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1 SEZNAM POUZITYCH ZKRATEK

3'UTR 3'neptepisovany konec (z angl. UnTranslated Region)

5-FU 5-fluorouracil

AGO Argonaute

C.elegans  Caenorhabditis elegans

CA19-9 karbohydratovy antigen 19-9

CAF nadorem asociovany fibroblast (z angl. Cancer Associated Fibroblast)
CEA karcinoembryonalni antigen

CT prahovy cyklus (z angl. Cycle Treshold)

EMT epitelové-mesenchymadlni ptechod

ERCP endoskopicka retrogradni cholangiopankreatografie

FNAB tenkojehlova aspiracni biopsie (z angl. Fine Needle Aspiration Biopsy)
FNKV Fakultni nemocnice Kralovské Vinohrady

FFPE material zpracovany parafinovou technikou (z angl. Formalin Fixed
Paraffin Embedded)

GC gemcitabin

HPF zorni pole s velkym zvétSenim 40x (z angl. High Power Field)
IPMN intraduktélni papildrni mucin6zni neoplazie

isomiR miRNA s post-transkripéni modifikaci v nukleotidech

ISH in situ hybridizace

Let-7 Lethal-7

oncomiR onkogenni miRNA

MCN mucindzni cysticka neoplazie

miR microRNA

MiRNA microRNA

MRE z angl. miRNA Response Element

nm nanometr

PanIN pankreaticka intraepitelialni neoplazie

pre-miRNA  perkurzorova miRNA

pri-miRNA  primarni miRNA

PSC pankreatickd hvézdicova buiika (z angl. Pancreatic Stellate Cell)
RNA ribonukleova kyselina

RNA seq RNA sekvenace



(ON}
PDAC
PFS
RISC
RT-gPCR
snoRNA
snRNA
TCGA
TNM
UICC

celkova délka preziti (z angl. Overall Survival)

pankreaticky duktalni adenokarcinom

délka pieziti do progrese nemoci (z angl. Progress-Free Survival)
z angl. RNA-induced silencing complex

z angl. Real Time quantitative Polymerase Chain Reaction

z angl. small nucleolar RNA

z angl. small nuclear RNA

z angl. The Cancer Genome Atlas

z angl. Tumor, Node, Metastasis

z angl. Union for International Cancer Control



2 UvVoD

2.1 Duktalni adenokarcinom pankreatu

2.1.1 Epidemiologie

Duktélni adenokarcinom (PDAC) predstavuje 90 % nové diagnostikovanych
nadorova onemocnéni. Dle udajii Narodniho Onkologického Registru CR bylo v roce
2016 zjisténo 1165 novych pripadd u muzi a 1078 piipadii u Zen. Tato diagnoza tvori
jak u muzq, tak u zen ¢tvrtou nejcastéjsi pric¢inu umrti na zhoubny nador, v roce 2016
bylo zaznamenano 1058 Gmrti muzi a 1020 Gmrti Zen (Novotvary 2016, UZIS).
Incidence nemoci se postupné zvysuje od 45-50 let a ma vrchol ve véku 70-75 let
(svod.cz). Pod 50 let je vyskyt PDAC neobvykly; v téchto piipadech je casto asociovan
s dédi¢nymi nddorovymi syndromy (James et al. 2004).

2.1.2 Histologicka klasifikace

Nejcastéjsim histologickym typem PDAC je adenokarcinom vyvodového typu.
Nadorové elementy piipominajici hlenotvorny epitel biliarniho typu tvofi infiltrativné
rostouci nepravidelné tubularni a kribriformni struktury. V hife diferencovanych
nadorech jsou vyrazn&j$i jaderné atypie, zvySena mitotickd aktivita, omezeni
hlenotvorby, solidné trabekularni a disociativni uspofadani. Castd je perineuralni
propagace a lymfovaskularni invaze. V nékterych nddorech je velka c¢ast objemu
tvofena desmoplastickym stromatem. Vzacngj$i histologické varianty PADC jsou
adenoskvamoézni, medularni, hepatoidni, koloidni a nediferencovana (Vincent et al.
2011).

Hodnoceni PDAC podle anatomického rozsahu progrese nemoci je uvedeno v
TNM Kklasifikaci, 8. vydani (Brierley et al. 2017). Pokrocilost nadoru je urovana podle
lokalniho nalezu, tj. nejvétSsiho rozméru nadorového loziska, Sifeni do
peripankreatického tuku, prortistani do velkych splanchnickych cév, a dale pfitomnosti

metastaz do lymfatickych uzlin a metastdz vzdalenych.

2.1.3 Diagnostika a terapie
Vic nez dvé tetiny pacienti s PDAC jsou diagnostikovany s lokaln€ pokrocilym

nadorem nebo se vzdalenymi metastazemi, tedy v inoperabilnim stadiu (Vincent et al.
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2011). Pfi¢inou pozdni diagnoézy je skutecnost, Ze specifické symptomy se manifestuji
az v pokro€ilém stadiu nemoci. Navic nador jevi lokdlni znamky agresivniho chovani
jiz v inicidlnich fazich vyvoje; invaze a perineuralni Sifeni byly prokazany i u malych
karcinoml ndhodn¢ nalezenych pfii pitve (Kimura et al. 2000). U pacientii s operabilnim
nadorem patii k hlavnim pfiznaklim nemoci bolest bficha, ikterus a nevolnost (Keane et
al. 2014). Dalsimi méné obvyklymi pfiznaky jsou gluk6ézova intolerance, epizody
pankreatitidy, migrujici tromboflebitida (Troussealiv ptiznak) a splenomegalie (Li 2012;
Li et al. 2017; Thayalasekaran et al. 2009; Chen et al. 2012). Cast piipadd je
diagnostikovéna incidentalné pfi vySetieni zobrazovacimi metodami (Santo et al. 2017).

V dnesni dobé doporuceny 1é¢ebny postup u pacientli s ¢asnym operabilnim
tumorem je pankreatoduodenektomie, distdlni pankreatektomie nebo totdlni
pankreatektomie (Acher et al. 2018; Jing et al. 2013; Andrén-Sandberg et al. 2016) s
moznosti neoadjuvantni chemoterapie gemcitabinem (Scheufferlein et al. 2019). Po
resekci je zavadéna adjuvantni terapie gemcitabinem, piipadné s pfidanim 5-

fluorouracilu nebo dalSich chemoterapeutik (Gbolahan et al. 2019).

2.1.4 Prognostické faktory

Prognéza PDAC je navzdory soucasnym pokrokiim v protinadorové terapii
extrémné neptizniva. Dlouhodobég se prognodza pacientli diagnostikovanych ve stadiu I a
IV vyrazné neli$i. Pétileté preziti je navzdory intenzivni 1écbé pouhych 2-9 %
(McGuigan et al. 2018). Podle ocekavani bude PDAC predstavovat v roce 2030 druhou
nejcastéjsSi pfi¢inu Umrti na nadorovd onemocnéni (Rahib et al. 2014). Béhem
poslednich dekad doSlo k vyznamnému zlepSeni pieziti nemocnych po chirurgickém
vykonu, mortalita v poopera¢nim obdobi klesla z 25 % v sedmdesatych letech na 2 %
v soucasné dobé (Shirai et al. 2016). Dlouhodoba prognéza po resekci PDAC ale
zustava neprizniva (Huang et al. 2018), Casem se u vétSiny operovanych pacientli objevi
lokoregionalni recidiva nebo metastaticky rozsev (Jones et al. 2019).

Adjuvantni chemoterapie prodluzuje median pieziti operovanych pacientii o 6
mésict (Gbolahan et al. 2019). K faktorim negativné ovliviiujicim pieziti u PDAC patii
pozitivni resek¢ni okraj, pfitomnost uzlinovych metastdz, perineuralni a vaskularni
nadorova invaze (Winter et al. 2006; Bilici 2014). Dlouhodobéjsi prognéza jednotlivych
nemocnych je nepiedvidatelnd, v souboru 95 pacientll ptfezivajicich vic nez 5 let po
resekci PDAC byly ve 41 % piipadii v resekatu pozitivni lymfatické uzliny a ve 24 %

pfipadi byl pozitivni resekéni okraj; relaps byl pozorovan i1 vice nez 10 let po
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chirurgickém zékroku (Ferrone et al. 2012).

2.1.5 Biomarkery pro PDAC v klinické praxi

Z divodu obtizi v Casné diagndéze PDAC a Casto nepiiznivého pooperacniho
pribéhu onemocnéni jsou cestou intenzivniho vyzkumu hleddny nové diagnostické a
prognostické biomarkery. NejpfinosnéjSim v soucasné dobé klinicky pouzivanym
biomarkerem je CA19-9, ktery je ale pro nizkou specificitu nevhodny ke screeningu
asymptomatickych pacienti. CA19-9 muze byt faleSn¢ pozitivni pii obstrukéni
cholestaze nebo pii zanétech pankreatu (Poruk et al. 2013). Karcinoembryonalni antigen
(CEA) se uplatiiuje v klinické diagnostice PDAC v mensi mife; je pozitivni i u
karcinomu kolorektdlntho (Meng et al. 2017). CA19-9 a CEA jsou vhodné pro
monitoraci pacientl s jiz diagnostikovanym PDAC, jejich hladina mé téz prognosticky
vyznam (Poruk et al. 2013; Meng et al. 2017). Dalsi experimentdlné¢ navrzené
diagnostické, prediktivni a prognostické¢ biomarkery PDAC jsou napi. Glypican-1,
Osteopontin, hENT1 a SMAD-4 (Hasan et al. 2019). Navzdory slibnym vysledkiim
dosud provedenych studii zddnd z uvedenych molekul zatim nenaSla §ir$i uplatnéni
v klinické praxi. V poslednich letech se jako potencidlni biomarkery dostaly do poptedi

pozornosti nekodujici RNA molekuly, véetné microRNA (miRNA).
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2.2 Zakladni charakteristiky miRNA

