezeny (data nejsou zobrazena). Celkem
u 24 ze 141 (17%) pacientd L.-III. stadia kolorektalniho karcinomu se béhem doby sledovani
objevila recidiva nadorového onemocnéni. Primérna doba sledovani byla 22,9 mésict. Co se
tyce lokalizace primarniho tumoru, nebyly nalezeny Zadné rozdily v DFS a OS mezi pacienty s
rakovinou tlustého stfeva anebo konec¢niku.

DFS analyza pacientl rozdélenych dle pfitomnosti MRD v peroperacnim a kontrolnim vzorku
periferni krve za pouZziti CEA a CK20 jako markerti nadorovych bunék pfinesla nékolik
zajimavych zjisténi (Obr. 10). Pacienti s pozitivitou MRD vV peroperaénim vzorku krve za
pouziti CEA (Obr. 10A) a v kontrolnim vzorku mésic po operaci za pomoci CK20 (Obr. 10D)
méli statisticky vyznamné krat$i DFS (p = 0,05, resp. p = 0,0005) a vyS3si riziko vzniku recidivy
onemocnéni (HR = 2,726, resp. HR = 3,729).
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DFS analyza pacientd s kolorektalnim karcinomem dle pozitivity MRD

Obdobnéa analyza hodnotila vztah mezi DFS a pfitomnosti MRD v peropera¢nim a kontrolnim

vzorku kostni dfen¢ mésic po operaci za pouziti CEA a CK20. Bylo zjiSténo, Ze pacienti s

pritomnosti MRD ve vzorku kostni dien¢ jeden mésic po operaci za pouziti CEA (Obr. 11B) a

za pouZiti kombinace CEA a CK20 (Obr. 11F) méli statisticky vyznamné krat$i DFS (p = 0,01,

resp. p = 0,00035) a vyssi riziko vzniku recidivy onemocnéni (HR = 3,328, resp. HR = 3,746),

nez pacienti bez ptritomnosti MRD v kostni dfeni.
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Obr. 11 DFS analyza pacientd s kolorektalnim karcinomem dle pozitivity MRD

Kostni dfen pfed operaci

Kostni dfefi po operaci

1,0

V perooperacnim a kontrolnim vzorku kostni dfené odebraném mésic po

operaci

Dal8im cilem bylo zhodnotit dynamiku exprese jednotlivych markerd. Porovnavala se exprese

CEA a CK20 v krvi a kostni dfeni v den operace a mésic po vykonu. Podatilo se identifikovat

skupinu pacientt, u nichz jak v peroperacnich, tak v kontrolnich vzorcich nedosahovaly exprese

markeri cut-off hodnot, ale pfesto u nich doslo k min. 60% nardstu exprese CEA v kostni dfeni.

M.

Tito pacienti méli rovnéz statisticky vyznamné kratsi DFS (p = 0,0005) a vyssi riziko vzniku

recidivy onemocnéni (HR = 3,283), nez pacienti bez nartstu exprese CEA nad 60% (Obr. 12B).

Pro CK20 se ndim podobné souvislosti odhalit nepodatilo (méfeno vzestupem exprese o 200%).

99



Periferni krev Kostni diefi
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Obr. 12 DFS analyza pacienti s kolorektalnim karcinomem dle dynamiky MRD ve

vzorcich systémové krve a kostni diené
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2.3.4.5 Komentované vysledky

V nasi studii byla pro detekci MRD u solidnich tumordt pro svou vyjimeénou senzitivitu
vybréna metoda QRT-PCR a dle obecné platnych pravidel byly navrzeny primery a sondy pro
stanoveni absolutni genové exprese vybranych markerd nadorovych bunék. Vyznam
pfitomnosti MRD u pacientd se solidnimi tumory byl sledovan na souboru pacienti s
kolorektalnim karciomem a karcinomem prsu. Pro detekci MRD u pacientd s karcinomem
tlustého stfeva a konecniku byly jako markery nadorovych bunék vybrany CEA a CK 20. Pro
detekci mikrometastaz v sentinelovych uzlindch u pacientek s karcinomem prsu byly jako
markery pouzity MGB1 a CEA.

V nasi studii, zabyvajici se MRD u pacienti s kolorektalnim karcinomem, byla metodou QRT-
PCR stanovovana absolutni genova exprese CEA a CK20 v krvi a kostni dfeni. Jednou z mnoha
vlastnosti solidnich nadorti je jejich heterogenita a genetickd nestabilita, taktéZ cirkulujici
okultni nadorové buiiky jsou z genetického pohledu heterogenni skupinou (<" e @ 2002)
Nalezeni vhodného, dostateéné senzitivniho i specifického markeru cirkulujicich nadorovych
bunék je tedy velmi obtizné. V soucasnosti jsou pro detekci MRD u pacientl s kolorektalnim
karcinomem, vzhledem k vysoké expresi v primarnim tumoru a nizké expresi v krvi a kostni
dfeni, doporutovany jako markery CEA a CK20 (Yamaguehi etl., 2000; o et al 2002; Pate et al. 2002; Tsouma et
al. 2008 " poyziti multimarkerové analyzy je také spolehlivéjsi nez analyzy MRD zalozené na

jediném markeru (Racila et al., 1998; Conzelmann et al., 2005)

. Kvantitativni stanoveni genové exprese
markerd MRD umoziiuje uréit cut-off hodnoty s rozlienim mezi fyziologickym a patologickym
stavem. Nasledné umoznuje posoudit zmény v pfitomnosti cirkulujicich nadorovych bunck
béhem dispenzarizace pacienta. Cut-off hodnoty byly vnasi studii stanoveny na zakladé
analyzy exprese jednotlivych markerti v kontrolni skupiné zdravych darct krve.

Design nasi studie jiz od pocatku pocital se sledovanim dynamiky exprese markerti, proto byly
vzorky periferni krve a kostni diené vySetfovany jak peroperacné, tak jeden mésic po operaci
pfed zahajenim piipadné adjuvantni chemoterapie. V nékolika recentnich studiich byla u
pacientd s kolorektalnim karcinomem prokdzana vys$$i prognosticka hodnota pfitomnosti
cirkulyjicich nadorovych bunék v kontrolnich, pooperacnich vzorcich periferni krve, nez ve
vzorcich peropera¢nich (S2daniro et al. 2007 Allen-Mersch et al. 2007) Naxasovani odbéru vzorki krve se
tedy zda byt rozhodujici pro odhad vyznamu piitomnosti MRD u pacientt s kolorektalnim
karcinomem. Ukazuje se, ze nadorové bunky uvolnéné do krevniho fecist¢ béhem operace

1 ('Yamaguchi et al., 2000

pravdépodobné nemaji vyznamny metastaticky potencia ).V nadi studii jsme

zjistili statisticky vyznamné krat$i DFS u pacientl s pfitomnosti MRD v peropera¢nim vzorku
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periferni krve za pouziti CEA a v kontrolnim vzorku krve jeden mésic po operaci za pouziti
CK20 (p = 0,05, resp. p = 0,0005) (Obr. 10).

Dosud nebyly publikovany zadné studie o riziku vzniku recidivy nadorového onemocnéni ve
skupiné pacienti s kolorektalnim karcinomem a negativitou QRT-PCR vySetieni na ptitomnost
MRD. Diky designu nasi studie jsme mohli porovnat dynamiku exprese CEA a CK20 v krvi a
kostni dieni mezi peroperac¢nimi a kontrolnimi vzorky. Zajimala nas skupina pacientt, u nichz
QRT-PCR vysetieni neprokazovalo ptitomnost MRD ani v peroperacnich, tak v kontrolnich
vzorcich. Bylo zjisténo, Ze jiz 60% zvyseni exprese CEA v kostni dfeni, které vSak nedosahuje
cut-off hodnot pro pozitivitu MRD, rovnéz identifikuje statisticky vyznamné pacienty s kratSim
DFS (p = 0.005) a vySSim rizikem vzniku recidivy (HR=3,283) (Obr. 12). Vzhledem
K interindividualni variabilit€ v expresi jednotlivych markert lze predpokladat, ze tito pacienti
nejenom MRD pozitivita, ale také dynamika exprese markerd mize identifikovat rizikové
pacienty.

Vysetfeni kostni dfené neni obvyklym vysetfenim pfi diagnostice nadorovych onemocnéni, s
vyjimkou hematologickych malignit. Jen nékolik malo publikovanych praci se zabyvalo
vySetfenim kostni diené¢ u pacientd s kolorektalnim karcinomem pomoci vysoce citlivych
molekularné biologickych metod zalozenych na PCR. Byla prokazana Spatna prognoéza pacientl
s CK 20 pozitivitou kostn{ dieng (S0t et &l 1997: Wolfrum et al., 2005; Koch etal., 2008) 74qn4 studie se viak
nezabyvala  prognostickou hodnotou pfitomnosti MRD v kostni dieni na zdklad¢ CEA
pozitivity. Nicméné vysledky nasi studie naznacuji, Zze vySetfeni kostni difen¢ u pacientt
S kolorektalnim karcinomem je uzitecné pro zjisténi mikrometastaz. Dle naSich zjisténi, méli
pacienti s CEA pozitivitou v kontrolnim vzorku kostni dfené statisticky vyznamné kratsi DFS a
téméi 4x vyssi riziko recidivy onemocnéni (Obr. 11). V piipadé kombinace CEA s CK20 byla
statistickd vyznamnost jesté vyssi. Aspirace kostni diené sice neni ptijemnym vySetfenim pro
pacienty, avSak kostni dfen je jedine¢nym prostorem pro nadorové bunky umoziujici piesnéjsi
diagnostiku pokro¢ilosti nadorového onemocnéni zejména v kontextu hematogenni diseminace.
Co se tyce zavislosti mezi pfitomnosti klinicko-patologickych charakteristik onemocnéni a
pfitomnosti MRD zjisténé na zakladé QRT-PCR vysetieni pro CEA a CK20, nebylo
publikovano mnoho praci. V nékterych studiich korelovala pfitomnost MRD s klinickym

stédiem (Guadagni et al., 2001; Miura et al., 2003; linuma et al., 2006; Zhang et al., 2005; Soeth et al., 1997)' se se’rovou

hladinou onkomarkeru CEA (ilva et al. 2002 Piva et al. 2000) ey 5 postizenim lymfatickych uzlin

(Katsumata et al., 2003; Piva et al., 2000) - A y3xak v n&kterych studiich nebyla zji§téna zadna souvislost mezi

Koch et al., 2006; Schuster et al., 2004)

pritomnosti MRD a klasickymi prognostickymi faktory ( . Nutno
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podotknout, Ze vysledky vSech publikovanych studii jsou velmi heterogenni. V nasi studii jsme
korelovali jak absolutni genovou expresi, tak MRD pozitivitu, se vSemi klinicko-patologickymi
charakteristikami onemocnéni (klinické stddium, TNM klasifikace, grading, velikost primarniho
tumoru, sérové hladiny CEA a CA 19-9), avSak nenalezli jsme Zadné statisticky vyznamné
souvislosti. V souladu s recentnd publikovanymi studiemi (Ve ® @ 2008 Koch et al., 2006)
predpokladame, ze pritomnost MRD je nezavislym prognostickym faktorem u pacientti
s kolorektalnim karcinomem.