MiRNA patii mezi kratké nekodujici vldkna RNA s primérnou délkou 22
nukleotidii. Jednd se o evolucné konzervované molekuly, jejichz exprese byla
prokdzana v fisi rostlin i zivo¢ichii (Wang et al. 2019; Gebert et al. 2019). Prvnim
predstavitelem dnes jiz pocetné rodiny miRNA je lin-4, ktera byla objevena v roce 1993
u Caenorhabditis elegans (Lee et al. 1993). V soucasnosti je u ¢lovéka popsano vic nez
3000 miRNA (www.mirbase.org). Tyto molekuly piedstavuji jednu z klicovych
komponent regulace genové exprese, uskuteCiiujici se na epigenetické Urovni
mechanismem tzv. RNA interference. Jedna se o posttranskripcni ,,silencing® mRNA
molekul v cytoplasmé, probihajici navazanim komplementdrnich miRNA vldken na
jejich 3'UTR konec, vedouci k degradaci mRNA nebo k zastaveni translace (Lam et al.
2015). Proces RNA interference méa zna¢ny biologicky vyznam. Hraje roli v
embryogenezi a v regulacich komplexnich intracelularnich pochodi, véetné apoptdzy,
bunécného cyklu a diferenciace (Vidigal et al. 2015). Prostfednictvim RNA interference
je intracelularné regulovana exprese tisici gent (Lewis et al. 2005). Nedavno byla
objevena aktivni sekrece miRNA prostfednictvim exosomdu, ptedstavujici dulezitou
formu intercelularni komunikace (Zhang et al. 2015). Abnormality ve spektru
exprimovanych miRNA byly prokdzany u vétSiny nadorovych a nenaddorovych nemoci.
Predpoklada se, ze miRNA hraji roli v patogenezi, proto je intenzivné studovano jejich
mozné vyuziti jako diagnostickych nebo prognostickych biomarkert (Ardekani et al.

2010).

2.2.1 Biogeneze miRNA

Prvni kroky syntézy miRNA probihaji v bunécném jadfe; transkripce se
uskuteciiuje ¢innosti RNA-polymerazy II nebo RNA-polymerazy III (Ha et al. 2014).
Kanonickd drdha syntézy se uplatiiuje v tvorbé vétSiny miRNA zapojenych do
»silencingu® prostfednictvim RISC-komplexu. Nezpracovany transkript je délky az
1000 nukleotidli, oznaceny jako primarni miRNA (pri-miRNA). Zvlastnosti je parcialni
komplementarita nukleotidi uvnitf vlakna, vedouci ke vzniku ohybu zvaného ,,hairpin
loop*. Posttranskripéni modifikace pri-miRNA probihd v ,mikroprocessorovém
komplexu®, agregatu proteinti obsahujicim DGCRS a ribonukleazu III Drosha; dojde ke
splicingu a k enzymatickym modifikacim ribonukleotidi (O'Brien et al. 2018).

Vysledkem je pre-miRNA, kterd je transportovana do cytoplasmy prostiednictvim
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Exportinu-5. Tento proces je energeticky naro¢ny, vazany na Ran-GTPazu (Yi e al,
2003). Vlakno pre-miRNA je zpracovano v cytoplasmeé RNazou III Dicer, kterd odstrani
terminalni ohyb. Z duplexu miRNA je na zdklad¢ termodynamické stability sekvence
jedno zvldken (vedouci vladkno) vybrano pro vykonani regulacnich funkci v RISC
komplexu (O'Brien et al. 2018). Ve vétSiné ptipadi dochazi soucasné k degradaci
druhého, komplementarniho vldkna miRNA (miRstar nebo miRNA*). Pro regulaci
muze byt vybran transkript od 3’-konce nebo od 5’-konce pre-miRNA, selektované

vlakno je oznacovéano sufixem -3p a -5p (Bhayani et al. 2012).

Cytoplasm

Exportin 5
RanGDP

Vit L)
\ | >
N complex

: Decapping 5
miRISC ‘ it

CCR4-NOT
Translation
¥ : mRNA .
- degradation i
2 e —
XRN1 - .°

PAN2/3
Gw182

Obrazek ¢€islo 1: Drahy syntézy miRNA a mechanizmus akce (zdroj: O’Brien et al. 2018)
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Non-kanonickd drdha biogeneze miRNA se uplatiiuje béhem syntézy non
kanonickych miRNA (Babiarz et al. 2008). Tato drdha syntézy ma nékolik variant,
nekteré kroky mohou byt provadény pomoci jinych enzymovych komplexii nez
v kanonické dréze. Zpracovani transkribované pri-miRNA v jadie se mize uskutecnit
prostfednictvim Drosha/DGCRS nebo v tzv. ,,mirtronech®. Nasledn¢ dojde k transportu
pre-miRNA do cytoplasmy pomoci Exportinu-1 nebo Exportinu-5. Syntéza funkéni
miRNA dokonc¢ena pomoci komplexu proteinii Dicer nebo Dicer-independentni cestou
(Abdelfattah 2014).

Po dokonceni syntézy je vldkno miRNA zaclenéno do komplexu proteinti, jehoz
hlavni funkéni jednotkou je Argonaut (AGO). Vysledna RISC je schopna regulovat
translaci cilovych mRNA (Jonas et al. 2015). VIdkno miRNA*, které se
neinkorporovalo do RISC, nebyvad vzdy degradovdno, mizZe mit dilezité¢ funkce
regulacni (Bhayani et al. 2011).

Sekvence kodujici miRNA se casto nachdzeji v intronech vlastnich
regulovanych geni, jejich syntéza vSak probihd nezavisle na transkripci cilové mRNA
(Steiman-Shimony et al. 2018). Pfiblizné polovina miRNA je lokalizovana v jinych
genech nebo v intergennich oblastech, kde maji vlastni promotor (Rodriguez et al.
2004). Transkripce vice miRNA kodovanych ve stejné oblasti genu muze probihat

synchronng; v tomto piipadé se jednd o tzv. ,,miRNA cluster* (Altuvia et al. 2005).

2.2.2 Mechanismus tu¢inku miRNA

MiRNA jsou soucasti posttranskripcni regulace a pusobi v miRNA Induced
Silencing Complex (RISC). V ptipadé vysoké komplementarity se RISC védZe na 5'-
konec mRNA, na tzv. seed region miRNA Response Element (MRE) sekvenci, délky 6-
8 nukleotidi. Endonukledza AGO2 rozstépi mRNA, pricemz dojde i1 k rozpadu RISC a
k degradaci miRNA (Jo et al. 2015).

Ve vétsing piipadii neni komplementarita mezi miRNA a cilovou MRE sekvenci
dokonala (Cai et al. 2009). Pokud vldkno mRNA urcené k degradaci neni rozstépeno
endonukledzovou aktivitou AGO2, dochézi k destabilizaci deadenylaci na 3'-konci a
odstranénim 5'-Cepicky (O'Brien et al. 2018). Timto zptisobem lze piesnéji regulovat
inhibujici u€inek miRNA. Dal§im mechanismem regulace zprostfedkovanym miRNA je
modulace protein-syntetizujiciho komplexu (Vasudevan et al. 2007).

Bunééné jadro je rovnéZ mistem miRNA-zprostfedkované degradace mRNA.

Neékteré miRNA, napt. miR-21, se akumuluji 1 v bunééném jadie (Leung 2015).
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Vyznam nuklearni RNA-interference nebyl dosud objasnén (Roberts 2014). Recentné
byla objevena uloha nuklearnich miRNA v epigenetickém fizeni genové exprese dalSim
mechanismem, kovalentni modifikaci histonii a iniciaci metylace CpG ostravkda,

podporujici vznik heterochromatinu (Tao et al. 2017).

2.2.3 Regulace piisobeni miRNA

RNA interference prostiednictvim miRNA piedstavuje dynamicky a vysoce
regulovany proces. Jeden druh miRNA muze mit vliv na expresi vice genli. Naopak
jeden gen muze byt regulovan prostfednictvim vétsStho poctu miRNA, které jsou
dostupné v cytoplasmé v riznych koncentracich a maji odlisnou afinitu k MRE oblasti
vlakna mRNA (Cai et al. 2009). Pfi alternativnim splicingu se mRNA téhoZz genu
mohou lisit v poctu a v sekvenci MRE oblasti; to pfinasi pro miRNA moZzZnost mit
v riznych typech bun¢k odlisné, ale pfitom ptisné koordinované ucinky (O'Brien et al.
2018). Variabilita miRNA je dodatecné zvySena post-transkripéni editaci nukleotidu,
coz vede ke vzniku isomiRil vyznacujicich se riznou dynamikou (Cloonan et al. 2011).

Exprese miRNA je izce vazéna na syntézu cilové mRNA. Jednim z hlavnich
mechanismi regulace je metylace promotorti, fada miRNA genii md CpG ostrivky
v této oblasti. (Wang et al. 2013). Syntéza miRNA muze byt indukovana celou fadou
exogennich a endogennich stimuli, jako jsou hypoxie, vliv hormont, xenobiotik a
toxinl (Gulyaeva et al. 2016).