Dalsi cast predkladané dizertacni prace se zabyva mikrometastatickym postizenim
sentinelovych lymfatickych u pacientek s karcinomem prsu. Spravny staging nadorového
onemocnéni je nezbytnym podkladem pro stanoveni prognézy a terapie. V piipadé karcinomu
prsu je pro staging dilezité vySetfeni axilarnich lymfatickych uzlin. Exenterace axily je vSak
zatizena nemalou morbiditou, zejména vznikem lymfedému. VySetienim sentinelovych
lymfatickych uzlin u pacientek s karcinomem prsu je mozno se V pfipadé nepfitomnosti
metastdz vyhnout nasledné exenteraci axily. PostiZeni sentinelové uzliny totiz se znaénou
senzitivitou a specificitou predikuje postizeni axilarnich uzlin. V soudasnosti v8ak probihaji

&etné diskuse, jak postupovat v piipadé pozitivniho nalezu v sentinelové uzling (A" et a. 2007; van

zee et al, 2003 74a.]i provést naslednou exenteraci & nikoliv. Jisté viak je, Ze pozitivita
sentinelové lymfatické uzliny fadi onemocnéni do vys$Siho klinického stadia s potiebou
adjuvantni chemoterapie. Bohuzel, u tfetiny aZ poloviny pacientek s karcinomem prsu
klinického stadia I-1l a bez postizeni lymfatickych uzlin dochédzi k recidivé onemocnéni.
V predkladané praci jsme se zabyvali pfitomnosti mikrometastického postizeni sentinelovych
lymfatickych uzlin u pacientek s karcinomem prsu. Metodou QRT-PCR pro CEA, MGBL1 a
CK19 jsme detekovali ptitomnost mikrometastiz u 59% pacientek (26/44), histopatologicky
bylo detekovano metastatické postiZzeni pouze u 32% pacientek (13/41). V souboru 28 pacientek
s histopatologicky negativnimi sentinelovymi uzlinami jsme metodou QRT-PCR detekovali
mikrometastické postizeni u 10 pacientek (36%). Gillanders a kol. (2004) publikoval obdobné
vysledky, kdy za pouziti QRT-PCR pro CEA, MGB1 a PIP (prolaktin indukujici protein)
prokazal ptitomnost mikrometastaz u 33% (112/344) pacientek s primarné histopatologicky
negativnimi uzlinami. Jina studie prokdzala QRT-PCR pozitivitu u 40% (40/102)
histopatologicky negativnich sentinelovych uzlin (™ et 1999 ART.PCR metodika diky své
citlivosti umoziiuje tedy identifikovat 30-40% pacientek s primarné histologicky negativnimi
uzlinami, av3ak s pfitomnosti mikrometastaz, které jsou pod detekéni mezi klasickych
histopatologickych metod. Nebyly dosud publikovany Zadné prace, které by se zabyvaly

prognostickou hodnotou mikrometastdz v sentinelovych uzlinich zjisténymi metodou QRT-
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PCR. V nasi studii jsme prokazali trend ke kratSimu DFS u pacientek s karcinomem prsu stadia
pT1-2MOMO a QRT-PCR pozitivitou sentinelové uzliny, nez u pacientek QRT-PCR
negativnich (Obr. 8). Zjisténi zatim nedosahlo statistické vyznamnosti (p=0,16), coz muze byt
zpisobeno zejména malym poctem zafazenych pacientek a také pomérné kratkou dobou

sledovani (25,1 mésict).
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2.3.5 Pouziti markeri minimalni rezidualni choroby k objasnéni mechanismu u¢inku

protinadorovych lé¢iv

4-arylazo-3,5-diamino-1H-pyrazol CDK inhibitory: SAR studie, krystalovd struktura

v komplexu s CDK2, selektivita a bunécné ucinky
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In a routine screening of our small-molecule compound collection we recently identified 4-arylazo-3,5-
diamino- 1 H-pyrazoles as a novel group of ATP antagonists with moderate potency against CDK2-cyclin E.
A preliminary SAR study based on 35 analogues suggests ways in which the pharmacophore could be
further optimized, for example, via substitutions in the 4-aryl ring. Enzyme kinetics studies with the lead
compound and X-ray crystallography of an inhibitor—CDK2 complex demonstrated that its mode of inhibition
is competitive. Functional kinase assays confirmed the selectivity toward CDKs, with a preference for CDK9-
cyclin T1. The most potent inhibitor, 4-[(3,5-diamino-1H-pyrazol-4-yljdiazenyl]phenol 31b (CANS0S),
reduced the frequency of S-phase cells of the cancer cell line TIT-29 in antiproliferation assays. Further
observed cellular effects included decreased phosphorylation of the retinoblastoma protein and the C-terminal
domain of RNA polymerase 11, inhibition of mRNA synthesis, and induction of the tumor suppressor protein
P53, all of which are consistent with inhibition of CDK9.

Introduction

The cyclin-dependent kinases (CDKs") are a family of serine/
threonime protein kinases that play essential roles in the
regulation of cell division. Individual CDKs phosphorylate
distinet substrates in different phases of the cell eyele and are,
therefore, classified as G1 (CDK4 and CDEG6-D eyelins, CDK2-
cyclin E). 8§ (CDK2-cyclin A, CDKl-cyclin A), and G2/M
(CDK l-cyclin B) phase-specific CDKs.'? The activity of these
kinases is tightly regulated at several levels: through interactions
with negative and positive regulatory partners, aclivation by
phosphorylation or dephosphorylation, and shifts in their sub-
cellular localization. Cell cycle deregulation is frequently
accompanied by altered CDK activity in many cancers, caused
cither by changed expression or activation of CDKs and/or their
interacting proteins. For these reasons, cell cyele CDKs,
especially CDK2 and CDK4, have been actively pursued as
pharmacological targets for novel anticancer agents.® ™%
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During the past decade various drug discovery programs have
led to the identification of many potent and selective ATP-
antagonist inhibitors of CDKs, despite the fact that the active
site in protein Kinases is highly conserved (reviewed recently
in refs 7-9). Generally, such inhibitors consist of structurally
distinet, flat heterocyelic molecules, which enter the active site
and compete with ATP, a feature usually demonstrated hy
enzyme kinetics and inhibitor-CDK2 cocrystal analyses.
CDK drugs possess prominent inhibitory propertics
cancer cells both in vitro and in vivo, and several are s.um:'mly
being evaluated in clinical trials as a new generation of
anticancer chemotherapeutics.'®!!

Apart from roles in cell eycle regulation, several CDKs also
participate in other physiological processes such as neuronal
functions (CDKS, CDK11), apoptosis (CDK1, CDKS), and
transeription (CDK2, CDK7, CDKE&, CDKY, CDK11): these
processes have also been shown to be affected by pharmaco-
logical inhibitors of CDKs.%12 In particular, CDKs implicated
in the regulation of transeription at the level of RNA polymerase
1T (RNAP-II} have recently attracted interest among medicinal
chemists because ol the roles ol these CDKs during viral
infection.'® Small DNA viruses rely on host cell CDEs for
their replication; some require the hosl expression apparalus,
while others encode their own cyclins, which activate cellular
CDKs or contain proteins that directly recruit CDKs to the
nascent viral transcripts.”® Some CDK inhibitors, such as
flavopiridol and roscovitine, have already been shown to
interfere with the replication of several viruses, and this activity
is attributed to inhibition of transcription.'*~'*

These transcriptional CDK inhibitors may also have onco-
logical applications. Until recently, the antiproliferative effects
of CDK inhibitors (which are mainly oligospecific) against
tmor cells were thought o be due to cellular attenuation of

© 2006 American Chemical Society
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Arvlazopyrazole COKY Inhibitors

CDK2 activity." However, recent target validation studies have
shown that CDK2 knockout mice are fully viable and, even,
that cancer cells can proliferale in the absence of CDK2,2%!
The exact reasons [or the undoubted antitumor activity, both in
vitro and in vivo, of many CDK inhibitors remain unclear, but
probably more than one CDK must be targeted at the same time
to achieve an antiproliferative effect. In particular, inhibition
of the CDKs that mediate phosphorylation of the C-terminal
domain (CTD) of RNAP-II is thought to contribute markedly
to the cytotoxic potency of such compounds, as shown for
instance with flavopiridol and roscovitine. 272 A rapid decline
in levels of key proteins, due to inhibition of transcription, may
be the ultimate cause of the cytoxicity of pharmacological
inhibitors of CDKs, especially when both the alfected protein
and the corresponding mRNA have short half-lives. One such
gene product 1s the antiapoptotic factor Mel-1, which s crucial
for the survival of a range of cell types. Its down-regulation
eith:r by roscovitine or siRNA 1s sullicient to induce apopto-
T More particularly, selective CDEKY inhibition could serve
as a pnln.nlml therapeutic strategy against tumor invasion and
metastasis, as recently demonstrated by the finding that inflam-
matory cylokine tumor necrosis factor-g promotes tumor
progression through activation of matrix metalloproteinases.®
During the course of our ongoing CDK inhibitor discovery
and development program, we have already identified several
series of structurally diverse compounds that possess the ability
to block CDK phosphorylating activities.”* More recently,
we discovered that the sereening hit 4-phenylazo-3,5-diamino-
Lif-pyrazole compound 1b inhibits CDK2-cyelin L. Although
this inhibition is comparatively weak, the simple two-step
synthetic assembly of the 4-phenylazo-3,5-diamino-1 H-pyrazole
system prompted us to develop a novel group of protein kinase
inhibitors. We thus went on to synthesize a group of 35 3,5-
diamino-1H-pyrazole derivatives substituted with different aryl-
azo groups al position 4, to analyze their structure—activity
relationships and to determine the in vitro antiproliferative
properties of these compounds against cancer cell lines.

Chemistry

The 4-arylazo-3,5-diamuino- 1 H-pyrazole CDK inhibitory com-
pounds were synthesized as outlined in Scheme 1. The precursor
hydrazones a were obtained by diazotization of the appropriate
arylamines, followed by condensation with malonodinitrile.
Finally, c¢yelocondensation of these dicyanohydrazones with
hydrazine afforded the 4-arylazo-3,5-diamino- 1 H-pyrazoles b.
In total, 12 hydrazones and 18 4-arylazo-3,5-diamino-171-
pyrazoles were synthesized for the first time. Reaction yields
and compound characterization data are included in the Sup-
porting Information, as well as relevant literature references for
compounds already described (Supplementary Tables 1-3,
Supporting [nformation).

Results and Discussion

CDK2 Kinase Inhibitory Activity, Routine screening ol our
compound libraries [or protein kinase inhibitors led to the
identification of 1b as the first representative of a novel group
of compounds that can diminish the catalytic activity of CDK2-
cyelin E. In an effort to identify basic relationships between
their structure and activity, a number of derivatives differing
in the 4-arylazo function were synthesized and evaluated. As
shown in Tigure 1, the 4-halogenophenyl derivatives 3b—6b
have similar inhibitory activities to 1b (i.c., the analogue with
an unsubstituted phenyl ning), while the nonpolar 4-methyl-
phenyl derivative 2b shows a small decrease in activity. Other

Journal of Medicinal Chemistry, 2006, Vol. 49, No. 22 6501

Scheme 1. Synthesis of 4-Arvlazo-3.5-diamino- 1 fi-pyrazoles
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17 R2=
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18 naphthalen-1-yl, 19 naphthalen-2yl 21 N--CH;
20 56,7 8-tetrahydro-naphthalen-1-yl N |

E - Oy

22 X=CO 23 X=CO
24 X=50, 25 X=50,

nonpolar substituents also retained the inhibitory activity at the
level of 1b, for example, the comparatively bulky naphthalen-
1-y] derivative 18b (but not the isomeric 19b) or the partially
saturated congener 20b. Although these data suggest that large
aromatic substituents may be compatible with CDK2 inhibitory
activity, when other bulky aryvlamines were used as starting
materials, the resulting diammopyrazoles 8b—17b did not
display significant CDK2 inhibitory activity. The explanation
for these findings could be related to the nature of the para
substituent in the arylazo group: a large substituent ¢
detrimental effect, probably through steric hindrance. S
cffect is also indicated by the reduced inhibitory activity of the
p-aminomethyl analogue Th. The next subgroup of compounds,
21b—24b obtained from aryldiamines, contained dimeric 3,5-
diamino- 1H-pyrazole systems, so the resulting molecules were
much bulkier, and as expected, these derivatives exhibited
reduced and insignificant CDK inhibitory activity.

Following the finding that the majority of compounds with
al least some activity against CDK2 possessed a small 4-arvlazo
group, we turned our attention to the effects of various small
substituents on the phenyl ring. Specifically, we prepared and
tested a series of 4-phenylazo derivatives with an additional
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Figure 1. Inhibition of CDK2-cychn E by 4-arylazo-3.5-diamino-1/-pyrazoles at 10 gM concentration; me (OC) was meluded as a
control. Average values from three determinations +5D.
Table 1. Inhibation of CDE2 and in Vitro Antiprolif Activity of Selected Derivatives
v HM
Sf >—N
w =N
)
N NN
H.N
TCse” (M or % of viable cells)
No R CDK2 MCF7 HOS G361 K562
1b H 2245 =100 (74 L 3%) =100 (83 L 8%) =100 (75 L 2%) =100 (5 L 14%)
18h 2-CH=CH-CH=CH-3 1043 =100 (56 + 19%) =100 (79 + 8%) =100 (35 + 14%) 304 3(7.7 + 6%)
b 2-CH,CHACH;CH»-3 I5+6 1939+ 10%) 92+ 5(32+6%) TT+4(27 + 5%) 55+ 1(26 + M)
26h 2-NO; 6.1+ 1.7 =100 (62 + 9%) =100(57 + 6%} =100 {38 + 29%) 108+ 10 {48 + 4%)
27b 3-NO; 2342 63 £ 7 (44 + 6%) =100 (95 £+ 5%} = 100 {69 + 8%) T9 £ 6 (28 £ 5%)
28h 4-NO; 4019 =100 (60 -+ 4%) =100 (80 1 8%) =100 (61 + 10%;) T1E6(25 4 3%)
29h 2-0H 25401 =100 (72 + 6%) =100 (84 + 7%} =100(74 + 12%) =100(72 + 8%)
b 3001 6.0 0.2 =100 (71 + 9%) =100 (83 1 8%) =100 (70 + 10%) =100 (53 + 6%}
3lb 4-0H 35+07 33 £ 520+ 6%) 49 £ 922 + 8%) 04 £ 5(834£4%) 624823+ 7%)
Ab 2-CO01 92412 =100 (97 L 7%) =100 (91 L 10%) =100 (96 L 12%) =100 (89 L 6%)
33h 3-CO0H 2849 =100 (102 + 8%) =100 (94 £ 11%) =100 {93 + 7%) =100 {84 + 8%)
3dh 4-CO0H =100 =100 (97 + o) =100 (92 1 3%} =100 {86 + 14%) =100 {36 + 9%}
35h 2-CH:OH 1745 =100 (31 + 10°%) =100 (87 + 8%} =100 (84 + 1%} =100 (86 + 2%}
olomoucine 50410 134+ 5 144 £ 15 147 + 14 145 + 22

LSD.

small polar phenyl substituent (derivatives 26b—35b in Table
1). The most effective members of the series were hydroxy and
nitro compounds. In the case of the phenol analogues, the ortho
(29b} and para (31b) isomers showed the lowest CDK2 1C5
values, whereas the meta-hydroxy derivative 30b was about half
as potent. Further modification, by insertion of a methylene
group between the 2-O11 and the phenyl groups (35b), led to a
decline in activity compared with the homologue 29b. Interest-
mgly, nitrated compounds 26b—28b displayed a differemt
positional effect. Here, the position of the nitro group affected
the CDK2 inhibitory activity in the order orthe = meta = para,
with a 2- o 4-fold drop of potency between the dilferent
isomers. All carboxylic acids (32b—34b) drastically lost inhibi-
tory activity.

Mechanism of CDK2 Inhibition. To further investigate the
mechanism of CDK2-cyclin E inhibition by the 4-phenylazo-
3,5-diamino-1H-pyrazole compounds, kinase assays were per-
formed with one of the more potent analogues, 31b, in which
the concentrations of both ATP and the inhibitor were varied.
Double reciprocal plots of the data (Figure 2) show that
compound 31b exhibited pure competitive inhibition with
respect to ATP, with an apparent K; value of 13.3 uM, similar
to that found with most other known pharmacological CDK
inhibitors,

Kinase Selectivity. The selectivity of the most active
compounds against CDK2 (i.e, 1b, 26b, 27h, 30b, 31b, and
35b) was then tested against six purified CDKs, including
CDK1, CDK4, CDK7, and CDK9 (Table 2). These assays

2 14 measured in the presence of 15 M ATP, % of viable cells in the presence of 100 M of the test compound. Average values from three determinations

0.003

0.0025

0002

00015

1 1 arbitrary units

0.001

00005

oo
11[ATP)
Figure 2. Double reciprocal plot of CDK2-cyclin E activity in the
presence of 31b as a function of ATP concentration. The miubitor
concentrations were 1 @M (filled triangles). 5 gM (empty circles), 10
oM (filled cireles), 15 M (empty squares), and 20 gM {filled squares).
The inset shows the secondary replot of slopes vs concentrations of
3 (K, = 13.3 uM).

4] 0.005 0015 o002

confirmed that phenylazo-3, 5-diamino- 1 H-pyrazoles are efficient
inhibitors of members of the CDK family other than CDK2. In
addition to CDK2-cyclin E, another Gl-phase specific kinase,
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Table 2. Selectivity of 4-Arylazo-3,5-diaminopyrazoles against Punfied
Cyelin-Dependent Kinases

105

compd CDKIB CDKXE CDKXA CDK4D1 CDKTH  CDEST1

b =100 14 = 1K) > |H} =104 1513
b 4213 2243 8EL 1611 ET 5645
7 =10 6846 =1 70412 =10 124 4 3.2
b =100 AL =1 36413 82415 L5405
b HO0ET 206 69 L1 135831 26413 035 L0004
3h =100 L =11 = 1{H =10 2641

2 Kinase activi
from three deter

yed in the presence of 1N M AT, Average values
ms +S0

Table 3. Selectivity of 31h against Various Protein Kinases

kinase activily?

protein kinase {%e}
CDE¥evelin T1 6.9
CDE2/evelin E 31
c-Abl #4
CHK1 89
CK2 63
GSK3f 81
MAPK1 99
PTOSER 31
PKA 67
PEBo 100
SAPK2a 82

“ In the presence of 10 oM test compound.

CDK4-cyelin D1, was inhibited approximately to the same
degree by 26b, 27b, 30b, and 31b. Structurally related 3-ami-
nopyrazole CDK inhibitors (e.g., PNU-292137), which were
identified during the course of our investigation, appear to
possess different selectivity profiles and do not inhibit CDK4.7%%
Interestingly, CDK2 in complex with cyclin A proved to be
about 4-fold less-sensitive Lo the pyrazole derivatives 26b and
31b than CDK2-cyclin E. Surprisingly, all of these derivatives
were most potent against CDK9<cyclin T1, unlike any other
known classes of CDK inhibitors, with 31b being the most
effective inhibitor, with submicromolar poteney (1Cy = (L35
aM). The selectivity ratios with respect to CDK9 of the
derivative 31b ranged from 40 to 200 for various other CDKs,
suggesting that significant selectivity, even within the CDK
family, can be attained with the diaminopyrazole pharmaco-
phore.