V experimentalné¢ analyzovanych vzorcich vykazuji miRNA mimotadnou
stabilitu (Glinge et al. 2017; Hall et al. 2012), v intracelularnim prostiedi je jejich obrat
ovSem rychly. Stabilita miRNA zavisi na daném typu, mize se ménit v souvislosti se
zménami diferenciace buiky (Bail et al. 2010). Cilend RNA-fizend miRNA degradace
je nejvyznamnéjSim mechanismem regulujicim Zivotnost miRNA, fungujicim cilené na
zéklad¢ komplementarity s 5’ nebo 3’ koncem miRNA (Kato 2018). Stabilita RISC je
rovnéZ ovlivnitelnd post-translaéni modifikaci AGO (Johnston et al. 2011). Omezeni
dostupnosti miRNA sekvestraci mlze regulovat jejich funkci, detailni mechanismus

tohoto procesu ale nebyl dosud objasnén (Tang et al. 2015).
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2.2.3 MiRNA v exosomech

Exosomy jsou membranou ohrani¢ené meéchyiky praméru 40-150 nm,
Sekrece exosomu probihd aktivné a je pod uzkou regulaci pomoci signaliza¢ni drahy
Rab GTPazy (Ostrowski et al. 2010). Vyloucené exosomy jsou selektivné navazany na
membranové receptory cilovych bunék (Andreu et al. 2014), internalizace pak probiha
prostiednictvim mikropinocytézy nebo endocytézy (Zhang et al. 2015). Obsahem
exosomu jsou biologicky aktivni proteiny, lipidy a nukleové kyseliny (Zhang et al.
2019). V exosomadlni frakci se ve velkém mnozstvi akumuluji nekodujici RNA
exosomu je selektivni a dosud mdlo objasnén (Zhang et al. 2015). Timto zplsobem
pfendaSené¢ miRNA mohou pravdépodobné uplatnit signalizaéni funkei, ktera je

predmétem intenzivniho vyzkumu (Sun et al. 2018).
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2.3 Detekce miRNA

MiRNA jsou v porovnani s dalSimi typy RNA vysoce rezistentni vici degradaci:
odolavaji vysokym teplotam, vykyvim pH i degradaci RNazou (Glinge et al. 2017).
Jejich integrita je dobie zachovana v biologickém materialu, 1ze je izolovat z télesnych
tekutin, ze zmrazenych tkani i z archivovanych parafinovych bloktu (Li et al. 2015;

Brown 2018; Liu a Xu 2011).

2.3.1 Metody detekce miRNA

Pro detekci miRNA je pouzivana ftada analytickych metod, s odliSnou
senzitivitou, specificitou, kapacitou a technickou naroc¢nosti.

In situ hybridizace (ISH) umoziuje v histologickych fezech pfimou vizualizaci
analyzované miRNA v jednotlivych buiikach a jejich subceluldrnich kompartmentech,
ve kterych dochézi k jeji akumulaci (Zhang et al. 2015; Babapoor et al. 2016). Zavedeni
tzv. locked nucleic acid (LNA) sond, ve kterych se nachazi synteticky nukleotid
obsahujici bicyklicky furanosovy prsten v konfomaci napodobujici RNA, pfineslo
zvySeni presnosti ISH (Vester a Wengel 2004). Vazba sondy je omezena na zralou
miRNA, bez nespecifické detekce prekurzorovych vldken pre-miRNA a pri-miRNA.
Nevyhodou ISH je nemoznost objektivni kvantifikace exprese miRNA (Lei et al. 2018).

Hybridiza¢ni mikroarraye jsou prvni velkokapacitni metodou pro analyzu
globalni exprese vysokého poctu miRNA. Hybridizace probihd na karté, obsahujici
komplementarni sondy znacené fluorescentni molekulou (Li a Ruan 2009). Komer¢ni
produkty umoznuji hodnoceni exprese az 1500 miRNA (Liu et al. 2008). Normalizace
probihd algoritmem interpretujicim ziskana data dle kvantilti exprese, lokalni regrese
nebo dle globalniho primérovani (Meyer et al. 2010). Adaptace systémi ,next-
generation sequencing umoziuje zobrazeni kompletniho transkriptomu, v poslednich
letech je proto na vzestupu uplatnéni RNA seq ve vyzkumu exprese miRNA (Chu a
Corey 2012). Proces je zalozen na tvorbé cDNA-knihoven a na masivné paralelni
sekvenaci tisice cDNA vldken. Metoda nevyZzaduje primery, vazba na reakéni komiirku
probiha RNA ligaci nebo poly-A tailingem (Giraldez 2018). RNA seq umozZziuje
identifikovat dfive nevidany pocet malych nekddujicich RNA, vcetné prekurzort
miRNA, -5p a -3p transkripti. Metoda je téz schopna objevit nové druhy miRNA a

spolehlivé diferencovat vldkna s malymi rozdily v sekvenci nukleotidii. Nevyhodou
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RNA seq je vysoka cena, technicka naro¢nost a obtiznost datové analyzy (Conesa et al.
2016; Baker 2010).

RT-gPCR pfedstavuje nejCastéji pouzivanou metodu pro zjiStovani exprese
miRNA. Prvnim krokem je reverzni transkripce izolovanych miRNA do ¢cDNA vldken.
Nasledné je analyt amplifikovdan metodou PCR (Forero et al. 2019), kvantifikace
exprese se provadi porovnanim CT hodnot vzorku nadoru a kontroly normalni tkané
(Schmittgen a Livak 2008). Komercéné piistupné karty umoziuji zvySeni kapacity
metody, s paralelni kvantifikaci exprese az stovek miRNA (Forero et al. 2019). RT-
gqPCR ma z metod vysetiujicich expresi miRNA nejvySsi senzitivitu a specificitu,
uplatituje se pfi validaci vysledkii mikroarraye a RNAseq (Chang et al. 2010; Fang a
Cui 2011). Dalsi vyhodou metody je rychlost, pfiznivd cena a nizka technicka
narocnost. Nevyhodou RT-qPCR je nespecifickd vazba klasickych primerti na miRNA
s podobnou nukleotidovou sekvenci. Zavedeni specidln¢ konstruovanych primeru,
véetné stem-loop primeri (Tagman miRNA assay, thermofisher.com) a universal
trailing primertt (miRCury LNA Universal RT PCR assay, quiagen.com) umoznilo
zvysit specificitu amplifikace (Chen et al. 2005; Jung et al. 2013).

Droplet digital PCR (ddPCR) pfedstavuje novou metodu analyzujici expresi
miRNA, umoziujici piesnéjsi kvantifikaci drobnych zmén v tekutych vzorcich (Zhao et
al. 2018). Vyhodou je mozZnost absolutni kvantifikace na zdklad€ pfitomnosti nebo
nepifitomnosti zkoumané miRNA v kapkach PCR reakce, umoZiujici zlepSeni
podminek normalizace. Uvedend metoda byla naptiklad pouZita pii stanoveni exprese
miRNA v krevnim séru pacienti s karcinomem plic, kde vykazovala dobrou

konkordanci s RT-qPCR (Campomenosi et al. 2016).

2.3.2 Standardizace detekce miRNA

Stanoveni Urovné exprese miRNA je citlivé na technickou manipulaci béhem
pre-analytické a analytické faze pokusu. Pro praktické pouziti miRNA ke klinickym
studiim je nutné zavést standardizovanou a spolehlivé reprodukovatelnou metodu
detekce. Velkym problémem v interpretaci nalezti z dosud provedenych studii je nizka
reprodukovatelnost vysledkli. Jednou =z nejdalezitéjSich pfi¢in nesrovnalosti je
nejednotna volba analytické metody pro detekci miRNA. Porovnani dvanacti
komer¢nich postupli zaméfenych na stanoveni exprese miRNA, zalozenych na RT-

gPCR, hybridizaci a RNAseq, odhalilo nizkou reprodukovatelnost vysledki (Mestdagh
etal. 2014).
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K dal$im vyznamnym zdrojim variability v hodnotach detegovanych miRNA patii
rozdily v manipulaci a skladovani odebranych vzorka (Boisen et al. 2015; Vojtechova et
al. 2017), vytéznost izola¢niho postupu (Kroh et al. 2010; Carlsson et al. 2018), odlisné
normaliza¢ni postupy (Popov et al. 2015) a zpiisob statistického hodnoceni dat (de

Ronde et al. 2018).
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2.4 Exprese miRNA v normalnich tkanich

Nékteré miRNA jsou ve tkdnich konstitutivné exprimovany, dalsi jsou pfitomny
jen v nizkych koncentracich (Ludwig et al. 2016); panel vSech pfitomnych miRNA se
oznacuje jako ,,miRnom®. Pfi porovndni miRnomu riznych typli nenddorovych
lidskych bunck byla zjisténa rozdilnd exprese miRNA, nckteré z exprimovanych
miRNA byly orgdnové specifické. Na zaklad€ extenzivni analyzy celkem 1997 miRNA
v 61 typech tkdni od dvou zemfelych byl sestaven atlas miRnomu pro lidské organy
(Ludwig et al. 2016). Kazdda miRNA ma odlisny index tkanové specificity, vétSina
miRNA je exprimovana soucasné¢ ve vice organech (Landgraf et al. 2007). Mnozstvi
konstitutivné exprimovanych miRNA, véetné miR-21, je vysoce variabilni v riznych
tkanich; nejveétsi stabilitu exprese vykazovala miR-16 (Landgraf et al. 2007).
Fyziologické hodnoty exprese miRNA v jednotlivych tkanich nebyly dosud stanoveny.
Popséna byla zna¢né interindividualni variabilita (Ludwig et al. 2016), rozdily v expresi
mohou vyvolat naptiklad i zmény stravovani nebo bézna fyzicka ¢innost (Witwer 2012;

Aoi et al. 2014).