To further characterize the pyrazole derivatives, CDK inhibi-
tor 31b was assayed (at a fixed concentration of 10 #M) against
nine other protein kinases, including CDK9 and CDK2 as
reference controls (Table 3). Most of the kinases tested were
inhibited poorly or not at all, corroborating the selectivity of
pyrazole derivatives toward CDKs. Surprisingly, 31b showed
a distinet selectivity profile when compared with other CDK
inhibitors. For example, purines also inhibit ERK2 and
CDK7,* % whereas paullones and aloisines also inhibit
GSK3A.9% Another compound that also reduces CTD phos-
phorylation of RNAP-II via CDK9 inhibition, 5,6-dichloro-1-
f-p-ribofurancsylbenzimidazole (DRB), inhibits casein kinases
too, 142 an effeet not observed with 31b.

Of the kinases tested, only the structurally distinet ribosormal
p70S56 kinase was found to be shightly sensitive to 31h, with
an [Cs value of about 10 gM. Although this kinase is one ol
the potential intracellular targets of the CDK mhibitor purvalanol
B, as shown by affinity chromatography,’” the selectivity profile
of 31b is not reminiscent of any other pharmacological CDK
inhibitor, although its cellular kinase specificity profile remains
to be determined.
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Crystal Structure of 31b with CDK2. The crystal structure
of the monomeric CDK2—31h complex was determined at 1.80)
A resolution (Supplementary Table 4, Supporting Information)
to determine the imhibitor’s binding mode within the active site
of the kinase and to verify the competitive character of the
inhibition. As expected, 31b binds to the ATP site located in
the cleft between the N- and C-terminal kinase domains (Figure
3a). The inhibitor is oriented with the 3,5-diaminopyrazole
syslem [acing the CDK2 hinge region polypeptide backbone,
where it interacts with Glu¥1 and LeuX3 through three H-bonds
(Figure 3b), in a manner similar to that of other heterocyclic
CDK inhibitors.” The phenylazo moiely faces the Phe80 phenyl
ring, forming a & interaction and the phenol function T-bonding
to the carboxyl of Aspl45 (Figure 3b). The orientation and the
H-bond pattern of 31b in the active site corresponds Lo those
of PNU-292137, recently described as a selective CDK2
inhibitor.*** Interestingly, 31b is observed to adopt a confor-
mation close to a coplanar cis-diaryldiazine (Figure 3¢). The
energetically less-favorable eis ligand conformation, compared
to the frans arrangement, appears to be preferred because it
enables simultaneous interaction with the diaminopyrazole and
phenol moieties described above. Diarvldiazines can undergo
facile cis—trans isomerization under a variety of conditions and
by several mechanisms: whereas frans-diaryldiazines exist
predominantly in planar conformations, this is not possible in
the eis geometry, where the two aryl systems are not coplanar.*
The electron density for 31b in the CDK2 complex is well-
defined apart from the phenol substituent, where weak density
is observed for the benzene ring and density for the OH group
is absent. We suggest that this situation is due to the fact that
the electron density represents an average picture of two binding
maodes, in which the higand adopts cis conformations with the
phenel group cither above or below the plane of the remaining
aryldiazine system.

Model of 31b Complexed to CDKY. The selectivity of 31b
toward CDK9-cyelin T1 found during kinase assays prompted
an investigation into the structural basis for this selectivity.
Analysis of the modeled interactions between 31b and CDKY
(Figure 3b) indicates the participation of Aspl67 (which
comesponds to Aspl45 in CDK2) in an H-bond with the phenol-
OH of 31b. H-bond interactions corresponding to those with
Glu81 and Leu83 observed in the CDK2-31b complex appear
to be absent in the CDK9-31b model. This is the first CDK
inhibitor to show no participation of the molecular fork of CDK
in intermolecular hydrogen bonds, previously described to be
present in intermolecular hydrogen bonds in the structures of
all CDK—inhibitor complexes studied so far.* In the CDK9
complex structure, CDK9 mteractions with 31b are characterized
by predominantly hydrophobic and van der Waals interactions
between the protein and the 4-phenylazo moiety. Most of the
intermolecular contacts between CDEKY and 31b mvolve a
hydrophobic pocket formed by the residues lle25, Val33,
Phel03, Cysll6, Leuls6, Alaltt, and Aspl67. A direct
structural comparison of both binary complexes indicates that
the high specificity of 31b for CDK9 does not stem from the
establishment of H-bonds, because the CDK9—31b complex
presents a smaller number of 1l-bonds than the CDK2-31b
complex. The most striking difference between the two com-
plexes concerns the intermolecular contact area, which is
significantly higher in the CDK9 complex (190 A%) than in the
CDK2 complex (174 A% Figure 3d,e). Structural inspeetion of
the interaction between 31b and CDK9 suggests that the
inhibitor’s specificity against CDK9Y is probably duc to the
4-phenylazo moiety, which affords a higher intermolecular
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Figure 3. Crystal structure of CDK2 complex with 31h, (a) The experimentally determined 31 structure of CDK2 {eyan) aligned with the modeled
structure of CDKY (green): the ligand is shown as a space-filling CPK representation. (b) Details of the imteractions between ligand and residues
of the ATP-binding pocket, indicated with broken lmes. (e) Observed electron density around the bound inhibitor 31b. The protein surfaces within

4 A of the ligand are shown for CDK2 (d} and CDK9 {e). respectively.

contact area with CDK9 than that observed lor the CDK2—
31b complex. Especially interesting is the presence of two salt
bridges f{xlulU? Lys35 and Glul07—Lysd44) in the CDK9—
31b structure; these were also observed in the CDK9—
flavopiridol complex and involve residues from two different
lobes of the CIK9 structure.** This strong electrostatic interac-
tion brings the two lobes of CDK9 closer together, which
increases the contact area between the enzyme and the inhibitor,
These salt bridges are not observed in the CDK2—31b complex.
A tighter ATP-binding pocket observed in the CDK9—31b
complex makes possible a higher lar van
der Waals contacts between CDK9 and 31b.

Cellular Activity. The 4-phenylazo-3,5-diamino-1H-p
#oles with the most potent CDE mhibitory activity were tested
for antiproliferative activity against four human tumor cell lines
of different histological origins. The results are summarized in
Table 1. All compounds except derivatives 27b, 28b, 31b, and

of intermol

membrane penetration and alter its enzyme binding parameters,
In summary, the observed discrepancies between the results of
the kinase and cellular assays suggest that the pyrazole
compounds” effects on targets other than CDKs may contribute
to their antiproliferative activity and/or that their physicochem-
ical properties affect their cellular activities,

Cell Cycle Effects. It is well known that CDK2 and CDK4
play critical roles in the G1-8 transition of the cell cycle by
phosphorylating the retinoblastoma protein (pRb), which in turn
activates E2F-mediated transeription of S-phase specific genes 7
Inhibition of cellular CDK activity is, therefore, expected to
result in inhibition of pRb phosphorylation and cell cycle arrest
in the GI phase. To investigate further the cellular effects of
the d-arylazo-3,3-diamino- | H-pyrazoles, we therefore evaluated

pound 31b (an analogue with strong anti-CDK and growth
inhibilion activilies and high selectivity) using cell cycle analysis
and expression—phosphorylation assays in cancer cells. The

20b showed only marginal eflects, with 1Cs, values
100 4M. This weak activity is comparable with that u[
olomoucine, a well-known but weak inhibitor of CDK1 and
CDK2% In general, derivatives substituwed with bulky aryl
moicties (e.g., sulfonamides 8b—13b or bis-azo derivatives
22b—25b, data not shown) showed either very low or no
antiproliferative activity, while some pyrazoles with smaller
4-aryl side chains displayed measurable 1Cs values,
Surprisingly, the observed effects of the position of the
hydroxyl- and nitro-phenyl substituents on the activity did not

antiproliferative activity of 31b was verilied by flow cytometric
analysis of subconfluent and asynchronously growing HT-29
cells, which were doubly stained with propidium iodide and
S-bromo-2"-deoxyuridine (BrdU). In accordance with the se-
lectivity of 31b toward CDK9-cyclin T1 when measured in vitro,
this compound did not influence the cell cycle, unlike the less-
selective CDK inhibitor roscovitine, which blocked both G1-8
and G2-M transitions (Figure 4), With 31b, we only observed
a difference in the S-phase cell population, which showed
substantially reduced mtensity of the BrdlJ signal compared with

simply reflect the CDK inhibition pattern. Hydroxy pound
29b and 31b, among the most potent CDK2 inhibitors, showed
significant differences in cell proliferation assays. Compound
31b caused significant reductions in cell number in all four cell
lines used. In contrast, 29b and 30b, despite their potent CDK
inthibition, caused much weaker responses. Conversely, the nitro
derivatives 26b and 28b, which differed approximately 7-fold
in CDK mhibition potency, induced cell death at comparable
concentrations.

Notably, compound 20b, which has a weak impact on CDK
activily, also showed antiproliferative activity, exceeding that
of the olomoucine control on all tested cell lines, probably due
to its relatively low polar surface area, which may [acilitate

I cells. Subsequently, increases in the sub-G1 cell
population, usually considered apoptotic, were observed in cells
treated with either 31b or roscovitine for periods longer than 3
h.

When MCF7 cells were treated with varying concentrations
of 31b for 24 h, dose-dependent inhibition of pRb phosphor-
ylation at Ser807 and Ser780 (both of which are specifically
phosphorylated during the G1 phase of the cell eycle by CDE4-
cyelin 1) and Thr821 (specifically phosphorylated by CDK2-
eyclin E) was observed m immunoblots of total proteins probed
with phosphospecilic antibodies (Figure 5). The results dem-
onstrate the ability of 31b to affect the activities of CDK4 and
CDK2 in cells. In addition, a drop in pRb phosphorylation
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Figure 4. Cell cycle analysis and BrdU incorporation i HT-29 cells treated with 31b (50 gM) or roscovitine (70 gM). Drug concentrations were
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Figure 5. Immunoblot analysis of MCF7 cells treated for 24 h with
the indicated cc trations of 31h. Phosphorylation of pRb appears
1o be reduced at Ser780 and Serf07 (indicative of decreased activity
of CDKA) and Thr821 (indicative of decreased activity of CDK2) by
31b. In addition, the compound appears to induce ncreases in the levels
of the wmor suppressor protem p53 and p21%4! and to reduce the
phosphorylation of CTI) of RNA polvmerase [, indicating that it
induces blocks in transcription.

oceurred at mhibitor concentrations between 25 and 50 4M, in
accordance with the observed ICs value for MCF7 growth
inhibition ( Table 1). However, due to the marked selectivity of
31b toward CDKT and CDK9, we surmise that decreased
phosphorylation of pRb may be caused by insufficient activity

of CDK4 and CDK2 (blocked activation by CDK7, absence of
cyeling) rather than by direct inhibition.