2.4.1 Exprese miRNA v normalni tkani pankreatu

Exprese miRNA a jejich uloha v homeostdze normalni tkdn¢ pankreatu byly
studovany v men$i mife, v porovnani s roli miRNA v PDAC. Profil miRNA v tkani
pankreatu vykazoval dobrou interindividualni korelaci (Ludwig et al. 2016).
V pankreatickych acinech byla prokazana vysoka exprese miR-216 a miR-217; hladina
téchto miRNA byla v ostatnich tkédnich téla a v PDAC nizka (Szafranska et al. 2007).
Dalsi pankreas-specifickou miRNA je miR-150-3p (Ludwig et al. 2016). Exprese miR-
375 je specifickd pro Langerhansovy ostritvky, kde se podili na modulaci sekre¢niho

mechanismu inzulinu (Poy et al. 2004).
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2.5 Uloha miRNA ve vzniku zhoubnych nadori
Buiky za fyziologickych okolnosti syntetizuji stovky rtiznych molekul miRNA

ve variabilnich koncentracich (de Rie et al. 2017). Jedna se o komplikovanou a piisné
regulovanou sit’ hrajici dalezitou tlohu v modulaci exprese velké ¢asti genl. Pro
identifikaci cilovych genll jsou pfistupné vetejné databaze, napi. miRTarBase
(mirtarbase.mbc.nctu.edu.tw). Ztrata dohledu nad syntézou miRNA se jevi jako vyznamny
mechanismus uplatiujici se v nadorovém bujeni. Prvni malignitou s prokézanou
deregulaci miRNA byla chronickd lymfaticka leukemie, u které bylo zjisténo, Ze delece
chromosomu 13q14 vede ke snizeni hladin miR-15 a miR-16 v nadorovych buiikach
(Calin et al. 2002). Nasledn¢ byla abnormalni exprese miRNA potvrzena u velkého
poctu nejen nadorovych, ale i nenddorovych onemocnéni (Yang et al. 2020; Calatayud
et al. 2017). Jednim z divodu, pro¢ dochézi k deregulaci syntézy miRNA, je lokalizace
jejich gent v mistech nachylnéjSich k mutacim v tzv. tumor-fragilnich oblastech
chromosomi, kde je kddovano az 50% miRNA (Calin et al. 2004). Ve zhoubnych
novotvarech mohou mit klicové miRNA ulohu onkogent nebo tumor supresorti (Zhou
et al. 2017), pfi€emz svoji ¢innosti moduluji dilezité procesy souvisejici s malignim
chovanim, jako jsou deregulace apoptézy a bunééné proliferace, invazivni rist a
metastazovani.

Postupné bylo identifikovano vice klicovych miRNA, které maji abnormalni
expresi u velkého poctu malignit a zfejmé i podstatnou funkei v udrzovani nadorového
fenotypu. K nejvyznamnéj$im z nich patii miR-10b (Sheedy a Medarova 2018), miR-21
(Feng a Tsao 2016), miR-34a (Zhang et al. 2019), miR-155 (Higgs a Slack 2013), miR-
210 (Dang a Myers 2015) a miR-221/222 (Garofalo et al. 2012), Mechanizmus ucinku
jednotlivych onkogennich a tumor-supresorovych miRNA stile zlstava z vetsi ¢asti
neobjasnén. DileZitou otdzkou je, zda miRNA patii k zdkladnim soucastem
kancerogeneze, nebo zda jejich abnormalni exprese ptredstavuje pouze vedlejsi fenomén
doprovazejici onkologicky podstatn€jsi procesy (Witwer 2015). Vzhledem ke
komplikované a heterogenni povaze malignit je dalS$i otdzkou, do jaké miry lze
poznatky o roli miRNA v nddorovém procesu ziskanych pii studiu rtznych malignit
zobeciiovat. Pro aplikaci vysledkii preklinickych studii do klinicky efektivnich
diagnostickych a terapeutickych postupli je proto zéisadni ziskat nové znalosti

mechanismu u¢inku miRNA.
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2.5.1 Uloha miRNA v onkogenezi PDAC

Ve tkdni PDAC byla popsana abnormalni exprese cetnych miRNA. Byl
prokazan jejich podil na ovliviiovani fady procestit v nadorovych buiikach, vcetné
podpory proliferace a invazivniho ristu, inhibice apoptdézy, modulace epitelove-
mesenchymalniho pfechodu a chemorezistence (Huang et al. 2016). Abnormalné

syntetizované¢ onkogenni a tumor-supresorové miRNA maji jako cilové geny dulezité

soucasti  kliCovych signaliza¢nich drah, vcetné RAS/MAPK, JAK/STAT a

TGFB/SMAD (Zhang et al. 2016; Ottaviani et al. 2018). V nadorovych kmenovych

buitkdch PDAC hraji miRNA roli v jejich homeostaze, a to v udrzovani ,,kmenovych*

vlastnosti a chemorezistenci (Bimonte et al. 2016).
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Obrazek cislo 2: funkce a signaliza¢ni drahy v PDAC pod vlivem ¢innosti deregulovanych miRNA
(zdroj: Zhang et al. 2016)

2.5.2 Zmény v expresi miRNA u PDAC

Prvni udaje o expresnim profilu miRNA ve tkanich PDAC byly ziskany
z analyzy vzorkl zresekatl pankreatu, archivovanych po zmraZeni v tkanovych
bankéch nebo uchovanych ve form¢ parafinovych blokl. Tento material obsahuje velky
objem nadorové tkan€, umoziujici izolaci znaéného mnozstvi vysoce kvalitni miRNA.
Dlouhodoba archivace vzorkii byla zdkladem pro provedeni retrospektivnich studii

s vysokym poctem pacienti (Rounge et al. 2015; Szafranska et al. 2008). Analyza
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pomoci mikroarraye a RNAseq pfinesla fadu informaci o komplexnich zménach
exprese miRNA v PDAC (Szafranska et al. 2007; Miiller et al. 2015).

V resekatech PDAC byla prokazana deregulace celé fady miRNA. Prvni prace
identifikovala abnormality v expresi vic nez 100 miRNA, véetné miR-21, miR-155,
miR-221, miR-222a, miR-301 a miR-376a (Lee et al. 2007). Zmény v profilu miRNA
v tkanich PDAC byly nasledné potvrzeny v dalSich studiich (Szafranska et al. 2007,
Zhang et al. 2009; Jamieson et al. 2012; Bauer et al. 2012; Jiao et al. 2012; Schultz et al.
2012; Calatayud et al. 2017). Panely miRNA se zménénou expresi dokazaly odlisit
vzorky PDAC od normalniho pankreatu nebo od chronické pankreatitidy (CP)
(Bloomston et al. 2007; Bauer et al. 2012; Vychytilova-Faltejskova et al. 2015;
Calatayud et al. 2017). V jednotlivych studiich byly rozdily ve spektru diagnostickych
paneli navrzenych pro identifikaci nddorovych tkani

Laserova mikrodisekce umoznila cilenou analyzu profilu miRNA v nadorovych
bunkach. Stroma muze tvofit velkou cast objemu nadoru a tim je signifikantnim
zdrojem ,,Sumu® pfi analyze exprese miRNA. Prvni prace zkoumajici vzorky PDAC po
mikrodisekci identifikovala v nddorovych bunikdch zvySenou hladinu celkem 21
miRNA a sniZzenou hladinu 4 miRNA (Bloomston et al. 2007).

Sekvenace transkriptomu bunék PDAC muze pfinést velké pokroky v analyze
exprese miRNA. Prvni pilotni studie analyzujicich profil miRNA pomoci RNA seq
identifikovala up-regulaci 74 miRNA a down-regulaci 30 miRNA u PDAC (Miiller et
al. 2015). V dalsi studii bylo v PDAC popsano celkem 607 abnormalné exprimovanych
miRNA. Celkem 31 miRNA vykazovalo po validaci pomoci RT-qPCR signifikantné
odlisnou expresi mezi PDAC a nenadorovou kontrolou (Vila-Navarro et al. 2017).
Databaze TCGA obsahuje tdaje o transkriptomu velkého po¢tu PDAC a je vyznamnym

zdrojem pro budouci vyzkum (Liao et al. 2018)

2.5.3 Uloha miRNA v tkaiiovém mikroprostiedi PDAC

Tkéanové mikroprostiedi v PDAC je klicové pro preziti nddorovych bunéck. Je
tvofeno znadorem asociovanych fibroblasti (CAF), kolagenniho vaziva, cévnich
prostori a zbun€ék imunitniho systému (Murakami et al. 2019). Pii aktivaci
pankreatickych hvézdicovych buné¢k dochdzi ke zméndm v , miRnomu®, s odli§nou
expresi popsanou u 84 miRNA (Masamune et al. 2014). Do fizeni funkci CAF je
zapojeno vice miRNA, vcetné miR-21, miR-29a, miR-155, miR-199a, miR-200, miR-
210 amiR-214 (Kwon et al. 2015; Kadera et al. 2013; Pang et al. 2015; Karamitopoulou
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et al. 2017; Kuninty et al. 2016). Exprese miR-21 byla vyrazné&jsi v peritumoralnich
fibroblastech a byla signifikantnim faktorem pro zvySeni invazivity bunék MiaPaCa
linie. Inhibice miR-21 v CAF a v nadorovych buiikach vedla k vyraznému poklesu
invazivity (Kadera et al. 2013). ZvySena exprese miR-21 a miR-210 byla popsana ve
stromatu v blizkosti ,,tumor budding®, svéd¢ici pro komunikaci nddoru a stromatu
prostiednictvim  miRNA  pii  indukci epitelové-mesenchymalniho  pfechodu

(Karamitopoulou et al. 2017).

2.5.4 Uloha exosomii v onkogenezi PDAC

Nadorové bunky vcetné PDAC uvolnuji exosomy do cirkulace ve zvétSeném mnozstvi
(Melo et al. 2015). Funkce téchto ¢astek neni zcela objasnénd, maji pravdépodobné
znacny podil na intercelularni komunikaci regulaci interakci s mikroprostfedim (Pang et
al. 2015, Costa Silva et al. 2015). Exosomy jsou zapojeny do vice pochodil véetné
lokélni imunosuprese, modulace mikroprostiedi, podpory proliferace a invazivniho
rustu (Yan et al. 2017). Nadorové buniky selektivné akumuluji miRNA v exosomech,
vcéetné miR-10a, miR-10b, miR-21, miR-27a, miR-155 a miR-373 (Melo et al. 2014).
Exosomalni miR-21 a miR-451a derivovana z CAF podporovala v in vitro podminkéach

rust a migraci nadorovych bunék PDAC (Takikawa et al. 2017).

2.5.5 Role studovanych oncomiRNA v onkogenezi PDAC.

Ze skupiny miRNA s proto-onkogenni funkci (oncomiRNA) je nejvice
prozkoumana miR-21. Je zapojena do modulace dulezitych procesti v nadorovych
bunkach, vcetné proliferace, apoptdzy, migrace, invazivity, metastazovani a
chemorezistence (Moriyama et al. 2009; Giovanetti et al. 2010; Zhang et al. 2018).
Deplece miR-21 in vitro vyvolala zdnik PDAC bun¢k down-regulaci Bcl-2 a up-regulaci
exprese Bax (Sicard et al. 2013). Transfekce pre-miR-21 in vitro podporovala pteziti
nadorovych bunék, soucasné indukovala rezistenci proti chemoterapii gemcitabinem.
Zvysena byla exprese matrix metaloproteindz a vaskularniho endotelidlniho ristového
faktoru (Giovanetti et al. 2010). Bylo zjisténo, ze miR-21 se podili i na regulaci exprese
PTEN a fosforylace kindzy Akt, které jsou kli¢ovymi komponentami signalizacni drahy
PI3K/Akt/mTOR (Giovanetti et al. 2010). In vitro expozice nadorovych bunék
epitelidlnimu rGstovému faktoru podporovala syntézu miR-21; to vedlo k inhibici
apoptdzy a k progresi bunécného cyklu prosttednictvim signaliza¢ni drahy MAPK/ERK

(Zhao et al. 2018). Prokdzéna byla rovnéz nepiima vazba na komponenty drahy K-ras
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(Yu et al. 2016). Dalsi geny ovlivnéné prostiednictvim miR-21 jsou 7M1, PTEN a
PDCD4 (Qi et al. 2009; Wei et al. 2016). MiR-21 je jednou z nejdulezitéjSich miRNA
modulujici rezistenci na terapii gemcitabinem v PDAC (Hwang et al. 2010; Kadera et
al. 2013; Giovanetti et al. 2010)

MiR-155 je charakterizovana nadmérnou expresi v malignich nadorech, véetné
karcinomu mlécéné zlazy a tlustého stieva (Mattiske et al. 2012; Cao et al. 2018). Tato
oncomiRNA se uplatiiuje down-regulaci genu TP53INP, ktery je soucasti regulacni
drahy p53. Poruchy v této draze vedou k inhibici apoptozy a k podpoie nadorové
proliferace (Gironella et al. 2007). V podminkach in vitro miR-155 podporovala migraci
a invazivitu naddorovych bun¢k. Dale byla prokazéana role v regulaci signalizacni drahy
STAT3 a represi syntézy SOCS! (Huang et al. 2013). MiR-155 se uplatiuje 1 v
modulaci chemorezistence bunék PDAC. Po expozici nddorovych bunc¢k gemcitabinu
(GC) vin vitro podminkach doslo k uvolnéni exosomi obsahujicich miR-155.
Vstiebani téchto exosomi dal$imi buitkami PDAC zvysilo jejich odolnost vici GC

(Mikamori et al. 2017).

MiR-196a je oncomiRNA deregulovand u vysokého poctu nadort (Lu et al.
2016). Dalsim ¢lenem této rodiny je miR-196b, kterd je oncomiRNA s mirn¢ odlisnou
roli, rovnéz abnormélné exprimovand u PDAC (Wang et al. 2017). Experimentalni
transfekce miR-196a zplsobila v buitkdch PDAC pokles hladiny /NGS5, coZ vedlo k
redukci apoptodzy, zvysSeni nddorové proliferace a k vyssi invazivité (Liu et al. 2013).
Bylo téZ prokazano, Zze miR-196a podporuje onkogenezi modulaci NFkB inhibitoru o,
in vitro dochazi po introdukci miR-196a ke zvyseni proliferace a migrace nadorovych
bun¢k (Huang et al. 2014). Dalsi geny pod kontrolou miR-196a jsou FOXO1, NME4
Annexin Al a €lenové rodiny Hox (Lu et al. 2016).

MiR-210 je oncomiRNA abnormalné exprimovana u PDAC, pravdépodobné
cilem miR-210 je HIF-1a, ktery ptedstavuje klicovou komponentu drahy regulujici
hypoxickou odpovéd’. Deregulace této drahy je vyrazné zucastnéna v karcinogenezi i
jinych nédort. (Huang et al. 2014). Tato miRNA hraje téZ dtlezitou tlohu v modulaci
interakci pankreatickych hvézdicovych buné¢k (PSC) a PDAC bunék. V ko-kultuie
s PSC doslo k up-regulaci miR-210 v nadorovych buiikach linii Panc-1, MIAPaCa-2, a
SUIT-2. V nadorovych bunikach PDAC byla prokazana indukce EMT prostfednictvim

miR-210 ovlivnénych PSC (Takikawa et al. 2017). Horizontalni pfenos exosomalni
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miR-210 mezi nadorovymi buiikami v in vitro podminkéach podporoval rezistenci na GC

(Yang et al. 2020).

2.5.6 Role studovanych tumor-supresorovych miRNA v onkogenezi PDAC.

MiR-96 se podili na regulaci onkogenu KRAS. V podminkéch in vitro byla
zvysend exprese KRAS v bunéénych liniich MIAPaCa-2, PANC-1 a BxPC-3 asociovana
s poklesem hladin miR-96; néslednd expozice téchto bunécnych linii miR-96 vyvolala
apoptozu blokovanim drahy Akt/KRAS (Yu et al. 2010). Dalsi geny, jejichz aktivita
podléha regulaci prostfednictvim miR-96, jsou HERGI a NUAKI (Feng et al. 2014;
Huang et al. 2014).

MiR-148a je dalsi miRNA s tumor-supresorovym ucinkem. Jeji deregulace byla
prokazana kromé PDAC i u karcinomu zaludku, tlustého stfeva a mlécéné zlazy (Xia et
al. 2014; Takahashi et al. 2012; Xu et al. 2016). Buitkky PDAC vykazuji v porovnani
s nenadorovym  duktdlnim epitelem vyraznou depleci miR-148a. Prvnim
identifikovanym genem regulovanym prostfednictvim miR-148a byl CDC25. In vitro
transfekce analogu miR-148a vedla k omezeni exprese CDC25B a tim k inhibici
proliferace nddorovych bunék (Liffers et al. 2011). Schopnost miR-148a omezit
nadorovy rust vSak nebyla prokazana pti indukci jeji over-exprese pomoci lentivirového
vektoru, a to jak v bunécnych kulturdch in vitro, tak in vivo v xenograftech u mysi
(Delpu et al. 2013). Down-regulace miR-148a se muizZe inhibici WNT/B-kateninové
signalizaCni drahy podilet 1 na indukci epitelové-mezenchymalniho pfechodu (EMT)
nadorovych bunék (Peng et al. 2017). Dalsi cilové geny regulace pomoci miR-148a jsou
AMPKal, CCKBR, Bcl-2 a GLUTI (Zhao et al. 2013; Zhang et al. 2014; Wu et al.
2018).

MiR-217 je v nenadorové tkani pankreatu exprimovana v acinech s vysokou
specificitu (Szafranska et al. 2007). V buiikdch PDAC byla pomoci ISH a RT-qPCR
prokdzana vyrazné snizend exprese miR-217 (Zhao et al. 2010). Jeji in vitro up-regulace
prostfednictvim virového vektoru vedla k inhibici nddorového rastu, poklesu exprese
KRAS a sniZeni fosforylace Akt. Inhibice miR-217 v buné¢nych liniich vyvolala opacny
efekt; hladina exprese miR-217 korelovala negativné s hladinou proteinu KRAS (Zhao

et al. 2010).
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2.6 miRNA v prekurzorovych lézich PDAC

Kancerogeneze je u velké Casti epitelovych nadori vicestupiovym procesem,
v jehoz pocatecnich fazich se vyskytuji prekurzorové 1éze - intraepitelidlni neopléazie
(dysplazie). S postupnou akumulaci genovych mutaci dochazi k deregulaci klicovych
signaliza¢nich drah ovliviiyjicich bunécny cyklus a umoziujicich pteziti neoplastického
klonu (Ren et al. 2019). Nekodujici RNA molekuly, vcetné miRNA, hraji
pravdépodobné vyznamnou roli v modulaci funkce onkogenl zapojenych do iniciace a
progrese dysplazie. Abnormality v profilu exprimovanych miRNA byly prokazany
v prekanceroznich 1ézich u vice organti, véetné jicnu, tlustého stfeva a mlééné zlazy
(Fassan et al. 2011; Hannafon et al. 2018).

PDAC je u vétSiny pacientt diagnostikovan v pozdnim inoperabilnim stadiu. Ve
velké ¢asti pripadl I1ze pii histologickém vySetieni resekatu identifikovat prekurzorovou
1ézi, ve které jsou s rostoucim stupném dysplazie popisovany mutace v klicovych
protoonkogenech a tumor-supresorovych genech, véetné¢ KRAS, TP53, CDKN2A4 a
SMAD4 (Ren et al. 2019). U PDAC se popisuji tii typy prekurzorovych 1ézi:
pankreaticka intraepitelidlni neoplazie (PanIN), intraduktalni papilarni mucinézni
neoplazie (IPMN) a mucindzni cystickd neoplazie (MCN) (Vincent et al. 2011).
Deregulace miRNA zapojenych do procesu kancerogeneze byla v téchto prekurzorech

prokazéana uz v ¢asném stadiu transformace, tedy i v 1ézich s nizkym stupném dysplézie.

2.6.1 Exprese miRNA v PanIN.

Pankreatickd intraepitelidlni neoplézie vznikd v epitelu vyvodi. Jednd se
o multifokalni proces, pankreatické vyvody mohou byt postizeny i1 difuzné. Primérna
velikost téchto 1ézi je < 5 milimetrt (Hruban et al. 2008; Yamao et al. 2017); moZnost
radiologické diagndzy PanIN je proto zna¢né€ limitovana (Lee et al. 2018).