Inhibition of Transcription. Pharmacological CDK inhibi-
tors usually increase the cellular level of the tumor suppressor
protein p33 and, consequently, transcription of p33-activated
genes. ™ This effect probably results from direct inhibition of
CDKs involved in the regulation of ranscription, that 1s, CDKT,
CDKS, and CDK9, which leads to decreased levels of short-
lived mRNA and protein gene product. One such mRNA
encodes the negative regulator pS3-specific ITdm2 ubiquitin E3
ligase. Insufficient elongation of the ligase triggers stabilization
of the p53 protein, as deme ted by cell it with certain
CDEK inhibitors 23295 Paradoxically, a block in transcription
can thus be accompanied by increased levels of certain proteins,
like p53 and its downstream regulated twumor suppressor
p21WAFL We, therefore, evaluated the effect of the derivative
31b at various concentrations on the levels of p53 and p2 |WAF!
proteins in MCUFT cells and found that 24 h incubation with
31b at concentrations of 50 and 100 M resulted in strongly
increased levels of p53 (Figure 5). Accumnulated p33 then
transactivated the cell eyele inhibitory protein p21%AFL levels
of which were maximal at 50 M 31b. In addition, the activity
of 31b was significant al concentrations close to the [Cq value
for MCF7 growth inhibition. Thus, increased levels of p2 1WAF!
may also contribute to inhibition of CDKs in cells, Olomoucine,
tested in parallel as a control, was effective at doses of about
100 M (data not shown).
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Table 4. lohibation of mENA Synthesis by Compound 31b (30 uM) or
Roscovitine {70 uM) in HT-2¢ Cells?

GAPDH copies/10° cells®

Oh 3h Gh 12h
control 2124368 4 {6 055 1395 413 3030 440
309 147 906 931 233 769 230 0%
roseoviting NI 3945095 3 146 603 3926015
ND t446 126 £398 073 EO65 476
3lb ND 3342533 3 7R5 908 1811 960
ND +334 107 +479 616 +381 162
CEA copies/10° cells®
Oh 3h 6h 12h
comtrol 26030 34053 14 235 18 630
3236 F 2408 L1568 2506
roscoviting ND 30 568 19 150 24350
NI F 3005 L4801 | RUER
b ND 27 900 22620 12 003
ND 3690 t316 t4123
EpCAM copies/108 cells®
Uh 3h 6h 12h
conirol 4 238025 B 732195 2 6049 440 4 KRR 343
F162 292 #3098 172 +362 215 #3531 734
roscovitine ND B 258 813 6 151 085 6 863 365
NI 1788 357 F404 186 E16 636
31 NI 6047 138 5 069 600 2951620
ND L4855 595 £471 663 £121 527

¢ Afler the indicated period, total RNA was extracted and absolute
numbers of GAPDH, CEA, and EpCAM gene transcripts were quanti fied
by real-time PCR. Drug concentrations were equivalent to 1Csg values for
the inhibitors against HT-29 cells. ® Average values from four determinations
)

The CDK inhibitor roscovitine has also been reported to
inhibit mRNA synthesis, possibly through mhibition of CDK7
and CDKY9, which phosphorylate the CTD of RNAP-1I and thus
activate transcription.”?* The possibility that 31b could lead
to a loss of phosphorylation of RNAP-II in cells was assessed
by Western blot analysis with phosphospecific CTD antibodies.
Figure 5 shows there was a concentration-dependent decrease
ol Ser3 phosphorylation of RNAP-IT in MCF7 cells treated with
31b for 24 h. Moreover, two epithelial genes, encoding
carcinoembryonic antigen (CEA} and human epithelial cell
adhesion molecule (EpCAM), and one housckeeping gene,
encoding glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
were selected for analysis of transcriptional inhibition using
quantitative real-time PCR (RQ RT-PCR) in the HT-29 colon
cancer cell line (Table 4). Copy numbers of GAPDIL CEA,
and EpCAM mRNAs decreased in a time-dependent manner
when incubated with either 31b at 50 @M or roscovitine at 70
M. However, 31b was much more potent in this respect, which
is consistent with its direct inhibition of CDK9-cyelin T1.
Conclusions

The most potent pyrazole derivative from the series presented
here was 4-[(3,5-diamino-17T-pyrazol-4-y1)diazenyl|phenol 31b

(designated CANS08), which selectively inhibited CDK9 kinase

in vitro. The derivative proved to be a competitive inhibitor of

CDK2-cyelin E with respect to ATP. Cellular activity of 31b
blocks proliferation of several tested cancer cell lines. Despite
31b having high specificity toward CDK9-cyelin T1, its
inhibition does not seem to be the sole reason for the induction
of p53 and the observed antiproliferative potency. The well-
known CDK inhibitor roscovitine, which has similar affinity
for CDK9,"33% causes accumulation of p53 in cells treated at
concentrations lower than 31b.*24% A comparison of the CDK
selectivity profiles suggests that inhibition of other kinases

Kryitaf el al.

(probably via combined effects on CDK2, CDK7, and CDK9)
may be responsible for the antiproliferative and pro-apoptotic
potency of CDK inhibitors. Towever, the cellular activity of
several 4-phenylazo-3,5-diamino-1/{-pyrazole derivatives sig-
nificantly exceeded that of olomoucine, thus, they represent good
starting points for further structural optimization of specific
CDK9 inhibitors, with potential pharmacological applications
in oncology and virology.

Experimental Section

General. All compounds prepared were homogeneous, according
to thin-layer chromatographic analysis, Elemental analyses were
performed with an EA elemental analyzer (Fisons Instruments).
Melting points were determined using a Boetius stage apparatus
and are not corrected. All reaction solvents and reagents were
purchased from Sigma-Aldrich. unless specified otherwise. Specific
antibodies were purchased from Cell Signaling (total pRb and pRb
phosphorylated at Ser780 and Ser®07), Biosource (pRb phos-
phorylated at Thr821), Abcam (RNA polvmerase 11 phosphorvlated
at Serd), and Becton—Dickinson (anti-BrdU-FITC conjugate) or
were generous gifts from B. Vojiések (pS3, PONA, p2] WA,

General Method for Preparing Hydrazones a. The appropriate
amine (5 mmol) was dissolved in a mixture of water (30 mL ) and
hydrochloric acid (4.5 mL of 37% w/v soln). A solution of NaNO;
(0.35 g, 5 mmol) m ice-cold water (5 mL} was added dropwise
with stirring to the cooled amine solution (0—35 “C). The diazonium
salt solution so formed was then added dropwise to a solution of
malononitrile (0.5 g, 7.5 mmol) and NaCAc (12.5 g) in water (50
ml.) with continuous stirring and cooling. After adding the
diazonium salt, the reaction mixture was stirred and cooled for an
additional 30 min before being placed in a refrigerator overnight.
The following day, the precipitated hydrazone product was filtered,
washed with water, and dried. Yields were between %0 and 100%
{for details see the Supporting Information), For the preparation of
compounds 32a—35a, twice the above quantities of hydrochloric
actd, NaNO», malononitrile, and NaOAc were used.

General Method for Preparing Pyrazoles b, A solution of
hydrazine hydrate (0.5 g, 9 mmol) in MeOH (30 mL) was added
to the hydrazone a (3 mmol). The reaction mixture was heated under
reflux for 4 hand was then evaporated w dryness. The solid residue
was recrystallized from appropriate solvemts (for details see
Supplementary Table 2, Supporting Information). Compounds 13b
and 14b were precipitated from aqueous solution by acidification
with hydrochloric acid w pH = 1.

Enzyme Inhibition Assay. CDK2-cvelin If kinase was produced
in St inseet cells co-infected with appropriate baculoviral con-
structs, as previously described.®” The enzyme was purified on a
NINTA column (Qiagen) and assayed with 1 mg/mL histone [11
in the presence of 15 uM ATP, 0.05 uCi [y PJATP and of the
test compound in a final volume of 10 ul in reaction buffer
(50 mM HEPES, 10 mM MgCly, 5 mM AL 10 mM 2-glycer-
olphosphate, | mM NaF, | mM DTT, pll 7.4). After a 10 min
incubation, reactions were stopped by adding 5 ul. of 3% aq Hs-
POy, Aliquots were spotted onto P-81 phosphocellulose (Whatman ),
which was subsequently washed 3 x with 5% aq H;POy and finally
air-dried. To quantify kinase inhibition, a BAS-1800 digital image
analyzer {Fujifilm) was employed. Kinase activity was expressed
as a percentage ol maximum activity. The concentration of the test
compounds required o decrease the CDK activity by 50% was
determined [rom dose—response curves and designated 1Csg. For
the kinetic analyses, the activity was expressed as arbitrary unils
(ALY of digital image analyzer signal.

Kinase Selectivity. CDK selectivity was evaluated using a panel
of purified k 1-¢e-{[("DKI-Lys.lmB ("‘DKQ-LyL]m AL CDK4-cyclin
D1, CDKT7-cyelin I, and CDK9-cyelin T1), as previously de-
seribed 4% Other protein kinase activities were measured in
duplicates at a single fixed concentration of 31b {10 gM): ¢-Abl,
CHE L. GSK3f, pT086K, PKA and PKBR were assayed in 8 mM
MOPS, pH 7.0, 0.2 mM EDTA, MAPK1 and SAPK 2o in 25 mM
Tris, pH 7.5, 0.02 mM EGTA, and CK2 in 20 mM HEPES, pH
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7.6,0.15 M NaCl, 0.l mM EDTA, 2 mM DTT, (1.1% Triton X-100,
all with 10 mM Mg-acetate, 10 M ATP. [y~ P]ATP (500 cpm/
pmol) and appropriate peptide substrates for 40 min. The reactions
were stopped by adding 5 ul. of 3% aq HzPOy. Aliquots were then
spotted onto a P30 filtermat and washed 3x with 3% aq H:POy
and air-dried prior to scintillation counting.