Stupent dysplazie se v histologickych fezech hodnoti na zaklad€¢ mife jaderné
atypie a morfologického obrazu epitelu. Intraepitelidlni neopldzie mohou postupné
progredovat od nizkého stupné (PanIN-1) ptes stfedni stupen (PanIN-2) a vysoky stupent
(PanIN-3) az k invazivnimu adenokarcinomu (Hruban et al. 2008). PanIN-1 byla
histologicky prokdzéna v 36 % pankreatii resekovanych pro jiné divody nez PDAC a
ma velmi nizky maligni potencidl (Andrea et al. 2003). Naproti tomu PanIN-3 se
v pankreatech operovanych pro nenadorova onemocnéni se vyskytuje vzacné; Castéji je
v asociaci s malignim tumorem nebo v souvislosti s hereditirnimi nadorovymi

syndromy vedoucimi ke vzniku PDAC (Andrea et al. 2003; Slater et al. 2014).
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Nové poznatky o expresi miRNA u PanIN umoziuji ziskat hlubsi vhled do
mechanizmil zapojenych do patogeneze PDAC. Zména profilu miRNA byla ve vzorcich
PanIN pii pouziti mikrodisekce prokdzdna v souvislosti s progresi dysplazie. byla
charakterizovana zvySenim exprese miR-21, miR-221, miR-222 and let-7a. Pomoci ISH
byla navic potvrzena akumulace miR-21 v cytoplasmé epitelii s PanIN-2/3 (duRieu et
al. 2010). Analyza exprese miRNA v souboru 31 ptipadi PanIN prokazala zvySenou
expresi miR-155 az v PanIN-2 (Ryu et al. 2010). U 34 ptipad PanIN s riznym stupném
dysplazie byla pomoci mikroarraye po laserové mikrodisekci identifikovana abnormalni
exprese celkem 65 miRNA, véetné¢ miR-21 (Yu et al. 2011). Profil deregulovanych
miRNA umoznoval kategorizovat 1éze dle stupné dysplazie; snizeni miR-148a a miR-
217, spolu se zvySenim miR-196a bylo prokazano v PanIN2/3 (Xue et al. 2013). Snizeni
Exprese miR-96 a miR-217 klesala v souvislosti se zvySujicim stupném dysplazie
(Chang et al. 2017).

Zmeény cirkulujicich miRNA souvisejicich s pfitomnosti PanIN nebyly dosud
podrobnéji prozkoumany. V pilotni studii byla prokazana up-regulace miR-196a a miR-
196b v PanIN-2/3; hladina téchto miRNA v periferni krvi byla signifikantné zvySena u
PDAC a u pacienti s multifokalni PanIN2/3 sledovanych pro vyskyt PDAC v rodiné
(Slater et al. 2014).

2.6.2 Exprese miRNA v IPMN

Intraduktalni papilarni mucin6zni neoplazie je cystickd 1éze vychazejici z epitelu
hlavniho pankreatického vyvodu (main duct type) nebo vedlejSich interlobuldrnich
vyvodii (branch duct type). Histologicky se popisuje varianta bilidrni, intestinalni,
gastrickd a onkocytarni (Levink et al. 2018). Biliarni a ,,main duct type* IPMN maji
nejvyssi riziko maligni transformace do PDAC, kterd se popisuje az v 42 % ptipadi
,main duct type*“ IPMN (Salvia et al. 2004).

Charakterizace zmén profilu miRNA v tkdnich IPMN mlZe pomoci pfi
stratifikaci rizikovych 1€ézi, s moznosti odhaleni high grade dyspldzie nebo maligni
transformace. Prvni prace zaméfend na analyzu IPMN pomoci RT-qPCR a LNA-ISH
popsala zvySenou expresi deseti miRNA, vcéetné miR-21 a miR-155 v nadorovych
bunkach. V pankreatické $taveé byla téZ zvySend hladina miR-21 a miR-155. Tento
nalez byl ale vzhledem k malému poctu pacientil statisticky pouze hrani¢né relevantni

(Habbe et al. 2009). Lubezky et al. (2013) po manualni mikrodisekci 55 tumort a
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vySetieni pomoci mikroarraye identifikovali zvySeni exprese miR-10a, miR-106a a
miR-155 v IPMN, v porovndni s normalni tkéni a s malignitou. Mezi IPMN s nizkym a
vysokym stupném dysplazie byl popséan rozdil v expresi celkem patnacti miRNA. [PMN
s maligni transformaci se liSila od ostatnich 1ézi profilem deregulovanych miRNA
(Lubezky et al. 2013). Caponi et al. (2013) prokazali zvySenou expresi miR-21 a miR-
155 u IPMN s invazi, miR-21 navic vykazovala podstatny prediktivni vyznam pro OS a
PFS u pacientti s IPMN s invazi. Hladina miR-101 byla vyssi u IPMN bez invaze. Nizsi
exprese miR-99a, miR-99b, miR-100, miR-126, miR-130 a miR-342-3p byla prokazana
u high risk IPMN (Permuth-Wey et al. 2015). Léze s rostoucim stupném dysplazie
vykazovaly snizeni hladin miR-96 a miR-217 (Chang et al. 2017).

U pacientd s IPMN jsou prokazatelné zmény v hladin€ cirkulujicich miRNA
v periferni krvi; miR-21 byla zvySena u IPMN, nebylo vSsak mozné odlisit IPMN od
PDAC (Abue et al. 2015). Exosomalni frakce v séru nemocnych s IPMN obsahovala
signifikantné¢ zvySené mnozstvi miR-191, miR-21 a miR-451, v hladiné miRNA
nevazanych na exosomy nebyly zjiStény rozdily mezi pacienty s [IPMN a kontrolou.

(Goto et al. 2018).

2.6.3 Exprese miRNA v MCN.

Mucindzni cysticka neoplazie je nejméné Castym prekurzorem PDAC. MCN je
makroskopicky dobfe ohrani¢ena a opouzdiend mono- nebo oligolokularni cysta.
Histologicky je vystelka cystického tumoru tvofena neoplastickym mucin6znim
epitelem, s celularnim stromatem ovarialniho typu v okoli (Hruban a Fukushima 2008).
Vnitini povrch 1éze je hladky; pfitomnost solidnich muralnich nodulti budi podezieni
z dysplasie nebo pfechodu do malignity (Farrell 2015). MCN se obvykle nachazi v téle
nebo vkaud¢ pankreatu; na rozdil od IPMN zpravidla nekomunikuje s vyvodnim
systémem (Yamao et al. 2011).

Abnormality v expresi miRNA jsou v MCN prostudovany v mensim rozsahu nez
u [IPMN. V souboru 69 mikrodisekovanych pankreatickych neopldzii umoznila analyza
panelu miR-10b-5p, miR-202-3p, miR-210, a miR-375 odlisit MCN od jinych
cystickych tumort pankreatu (Lee et al. 2014). Panel miR-130-3p. miR-192-5p, miR-
202-3p a miR-337-5p vykazoval senzitivitu 100% pii odliSeni MCN od ,,branch duct
type* IPMN. Aspirat tekutiny z MCN vykazoval vyznamné zvySeni hladin miR-21,
panel tvofeny z miR-17-3p, miR-21, miR-155, miR-191 a miR-221 ale neumoznil
spolehlivé odlisit MCN od IPMN (Ryu et al. 2011)
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2.7 Uplatnéni miRNA v diagnostice PDAC

2.7.1 miRNA v bioptické diagnostice tumoru pankreatu

Tenkojehlova aspiracni biopsie (FNAB) ma pro diagnézu PDAC senzitivitu 81.6
%, specificitu 87.5 %, pozitivni prediktivni hodnotu 98.1 % a negativni prediktivni
hodnotu 36.8 % (Voss et al. 2000). Dosud provedené studie popisuji zvyseni senzitivity
a specificity FNAB vySetfeni pfi kombinaci s analyzou hladin miRNA v aspiratu. V
jednotlivych pracich jsou zna¢né rozdily v navrzenych diagnostickych panelech. Prvni
analyza exprese miRNA vzorkt ziskanych pii FNAB od Sestnacti pacienti navrhla pro
diagnézu PDAC kombinaci miR-196 a miR-217 (Szafranska et al. 2008). Pti nasledném
vySetieni aspirovanych vzorkl z pankreatu pomoci mikroarraye byla u PDAC zjisténa
deregulace celkem 158 miRNA. Elevace miR-21, miR-27a, miR-146a, miR-196a a
miR-200a, spolu s depresi hladin miR-20a, miR-96 a miR-217 umoznila odlisit ptipady
PDAC od benignich kontrol (Hong et al. 2014). Multicentrickd studie 228 aspirati
pankreatu zpracovanych parafinovou technikou navrhla diagnosticky panel miR-24,
miR-130b, miR-135b, miR-148a, a miR-196 (Brand et al. 2014). Prospektivni studie
s cilem validovat nalezy pfedchozich praci (Frampron et al. 2016) v nefixovanych
FNAB vzorcich 55 pacientil s loziskovym procesem pankreatu identifikovala zvySenou

expresi miR-21, miR-155, miR-210, miR-196a a miR-10b v malignich 1ézich.