Crystallization and Structure Determination. Human recom-
binant CDK2 was expressed, purified, and crystallized as previously
described. ¥ Data were collected at the Cyelacel home source
using a R-AXIS [V++ image plate (Rigaku). Data proces
carried out using programs from the d*TREK software suite.
structures were solved by molecular replacement using MOLREP®
and PDB entry 1PW2 as the search models for CDK2. ARP/
wARPH was used for the addition of water molecules, and
REFMAC® was used for structural refinement. A number of rounds
of refinement and model building with the program Quanta
(Accelrys) were carried out. Crystallographic data and statistics are
summarized in Supplemetary Table 4 (Supporting Information). The
structure has been deposited with the Protein Data Bank (PDB)
under the accession code 2CLX.

Molecular Model of the CDK9—31b Complex. A previously
published protocol was used o model the binary CDK9-31b
complex.** Briefly, the atomic coordinates for CDK2—31h were
used as the starting points for modeling the CDKY=31b complex.
Therefore, the final model of the complex includes the atomic
coordinates of the inhbitor 31h. This has been confirmed
by computational docking studies using PRINCIANE {hup:/
www bioeristalografia.dfibilce.unesp.br/princiane’). Fifteen residues
from the N-terminus and 45 from the C-terminus were removed
from the CDKY model because there is no good template for these
fragments. The webserver Parmodel was used to generate all models
for the CDK9=31b complex.™ Several slightly different models
can be caleulated by varying the initial structure. We generated
1000 models for the CDK9=31b complex. and the final models
were selected based on stercochemical quality. The optimization
of the complex was carried oul by the use of the variable target
function method, followed by 500 steps of conjugate gradient
minimization using Parmodel. ™ All optimization processes were
performed on a Beowulf Cluster (BioComp, S. J. do Rio Preto,
Brazil). The overall stereochemical quality of the final model for
the complex of CDK9-31h was assessed by the program Par-
model. ™ Analysis of the stereochemical quality of the final model
of the CDKY indicates that 98.6% nonglycine residues lie in the
most favored and additional allowed regions of the Ramachandran
plot and only 1.4% lie in the generously allowed regions, Root-
mean-square {rms) differences from ideal geometries for bond
lengths and angles were calculated with Parmodel ™ Owerall
deviations from ideal geometry are 0.025 A for bond distances and
2.517 for bond angles.

Cell Maintenance and Growth Inhibition Assay. The ability
of the test substances to inhibit cancer cell growth was determined
in vitro with K362, MCF7, HOS, and G361 cell lines. The cells,
cultured i DMEM (supplemented with 10% fetal call serum, 4
mM glutamine, 100 [U/mL penicilling 100 grg/ml. streptomyein)
in a humidified CO» incubator at 37 “C, were redistributed into
96-well microtiter plates at appropriate densities for their respective
cell sizes and growth rates. After a 12 h preincubation, test
compounds in 6-fold dilutions were added. Treatment (in the 1-100
#M range) lasted for 72 h. At the end of this period, the cells were
fed for 1 h with Caleein AM, and the fluorescence of the live cells
was measured at 485 nm/538 nm {ex/em) with a Fluoroskan Ascent
reader (Labsystems). ICs values, the drug concentrations lethal 1o
0% of the cancer cells, were determined from the dose—response
curves,

Immunoblotting. For direct immunoblotting, total cellular
protein lysates were prepared by harvesting treated cells in Laemmli
sample butter. Proteins were separated on 10% SDS-polyacrylamide
gels and electroblotted onto nitrocellulose membrane. The blotted
membranes were stained with Ponceau-S in 1% agq AcOI to verify
equal protein loading, destained. and blocked in PBS and 0.1%
Tween 20 (PBS-T) with 5% low [at milk. The membranes were
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then incubated with specific antibodies overnight. After washing
three times in PBS-T, the membranes were incubated with a 1:2000
dilution of peroxidaseconjugated secondary antibodies. After
another three washes in PBS-T, peroxidase activity was detected
using ECL =+ reagents (AP Biotech) according o the manufacturer’s
instructions.

BrdU Incorporation and Cell Cyele Analysis. Subconfluent
HT29 cells were treated with 31h or roscovitine at concentrations
corresponding to [Ceg values (S0/70 M} for 3, 6. and 12 h. The
cultures were fed a pulse of 10 gM S-bromo-2"-deoxyuridine (BrdU)
for 30 min at 37 °C before harvesting. The cells were trypsinized,
fixed with ice-cold 70% ethanol, incubated on ice for 30 min,
washed with PBS, and resuspended in 2 M ag HCL for 30 min at
room temperature to denature their DNAL Following neutralization
with 0.1 M NaaB3407, the cells were harvested by centrifugation
and washed with PBS containing 0.5% Tween-20 and 1% BSA.
They were then stained with amti-BrdU FITC-labeled antibody (1:
50, Becton-Dickinson) for 30 min at room temperature in the dark.
The cells were then washed with PBS, incubated with propidium
iodide (0.1 mg/mL) and RNAse A (0.5 mg/mL) for 1 h at room
temperature in the dark, and finally analyezed by flow cylometry
using a 488 nm single beam laser {(FACSCalibur, Becton Dickin-
son).

RNA [Isolation and Reverse Transcription. Total RNA was
extracted from treated/control H1-29 cells (5 x 10°) cultured in
G-well panels with TRI reagent {Molecular Research Center,
Cincinnati, OH}) according to the manufacturer’s instructions. The
concentration and purity of isolated RNA was assessed by UV
spectroscopy. Three microgram portions of total RNA were used
for reverse transcription in a [inal volume of 30 gl. The RNA
solution was preincubated with 0.3 pig of random primers (Promega)
at 70 °C for 5 min and immediately placed on ice. Then, 6 ul. of
5x RevertAid reverse transcriptase bufler (Fermentas), 3 gl of 10
mM deoxyribonucleotide triphosphates (dNTDPs), and 0.75 pl. of
40 Uipl. RN Asin ribonuclease inhibitor (Promega) were added. and
the mixtures were incubated for 5 min at room temperature. In the
final step, 150 U of RevertAid Moloney murine leukaemia virus
reverse transcriptase (Fermentas) was added to each tube. the
samples were meubated at 42 °C for 60 min, and the reverse
transcriptase was then heat-inactivated at 95 °C for § min.

Real-Time Polymerase Chain Reaction (RQ RT-PCR). Two
epithelial genes, encoding CEA (CEACAMS) and human EpCAM
(TACSTID 1). and one housckeeping gene, |:|1codmg (&2 J\PI)I—] were
selected for analysis of transcriptional inhibition using ¢ ve
real-time PCR. Primers were selected using PrimerPremier3
software and NCBI reference sequences (accession numbers
NM_0104363, NM_002354, and NM_002046, respectively). Specific
primers from two different exons and probes (Generi-Biotech, Czech
Republic) to span introns were designed to reduce amplification
of genomic DNAL The following primers and probes were used:
CEA3 5-TAA GTG TTG ACC ACA GCG ACC C-3, CEA4 5'-
GTT CCC ATC AAT CAG CCA AGA A-Y, CEA probe 3
l((‘ I(‘J ATG (r( (‘ CAG -\((1 A(( (‘3 -BHQ1 II}

II . JCOAGT Il’.\ TAA C
}pf AM pmhc *' TTG CGG ACT GCA CTT CAG AAG GA-3
BHQI-HEX: GAPDH-F 5-GAA GAT GGT GAT GGG ATT TC-
¥, GAPDI-R 5-GAA GGT GAA GGT CGG AGT-3, GAPDIT
probe 5-CAA GCT TCC CGT TCT CAG CC-3-BHQI-FAM. RQ
RT-PCR reactions were performed in 25 ul. reaction volumes
consisting of 1 1 of HotStart Tag polymerase, 3 mM MgCly, 10x
PCR buffer (AB Gene), 200 gM dNTPs (Promega). 100 ng DNA,
and variable amounts of primer/probe: 300 nM CEA3, 600 nM
CEA4, and 200 nM CEA probe; 400 oM EpCAM3, 400 nM
EpCAM4, and 200 nM EpCAM probe; 300 nM GAPDH-F, 300
nM GAPDII-R. and 200 nM GAPDIT probe. The optimized thermal
profiles for amplification involved 15 min Tag polymerase activa-
uon at 96 °C, followed by 50 cyeles at 95 °C for 15 s and 65 °C
for 15 s (CEA), 50 cycles at 95 °C for 15 s and 59 °C for 15 5
(EpCAMY). and 50 cyeles at 95 “C for 15 s and 60 “C for 30 s
(GAPDH). Gene expression was quantified from calibration curves
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using appropriately diluted gene specific amplicons ranging between
30 and 1 000 000 copies per reaction. Each sample was analyzed
in duplicate. Positive and negative controls were also incorporated
into each experiment to evaluate reproducibility and possible sample
comamination during the PCR procedure.
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3. Souhrnné vysledky a diskuse

Maligni nadory vychazejici z epitelidlnich tkani jsou nejcastéjsi formou nadorového
onemocnéni v zapadnich zemich. I pfes obrovsky pokrok v 1é¢bé onkologickych onemocnéni
zustava mortalita stale vysoka. Pokrok v 1é¢b¢ je v soucasnosti obecné nejlépe vidét na poméru
stale rostouci incidence nadorovych nemoci, avSak stagnujici mortalité. Mortalita je stale vice
spojena se vznikem vzdalenych metastaz, které se objevi az béhem protinddorové 1é¢by nebo po
jejim ukondeni, nejsou vsak diagnostikovatelné v ¢ase primarni diagnézy. Riziko vzniku
metastaz se d& odhadnout pomoci statistickych dat, kterd vychézeji z tdaju jako je velikost
primarniho  tumoru, postizeni lymfatickych uzlin, gradingu, angioinvaze apod.
Nediagnostikovatelné okultni nddorové bufiky ¢i mikrometastdzy mohou pfispét k netspéchu
primarni lé¢by tim, ze 1écba je podhodnocena, coz vede ke zhorSeni prognozy pacienta.
V soucasnosti neexistuje standardni metoda s dostatecnou citlivosti pro detekci mikrometastaz
nebo okultnich nddorovych bunék. Pokud by existovala, bylo by mozné identifikovat pacienty
S vy$§im rizikem vzniku metastdz, na které by se mohla zaméfit adjuvantni chemoterapie,
uréend primarné k eliminaci zbylych, okultnich nddorovych bun€k. A naopak by bylo mozné
identifikovat pacienty s nizkym rizikem, u kterych by bylo mozné se vyhnout podani nakladné a
Casto velmi zatézujici chemoterapie.

Dnes bézné pouzivané zobrazovaci, biochemické, cytogenetické ani imunologické metody
neumoziiuji detekei cirkulujicicich nadorovych bun€k a mikrometastaz s poZadovanou
citlivosti. Teprve rozvoj molekularné-biologickych metod zalozenych na principu PCR umoznil
zvysit senzitivitu a detekovat az 1 nddorovou buriku mezi 1-10 miliony buné€k nenadorovych.
Tyto metody se dnes s uspéchem pouZivaji u hematologickych malignit, kde jsou pro jednotlivé
diagnozy diky dobfe popsanym genetickym zménam dostupné vysoce specifické markery
nadorovych bun¢k. U solidnich tumorti se z divodu vysoké miry genetické instability a
nadorové heterogenity dostate¢né senzitivni a specifické markery teprve hledaji.

V predkladané praci byla pro detekci MRD u solidnich tumord zvolena pro svou vyjimecnou
senzitivitu metoda kvantitativni RT-PCR. Dle publikovanych praci byly vybrany kandidatni
geny, jez se vyznacovaly vysokou specificitou pro nddorové tkané. Byl proveden vlastni design
primerd a prob vcetné piipravy standardd pro absolutni kvantifikaci genové exprese.
Optimalizace RT-PCR v sob& zahrnovala ovéfeni specifity a senzitivity navrZzenych markert
pro detekci MRD. Vysledky potvrzuji velmi vysokou a specifickou expresi
karcinoembryonalniho antigenu a cytokeratinu 20 v kolorektalnich karcinomech a na vysoce

specifickou expresi mamaglobinu 1 a cytokeratinu 19 v karcinomech mamarniho puvodu.
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Senzitivita metody byla experimentalné ovéiena a potvrdila moznost detekce 1 nddorové bufiky
mezi 1-4 milidny buiikami nenddorovymi v zavislosti na pouzitém markeru. Diagnosticka
specific¢nost byla ovéfena ve vzorcich krve 58 zdravych darct a je u vSech testovanych markert
nad drovni 95%, kromé CEA, kde ¢&ini 94,4%. Zvolené markery tedy poskytuji dostateénou
senzitivitu a specificitu pro detekci MRD u vybranych solidnich nadora (kapitola 2.3.1).
Potieba identifikovat nové markery s jesté vyssi specificitou a senzitivitou vsak stale trva.
Jednou z moznosti identifikace vhodnych markertt pro detekci MRD je pouZiti modernich
metod zaloZenych na principu DNA microarrays. Statistickym porovnanim expresnich profilti
nadorovych a nenadorovych tkani lze nalézt diferencialné exprimované geny specifické pro
jednotlivé nadorové subpopulace, které je mozné suspéchem vyuZit pro detekci MRD
metodami QRT-PCR. Provedli jsme metodou DNA microarray za pouziti Affymetrix U133
Plus 2.3 Array analyzu genové exprese v 30 mikrodisekovanych vzorcich tkani (5 vzorkl
invazivniho duktalniho karcinomu, 5 vzorkd invazivniho lobularniho karcinomu, 10 vzorki
normalnich duktalnich bun€k a 10 vzork normalnich lobularnich bunék). Byly identifikovany
dva kanditatni geny, asporin a collagen triple helix repeat containing |, zapojené do procesu
karcinogeneze karcinomu prsu. Dale bylo zjisténo, ze proteiny EMPI (Epithelial membrane
protein 1), DVLI (Dishevelled, dsh homolog 1), DDRI (Discoidin domain receptor family,
member 1) jsou diferencialné exprimované v buitkach lobularniho a duktalniho karcinomu, coz
mize byt uzitecné pii histopatologické diagnostice. Geny kodujici tyto proteiny lze v budoucnu
vyuzit jako markery cirkulujicich nadorovych bunék pro detekci MRD u jednotlivych
histogenetickych podtypi karcinomu prsu (kapitola 2.3.2).

V ptedkadané praci byla zavedena a zvalidovana metoda QRT-PCR pro detekci MRD u
solidnich nadort. Panel sedmi specifickych markeri (Tab. 1) 1ze vyuzit nejen pro detekci MRD,
ale také pro diferencialni diagnostiku metastdz a malignich vypotkli neznamého pivodu.
Obecné se jedna o 3-7% pacientl s diseminovanym nddorovym onemocnénim, u nichz nelze
soucasnymi zobrazovacimi a histopatologickymi metodami urcit primarni lozisko. To se
samoziejmé negativné odrazi v nesnadné 16¢bé a Spatné prognodze onemocnéni, kdy median
pteziti ¢ini 3-4 mésice. Byla publikovana kazuistika 74 letého muZe s nahle vzniklou
kvadruparézou a nalezem miSni metastazy. Histopatologicky se jednalo o metastazu
adenokarcinomu, primarni tumor nebyl nalezen. Provedend imunohistochemickd (negativita
CK7, CK20, TTF1) ani molekularni (nepfitomnost aktivujicich mutaci v genech EGFR1 a k-
ras) vySetieni nevedla kurceni primarniho plivodu metastdzy. V tomto piipad¢ se vsak
nepodafilo provést RT-PCR analyzu exprese specifickych genli vzhledem nedostate¢nému

mnozstvi vyizolované kvalitni RNA. Stanovenim exprese vybranych specifickych markert
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metodou RT-PCR lIze ale v mnoha ptipadech pomoci v diferencialni diagnostice téchto
zévaznych onemocnéni (kapitola 2.3.3).

V predkladané praci byl vyznam piitomnosti MRD u pacientl se solidnimi tumory sledovan na
souboru pacientli s kolorektalnim karciomem a karcinomem prsu. Pro detekci MRD u pacientt
S karcinomem tlustého stieva a kone¢niku byly jako markery nadorovych bunék vybrany CEA a
CK 20. Pro detekci mikrometastaz v sentinelovych uzlinich a v kostni dfeni u pacientek
s karcinomem prsu byly jako markery pouzity MGB1 a CEA. Kvantitativni stanoveni genové
exprese markerit MRD umoziuje ur¢it cut-off hodnoty s rozliSenim mezi fyziologickym a
patologickym stavem. Nasledné umoziiuje posoudit zmény v pfitomnosti -cirkulujicich
nadorovych bunék béhem dispenzarizace pacienta. Cut-off hodnoty byly v nasi studii stanoveny
na zakladé analyzy exprese jednotlivych markerti v kontrolni skupiné zdravych darct krve.

Byla sledovana piitomnost MRD v kostni dieni u 70 pacientek s karcinomem prsu klinického
stadia I-111. U 8 pacientek (11,4%) doslo k rozvoji recidivy nddorového onemocnéni. Median
sledovani byl 22 mésici. Metodou QRT-PCR pro CEA jsme prokazali pfitomnost MRD
v kostni dieni u 41% (29 ze 70) pacientek. Ctyfi z osmi udélosti hodnocenych v ramci DFS byly
popsany u pacientek s CEA pozitivitou kostni dfené. Nicméné 2 udalosti ve skupiné s CEA
pozitivitou nemély pfimy vztah k nadoru. Ve skupiné s CEA pozitivitou kostni dfené byl
pozorovan trend ke kratSimu DFS, ktery byl t€sn€¢ nad hranici statistické vyznamnosti
(p=0,05548). Nicméné tento trend nebyl potvrzen obdobnymi nalezy u DMFS ani RFS. Nebyla
potvrzena korelace s ostatnimi klinickymi a laboratornimi prognostickymi faktory. Studie
prokazala, ze technika QRT-PCR pro CEA muze byt vyuzita pro detekci MRD v kostni dfeni
pacientek s ¢asnymi stadii karcinomu prsu. Prognosticka hodnota MRD v kostni dfeni pacientek
s karcinomem prsu vSak zlstava nejasna (kapitola 2.3.4.1).

Déle jsme se u pacientek s karcinomem prsu zabyvali mikrometastatickym postizenim
sentinelovych lymfatickych uzlin a jeho prognostickou hodnotou. Byl vySetien a sledovan
soubor 44 pacientek operovanych pro karcinom prsu. Median sledovani souboru byl 25,1
meésicl, median doby do progrese 17,4 mésict, k progresi doSlo béhem sledovani u 7 pacientek
(15,9%). Metodou QRT-PCR pro CEA, MGB1 a CK19 jsme detekovali pfitomnost
mikrometastaz v sentinelovych lymfatickych uzlinach u 59% pacientek (26/44), pii¢emz
histopatologicky bylo detekovano metastatické postizeni pouze u 32% pacientek (13/41).
V souboru 28 pacientek s histopatologicky negativnimi sentinelovymi uzlinami jsme metodou
QRT-PCR detekovali mikrometastické postizeni az u 10 pacientek (36%).

Zamétili jsme se zejména na pacientky s histopatologicky negativnimi sentinelovymi

lymfatickymi uzlinami (28 pacientek) a rozdélili jsme je dle QRT-PCR pozitivity
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mikrometastatického postiZeni. Zjistili jsme rozdil v DFS mezi obéma skupinami, zatim ne vSak
statisticky signifikantni (p<0,16) (kapitola 2.4.2.2, obr. 8). Ve skupiné pacientek s
histopatologicky negativnimi uzlinami (pT1-2NOMO), maji pacientky s QRT-PCR pozitivnimi
uzlinami  kratSi DFS a vysSi riziko rozvoje recidivy, nez pacientky suzlinami QRT-PCR
negativnimi. Ve skupiné 10 pacientek s QRT-PCR pozitivnimi uzlinami doslo ke dvéma
generalizacim onemocnéni, jedné lokalni recidivé a jednomu naslednému umrti. Ve skupiné 18
pacientek s negativnimi uzlinami dos§lo pouze k jedné recidivé (recidivé v jizve) a k zadnému
amrti. Zadna z téchto &étyt pacientek neobdrzela systémovou adjuvantni chemoterapii (kapitola
2.2.4.2).