2.7.2 miRNA v diagnostice cystickych 1ézi pankreatu

Rozsiteni radiologickych zobrazovacich metod piineslo zvySeni poctu
odhalenych pankreatickych cyst (de Jong et al. 2010). Nejcastéji se jednd o mucindzni
prekurzoroveé 1éze PDAC, ser6zni cystadenomy nebo pozanétlivé pseudocysty. Vzacnéji
se muze se jednat o cysticky zménéné invazivni adenokarcinomy (Pitman et al. 2010).
Vétsina cystickych 1€ézi pankreatu je benigni s riznym rizikem maligni transformace,
uréeni jejich biologické povahy je bez odbéru cytologického nebo histologického
vzorku prakticky nemozné (Cho et al. 2013). V klinické praxi se pouZziva aspiracni
cytologie pfi endoskopické ultrasonografii nebo endoskopické retrogradni
cholangiopankreatografii (ERCP), charakterizovana vysokou senzitivitou a nizkou
specificitou pro diagnézu malignich 1ézi (Frampton et al. 2016). Zvyseni hadin CA19-9
a CEA vtekutém obsahu cysty je pomocnym znakem pii zdchytu mucindznich

neoplastickych 1ézi (Brugge 2004). Vzhledem k nedostatkiim v soucasné dobé¢ klinicky
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zavedenych diagnostickych postupt je studovana moznost vyuziti analyzy miRNA pro
zjisténi charakteru pankreatickych cyst a urceni jejich biologické povahy.

Prvni pilotni studie analyzujici hladiny miRNA v tekutém obsahu
pankreatickych cyst prokdzala zvySeni miR-21, miR-221 a miR-17-3p v mucin6znich
1ézich (Ryu et al. 2011). Elevace miR-21 a miR-221 v obsahu cysty byla asociovéna
s maligni transformaci v MCN a IPMN (Farrell et al. 2013). ZvySeni hladiny miR-21
bylo popséano v tekutiné u cysticky zménéné¢ho PDAC a u ser6zniho cystadenomu, bez
moznosti jejich rozliSeni na zdklad¢ hodnot miR-21 (Jiao 2012). Analyza pomoci RNA
seq zjistila zménénou hladinu patnicti miRNA, s odliSnymi hodnotami v tekutiné

ziskané z prekurzorovych 1¢ézi a z cystického PDAC (Wang et al. 2015).

2.7.3 Cirkulujici miRNA

Odbér periferni krve je minimdlné invazivnim zakrokem, umoziujicim ziskat
materidl pouzitelny pro nadorovou diagnostiku. Cirkulujici miRNA se vyskytuji
v proteinovych komplexech v asociaci s Ago2, HDL, Nucleofosmin-1 nebo uvnitt
exosoml, coZ piispiva k jejich stabilité¢ (Arroyo et al. 2011; Cheng 2015; Kalra et al.
2013). Do ob¢hu jsou uvoliiovany prostfednictvim ne zcela objasnénych mechanismu
(Sohel 2016). Analyza cirkulujicich miRNA byla v riiznych studiich provedena ze
vzorkl plné krve, séra nebo z plazmy (Schultz et al. 2014; Wang et al. 2013; Franklin et
al. 2018). Pouziti rliznych materidll mulze zplsobit nesrovnalosti v detegovanych
hladinach miRNA (Wang et al. 2012). Krevni elementy, v€etné trombocytl, obsahuji
vysoké mnozstvi miRNA (Lindsay a Edelstein 2016); hemolyza mlze zasadné zménit
hladinu n¢kterych miRNA (Pritchard et al. 2012).

Dosud bylo publikovano vic nez 30 praci zabyvajicich se diagnostickym
potencidlem cirkulujicich miRNA pro odhaleni ¢asného PDAC. Rozbor krve pomoci
mikroarraye umoznil podrobné studovat zmény hladin cirkulujici miRNA u PDAC
(Bauer et al. 2012; Schultz et al. 2014; Xu et al. 2016; Franklin et al. 2018), v jedné
studii bylo detegovdno u pacientii s nddorem az 91 miRNA se zménénou hladinou
v krevni plazmé (Ali et al. 2011). Bylo identifikovdano n¢kolik vyznamné
deregulovanych cirkulujicich miRNA, zejména miR-18a (Morimura et al. 2011), miR-
21 (Qu et al. 2017), miR-196a (Kong et al. 2011), miR-200a/b, miR-210 (Ho et al.
2010) a miR-221 (Kawaguchi et al. 2013); stanoveni jejich hladin dokazalo odlisit
PDAC od zdravych jedinc nebo pacientti s CP. Ke zvySeni senzitivity a specificity

detekce PDAC pomoci cirkulujicich miRNA muZe pfispét sestaveni diagnostickych
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paneld. Mezi jednotlivymi dosud provedenymi studiemi byly rozdily ve sloZeni téchto
panelti (Wei et al. 2018); snahy o validaci vysledka byly neuspésné (Xu et al. 2016).
Doplnéni diagnostickych panelt miRNA udajem o hladiné CA19-9 vedlo ke zvySeni
jejich diagnostické hodnoty (Schultz et al. 2014; Liu et al. 2012; Ganepola et al. 2014).
Nejvyssi senzitivita a specificita byla dosazena pti kombinaci CA19-9 s cirkulujici miR-
16 a miR-196a (Liu et al. 2012).

Selektivni analyza cirkulujici exosomalni miRNA umoznuje ziskat dalsi
vyznamnou informaci o profilu nadorem syntetizovanych miRNA a zvysit piesnost
méfeni odstranénim kontaminujicich miRNA z krevnich elementl. V cirkulujicich
exosomech u PDAC se prokazalo zvyseni hladiny vice miRNA, véetné miR-10b, miR-
21 a miR-744 (Joshi et al. 2015; Que et al. 2013; Miyamae et al. 2015). Na podkladé
zmén v exosomdlnich miRNA v krvi bylo sestaveno nékolik diagnostickych paneli
(Goto et al. 2018; Que et al. 2013, Madhavan et al. 2015). Pilotni studie kombinujici
panel exosomalni miR-1246, miR-3976, miR-4306, a miR-4644 s cirkulujicimi markery
kmenovych bunék CD104, MET, EpCAM, Tspan8 and CD44v6 uvedla senzitivitu 100
% a specificitu 80 % pro diagn6zu PDAC (Madhavan et al. 2015).

2.7.4 miRNA v pankreatické st'avé

Pankreatickd St'ava je sekretem acinarnich bun¢k, obsahujicim ptfedevsim travici
enzymy a ionty. MiRNA se z nddoru do pankreatické §tavy mohou uvolnovat bud’
volné nebo v exosomech (Sadakari et al. 2010; Nakamura et al. 2019). Predpoklada se,
ze analyza hladin miRNA mize mit potencial pii hodnoceni biologické povahy
tumordznich 1€ézi pankreatu. Urcitou nevyhodou je technickd narocnost odbéru
pankreatické §tavy b&hem ERCP, n¢kdy i se zdvaznymi komplikacemi (Szary et al.
2013). Vzhledem kuvedenym obtizim byla analyza hladin miRNA v sekretech
pankreatu studovéana zatim jen v ramci pilotnich studii. Prvni studie analyzujici hodnoty
miRNA v pankreatické §tavé identifikovala vyznamnou elevaci hladin miR-21 a miR-
155 u pacientli s PDAC, v porovnani s chronickou pankreatitidou (Sadakari et al. 2010).
Zvysend hladina miR-21 a miR-155 byla prokdzana v pankreatické §t’aveé i v exosomech
(Nakamura et al. 2019). Kombinace analyzy exprese miRNA s vySetfenim sérové
hladiny CA19-9 nebo s cytologii pankreatické Stavy pfinesla zvySeni senzitivity a

specificity diagnézy PDAC (Wang et al. 2014; Nakamura et al. 2019).
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2.7.5 miRNA ve stolici

Stolice predstavuje dobie ptistupny materidl obsahujici izolovatelnou miRNA.
Dosud nejvétsi pozornost dostaly fekalni miRNA u adenokarcinomu tlustého stieva.
SoucCasnad meta-analyza sedmnacti publikaci identifikovala miR-21 a miR-92a jako

v

nejspolehlivéj$i markery pro diagnézu této malignity (Yau et al. 2019).

nez jakym je odbér pankreatické Stavy pii ERCP. Moznosti zavedeni fekalnich miRNA
pro diagnozu PDAC ve stolici byly dosud zkoumany pouze v ramci pilotnich studii,
s nejednotnymi zavéry, a to jak ohledné zmén v hladinach fekalnich miRNA, tak i ve

slozeni diagnostickych panela (Link et al. 2012; Ren et al. 2012; Yang et al. 2014).
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2.8 Vztah miRNA k diferenciaci a progresi PDAC

2.8.1 Hodnoceni v chirurgickych resekatech

Vztah exprese miRNA k pokrocilosti nadoru byl hodnocen v chirurgickych
resekatech v nékolika studiich, s protichiidnym vysledkem. Dosud neexistuje shoda ve
vytvofeni panelu miRNA pomoci kterého by bylo mozné urcit pokrocilost PDAC.
Jamieson et al. (2012) demonstrovali pozitivni korelaci exprese miR-21, miR-146a a
miR-628 ke stupni diferenciace, pokrocilosti nddoru a pfitomnosti uzlinovych metastaz.
Pozitivni korelace hladin miR-21 s pfitomnosti metastdz do lymfatickych uzlin byla
potvrzena ve dvou dal$ich pracich (Nagao et al. 2012; Kadera et al. 2013); naproti tomu
Hwang et al. (2010) nepopsali statisticky vyznamnou korelaci exprese miR-21 a
ptitomnosti uzlinovych metastaz. S velikosti a pokrocilosti tumoru souvisela kromé
onkogenni miR-21 i zvySend hladina miR-139b (Zhou et al. 2016). Giovanetti et al.
(2010) prokézali statisticky vyznamnou asociaci zvySeni hladiny miR-21 pouze s
nizkou diferenciaci karcinomu a ne s dalSimi kliniko-patologickymi parametry.
Prediktivni iloha miR-21 nebyla v§eobecné potvrzena, Dillhoff et al. (2008) neobjevili
zadnou korelaci exprese miR-21 s diferenciaci nadoru, jeho velikosti a pfitomnosti
vzdalenych metastdz. Popsadna byla pozitivni korelace snizené exprese miR-148a s
pokrocilosti tumoru a pfitomnosti metastdz do lymfatickych uzlin (Peng et al. 2017).
Lemberger et al. (2019) stanovili panel Sesti miRNA uplatiiujicich se v progresi PDAC
(miR-130b, miR-141, miR-155, miR-196a miR-216a, a miR-720), jejichz zvySeni

pozitivné piedpovidalo ptitomnost nddorovych metastdz v lymfatickych uzlinach.