V dalsi kapitole predkladné prace (kapitola 2.3.4.4) se zabyvame piitomnosti MRD u pacientti
s kolorektalnim karcinomem a jeji prognostickou hodnotou. Ve sledované skupiné 147 pacienti
s kolorektalnim karcinomem klinického stadia I-111 doSlo u 24 (16,3%) k rozvoji recidivy
nadorového onemocnéni. Median sledovani byl 22,9 mésicti. Pfitomnost MRD byla detekovana
v peroperaénich vzorcich krve a kostni dfené 51,7% pacient za pouZiti QRT-PCR pro CEA a
CK20. V kontrolnich vzorcich 1 mésic po operaci byla detekovana pfitomnost MRD u 47%
pacienttl. Pacienti s pozitivitou MRD v peropera¢nim vzorku krve za pouziti CEA (Obr. 10A) a
Vv kontrolnim vzorku za pomoci CK20 (Obr. 10D) méli statisticky vyznamné krat$i DFS (p =
0,05, resp. p = 0,0005) a vyssi riziko vzniku recidivy onemocnéni (HR = 2,726, resp. HR =
3,729). Obdobné bylo zjisténo, Ze pacienti s pfitomnosti MRD v kontrolnim vzorku kostni
dfené za pouziti CEA (Obr. 11B) a za pouziti kombinace CEA a CK20 (Obr. 11F) méli
statisticky vyznamné krat$i DFS (p = 0,01, resp. p = 0,00035) a vyssi riziko vzniku recidivy
onemocnéni (HR = 3,328, resp. HR = 3,746), neZ pacienti bez pfitomnosti MRD v kontrolnim
vzorku kostni dfené. Dale nds zajimala skupina pacientl, u nichz QRT-PCR vySetfeni
neprokazovalo pfitomnost MRD ani v peroperacnich, ani v kontrolnich vzorcich mésic po
operaci, ale vysledky indikovaly nartist exprese epitelialnich markerts pro moznou pfitomnost
nadoru. Bylo zjisténo, ze jiz 60% zvySeni exprese CEA Vv kostni dfeni, které vSak stale
nedosahuje cut-off hodnot pro pozitivitu MRD, identifikuje statisticky vyznamné (p = 0,005)
pacienty s kratsim DFS a vy38im rizikem vzniku recidivy (HR=3,283) (Obr. 12). Vzhledem
k interindividualni variabilité v expresi jednotlivych markerd lze pfedpokladat, Ze tito pacienti
maji jiz primarné velmi nizkou cut-off hodnotu exprese CEA. Vysledky nasi studie ukazuji, ze
nejenom MRD pozitivita, ale také dynamika exprese markerd miZe identifikovat rizikové
pacienty.

Pfi hodnoceni pfitomnosti MRD jako nezavislého prognostického faktoru byla porovnana MRD

pozitivita vkrvi a kostni dfeni vden operace a jeden mésic po vykonu s klasickymi

120



prognostickymi faktory (TNM stadium, hloubka invazivity, postizeni lymfatickych uzlin,
velikost tumoru, sérové hladiny onkomarkertt CEA a CA 19-9). Nebyly prokazany zadné
statisticky vyznamné rozdily (Tab. 11). Pfitomnost MRD také nesouvisi s pohlavim, lokalizaci
nadoru a gradingem (Tab. 10). Byly nalezeny pouze jednotlivé rozdily v analyzovanych
skupinach, avSak bez statisticky vyznamného zvysujiciho se trendu vzhledem k hodnocenym
parametrum. Dle naSich vysledkd je pritomnost MRD nezavislym prognostickym faktorem
(kapitoly 2.3.4.3a2.3.4.4).

V posledni ¢asti dizertaéni prace prezentujeme vyuziti metody kvantitativni RT-PCR
k objasnéni mechanismu G¢inku novych protinddorovych 1é¢iv. Vzhledem k piesnosti absolutni
kvatntifikace metody QRT-PCR a diky pomérné specifické a stabilni expresi ndmi zavedenych
markertt MRD, Ize tyto markery vyuzit pfi sledovani mechanismu u€inku novych latek.
Inhibitory cyklin-dependentnich kindz se vyznaduji vrizné mife vyjadienou schopnosti
inhibice bunééného cyklu a transkripce. Sledovali jsme mechanismus uéinku 4-arylazo-3,5-
diamino-1H-pyrazolu v nadorové linii kolorektalniho karcinomu HT29. QRT-PCR metodou pro
CEA, EpCAM a GAPDH byla zjisténa vyrazna inhibice transkripce. Naslednymi analyzami byl
zjistén vyrazny inhibi¢ni uéinek 4-arylazo-3,5-diamino-1H-pyrazolu na cyklin-dependentni
kindzu 9, ktera piimou foforylaci RNA-polymerazy II kontroluje proces transkripce. P¥esnou
kvantifikaci genové exprese metodou QRT-PCR lze piispét k objasnéni mechanismus tu¢inku

novych latek s potencionalnim protinddorovym ucinkem. (kapitola 2.3.5)
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4. Souhrn

Minimalni rezidudlni choroba u solidnich tumorii, detekovana at’ jiz ze vzorku krve, kostni
dfen¢ nebo lymfatickych uzlin, je pfedmétem vyzkumu jiz n€kolik let. Pro jeji detekci se stale
Castéji vyuzivaji molekularné-biologické metody vyznacujici se vysokou citlivosti, zejména
metody zalozené na principu PCR. Za vysokou citlivosti v§ak pon¢kud pokulhdva specificita
jednotlivych markert pouzivanych pro detekci okultnich nadorovych bunék.

Prvnim cilem pfedkladané prace bylo zavést a optimalizovat metodu QRT-PCR pro detekci
MRD u solidnich tumord. Byla provedena kompletni validace metody vcetné stanoveni
senzitivity a specificity. Jako markery pro detekci MRD u kolorektalniho karcinomu byly
vybrany CEA a CK20, pro karcinom prsu poté CEA, MGB1 a CK19. Vybrané markery se
vyznacuji vysokou senzitivitou a specificitou.

Dale jsme se zaméfili na identifikaci novych potencionalnich markeri s vyuzitim metody DNA
microarrays. V souboru vzorkl karcinomu prsu byly identifikovany diferencialné exprimované
geny kodujici proteiny EMPI (Epithelial membrane protein 1), DVLI (Dishevelled, dsh
homolog 1), DDRI (Discoidin domain receptor family, member 1) umoziujici rozliSeni
lobulérniho a duktélniho karcinomu.

Vyznam pfitomnosti MRD u pacienti se solidnimi tumory byl analyzovan u pacientl
s karcinomem tlustého stieva a kone¢niku a u pacientek s karcinomem prsu. NaSe studie
prokazala, ze pifitomnost MRD v periferni venézni krvi a kostni dieni u nemocnych s
kolorektalnim karcinonem zji$téna metodou QRT-PCR pro znaky CEA a CK20 je nezavislym
negativnim prognostickym znakem a identifikujici rizikové pacienty, které dle dnednich kritérii
fadime do potencialné ¢asnych stadii kurabilnich lokalni 1é¢bou. Prokazali jsme také negativni
prognostickou hodnotu MRD v kostni dfeni pacientek s karcinomem prsu a jasny trend ke
kratSimu DFS u pacientek s MRD pozitivitou sentinelovych uzlin.

QRT-PCR metodou pro CEA, EpCAM a GAPDH byl sledovan mechanismus u¢inku 4-arylazo-
3,5-diamino-1H-pyrazolu. Byla zji§téna vyrazna inhibice transkripce, naslednymi analyzami byl
potvrzen vyrazny inhibi¢ni G¢inek na cyklin-dependentni kindzu 9. Uvedend metoda expresni
analyzy tak byla vyuzita pro studium molekularniho t¢inku protinddorovych 1éciv.

Detekce MRD metodou QRT-PCR piedstavuje uéinny nastroj v klinické onkologii, ktery svym
pfinosem v oblasti ultrastagingu znamena zpiesnéni diagnostiky a nasledné 1é¢by onkologicky
nemocného pacienta v duchu ,,spravna 1é¢ba, spravnému pacientovi, ve spravnou chvili“. Pro
definitivni zhodnoceni a zafazeni vysSetfeni MRD do algoritmu rozhodovani o podani
adjuvantni 1écby pacientiim s kurabilnim karcinomem bude potieba del§iho sledovani vétSich

soubori pacientt.
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5. Summary

Minimal residual disease detection in blood, bone marrow and lymph nodes in patients with
solid tumors is being investigated for several years, and the PCR based methods are the most
useful techniques for MRD detection due its high sensitivity and specificity.

Optimizalization of QRT-PCR method for MRD detection was the first objective of this work.
Complete validation of methods including determination of sensitivity and specificity was
successfully performed. CK20 and CEA were selected as markers for the detection of MRD in
colorectal cancer, while CEA, CK19 and MGB1 were used in breast cancer. Selected markers
were typical of high sensitivity and specificity.

Another part of the study was focused on identification of novel specific biomarkers for breast
cancer with potential use as biomarkers for MRD detection. We used microarrays method to
analyze differentially expressed genes in breast cancer (ductal versus lobular subtypes) and the
proteins EMPI (Epithelial membrane protein 1), DVLI (Dishevelled, dsh homolog 1), DDRII
(Discoidin domain receptor family, member 1) were specifically identified. These proteins
allow discrimination of lobular and ductal breast cancer.

Due to tumor specific expression profiles, the MRD markers can be used also for differential
diagnosis of metastases and effusions of unknown origin. Performed histopathological and
immunohistochemical examinations sometimes don’t lead to determining the primary origin of
metastases. In such cases it is possible to use molecular-biological methods based on the PCR
principle.

The significance of MRD was analyzed in two patients cohorts with colorectal and breast
cancer. Our study showed that the presence of MRD in peripheral venous blood and bone
marrow in patients with colorectal cancer using QRT-PCR for CEA and CK20 is an
independent negative prognostic factor identifying patients at high risk of disease recurrence.
We demonstrated a poor prognosis of breast cancer patients with MRD presence in the bone
marrow and a clear trend towards shorter DFS in patients with MRD positive sentinel lymph
nodes.

Moreover, QRT-PCR method for CEA, EpCAM and GAPDH was used for identification the
mechanism of action of potential anticancer drugs 4-arylazo-3 ,5-diamino-1H-pyrazole. There
was found significant inhibition of transcription, subsequent analysis had confirmed a
significant inhibitory effect on cyclin-dependent kinase 9.

The presented study shows, that the detection of MRD in solid tumors is an effective tool in
clinical oncology, which contributes to the more precise diagnosis and subsequent treatment of

cancer patient in the spirit of “The right treatment to the right patient at the right time”.
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However, for the final evaluation and inclusion of MRD testing into the standard diagnostic

algorithm of early cancer patients we will need a more extensive studies.
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