2.8.2 Hodnoceni v krvi a v sekretech

Cirkulujici miRNA v krvi by mohly byt vhodnym markerem pro urceni
pokrocilosti tumoru. Vzhledem k tomu, Ze k uvoliiovani miRNA do krevniho ob¢hu
dochdzi vice mechanizmy vcetné rozpadu bunck nebo aktivni sekreci v exosomech
(Sohel 2016), je korelace s vysledky ziskanymi z chirurgickych resekat obtizna. VéEtsi
studie porovnavajici zmény v expresi miRNA v plazmé a v resekatech u téhoz pacienta
nebyla u PDAC dosud provedena.

Vztah hladin miRNA v periferni krvi ke klinicko-patologickym parametrim
PDAC byl dosud malo studovdn. Byla prokazana korelace hladiny miR-21 s

pokrocilosti tumoru, se statisticky vyznamnym rozdilem mezi stadiem IIT a IV (Liu R et
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al. 2012; Wang et al. 2013). Vyznam plazmatické hladiny miR-21 ale nebyl ve vSech
studiich srovnatelny. Liu et al. (2012) nedokézali v souboru 140 PDAC pii pouziti
panelu miR-16, miR-21, miR-155, miR-181a, miR-181b, miR-196a a miR-210 rozlisit u
sledovanych pacient jednotliva stadia nadoru. Kawaguchi et al. (2013) zjistili
zvySenou plazmatickou hladinu miR-221 u pacienti se vzdalenymi metastdzami a s
neresekabilnim tumorem. V jiné studii korelovala inoperabilita tumoru se zvySenou
hladinou miR-196a (Kong et al. 2011). V dalsi praci byla vyssi hladina exosomalni
frakce miR-196a zaznamenana u pacientl s Casnym PDAC, ve stadiu I a Ila (Xu et al.
2017).

ZvySena hladina miR-205 a miR-210 v pankreatické stavé predikovala

pfitomnost hematogennich metastaz (Wang et al. 2014).
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2.9 MiRNA v uréeni prognézy pacientii s PDAC

Prognosticky vyznam miRNA u pacienti s PDAC byl hodnocen piedevsim
v ramci retrospektivnich a pilotnich studii. Ve vétSiné dosud publikovanych praci byly
miRNA izolovany z FFPE nebo ze zmrazeného archivovaného materidlu z resekatt
nadord pankreatu (Bloomston et al. 2007; Szafranska et al. 2007; Zhang et al. 2009;
Greither et al. 2010; Schultz et al., 2012; Frampton et al., 2014; Ali et al. 2015;
Calatayud et al. 2017). Analyza vzorki PDAC pomoci mikroarraye odhalila vztah
vétSitho poctu miRNA k prognoéze nemocnych (Bloomston et al. 2007); tento nalez
umoznil rozdéleni PDAC na molekuldrni podtypy (Namkung et al. 2016) a vytvofeni
panelu miRNA s prognostickym potencidlem.

Nejvice prozkoumanym prognostickym markerem u PDAC je miR-21 (Wald et
al. 2017), kter4 hraje vyznamnou roli v kancerogenezi. Jeji zvySena exprese negativné
ovliviiuje délku preziti u vice malignich nadord, véetné PDAC (Zhu et al. 2014). Dalsi
miRNA byly u PDAC piedmétem jednotlivych studii analyzujicich jejich expresi v
malych souborech pacientll (Wald et al. 2017). S kratsi délkou pfeziti souvisela zvySena
exprese vice oncomiRNA, napt. miR-10 (Preis et al. 2011), miR-155 (Papaconstantinou
et al. 2013), miR-196a (Bloomston et al. 2007), miR-198 (Vychytilova-Faltejskova et al.
2015), miR-203 (Greither et al. 2010) a miR-222 (Frampton et al. 2015). Prognosticky
nepfiznivd byla snizend exprese tumor-supresorovych miRNA, napf. miR-34a
(Jamieson et al. 2012), miR-96 (Li et al. 2014), miR-141 (Zhu et al. 2014), miR-148a*
(Calatayud et al. 2017) a miR-494 (Ma et al. 2013). Ptestoze vysledky pilotnich studii
se ukazuji jako nadéjné, prediktivni potencial vétSiny miRNA zlstava neovéien. Navic
(Wald et al. 2017).

Zmeény hladiny cirkulujicich miRNA v periferni krvi mohou mit vyznam pro
predikci délky preziti pacientli s PDAC, byly vSak studovdny v menSim rozsahu nez
v tkanovych vzorcich zresekati PDAC. Mezi cirkulujici miRNA, jejichz zvySena
hladina souvisi s negativni progndzou pacientll, patii miR-21, miR-196a, miR-744 a
miR-1290 (Khan et al. 2016; Kong et al. 2011; Miyamae et al. 2015; Li A 2013). Pro
urceni moznosti pouziti miRNA izolovanych z pankreatické $tavy nebo ze stolice pro

predikci prognézy bylo dosud provedeno jen mélo studii.
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3 HYPOTEZY A CILE DISERTACNI PRACE

3.1 Podklady pro vysloveni hypotéz

Hodnoceni exprese miRNA predstavuje komplexni proces citlivy ke zménadm
v metodickych postupech v pre-analytickém stadiu i v analytickém stadiu méteni.
Normaliza¢ni strategie je jednim z faktort, ktery mlize mit vyznamny dopad na zjisténé
hodnoty exprese miRNA. Dtlezitou roli hraje variabilita souvisejici s technickym
zpracovanim a s biologickou heterogenitou ve vzorcich. Pro normalizaci RT-qPCR jsou
u miRNA zpravidla voleny kratké nekodujici RNA-molekuly. Miize se jednat o
produkty tzv. ,.housekeeping gent®, které ale mnohdy nebyvaji stabiln¢ exprimovany
v tumorech. Dal§i moznosti je pfidani umélych RNA-produktl (tzv. ,,alien spike*) do
analytu ve znamych koncentracich, coZz umoziluje normalizaci krokil analyzy
nasledujicich po izolaci miRNA z tkanovych vzorkda.

U vétsiny malignich nadord, vcéetné PDAC, byl popsan vysoky pocet
deregulovanych miRNA, a to jak ve tkdni resekovanych nadort, tak 1 v télesnych
tekutindch. Nékteré miRNA pisobi jako onkogeny a tumor-supresory, jejich abnormalni
exprese byla popsana i v prekurzorovych 1ézich PDAC. Vzhledem k vysoké stabilité
miRNA by mohly zmény jejich spektra v télesnych tekutinach slouzit pro diagnézu
pacientli s PDAC v ¢asném stadiu nemoci. Vysledky z vyzkumu exprese miRNA v
tkanovych vzorcich PDAC 1 prekurzorovych 1ézi mohou byt pouZity pro sestaveni
panell miRNA pro tento diagnosticky postup. Abnormality v expresi miRNA mohou
souviset s pokrocCilosti tumoru nebo s pfitomnosti metastaz, nékteré druhy miRNA
mohou tedy slouZzit k zafazeni pacientd do prognostickych skupin nebo pro predikci
efektu protinddorové terapie. Pfesny vyznam miRNA ve vzniku a progresi PDAC ale
zustava stale neobjasnén. Vysledky praci hodnoticich expresi miRNA jsou navic
inkonzistentni; dosud nebyl stanoven univerzaln¢ uznany postup pro jejich zaclenéni do

diagnostického a terapeutického postupu PDAC.
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3.2 Hypotézy a cile prace
Hlavnim cilem bylo pfispét ke zlepSeni metod hodnoceni exprese miRNA u
PDAC a k objasnéni roli vybranych miRNA ve vlastnostech PDAC.

Konkrétné€ se jednalo o:

-Hodnoceni vlivu riznych strategii normalizace na zmény exprese vysetfenych miRNA
v tkanich PDAC pfi méfeni prostiednictvim RT-qPCR.
Hypotéza: volba kontroly pro normalizaci pokusu RT-qPCR ovliviiuje detegovanou

hodnotu exprese vysetrenych miRNA.

-Porovnani exprese normalizacnich kontrol U6, U91, miR-16 a cel-miR-39
v parafinovych blocich PDAC a nenadorovych tkani pankreatu pro urceni nejstabilné;si
kontroly k normalizaci pro RT-qPCR.

Hypotéza: vybrané endogenni kontroly U6, U9, miR-16 a pridana arteficidlni ,,spike

cel-miR-39 ma stabilni expresi v PDAC a v nenddorovych tkanich pankreatu.

-Stanoveni exprese miR-21, miR-96, miR-148a, miR-155, miR-196a, miR-210 a miR-
217 v parafinovych blocich PDAC a v nenddorovém parenchymu pankreatu.

Hypotéza: exprese vybranych miRNA je v nenddorové tkani pankreatu a v PDAC
odlisna.

-Ur€eni vztahu mikroskopickych vlastnosti nddorit - histologického uspofadani,
nukledrnich atypii a mitotické aktivity k expresi miRNA.

Hypotéza: histologické charakteristiky nadorii maji vztah k expresi vysetrenych miRNA.

-Urceni vztahu klinicko-patologickych vlastnosti nadoru, vcetné stadia nemoci a
pfitomnosti metastaz k expresi miRNA.
Hypotéza: klinicko-patologické charakteristiky nadorit maji vztah ke zménam v expresi

vySetrenych miRNA.

-UrCeni vlivu exprese vybranych miRNA na délku pfeziti bez progrese (PFS) a
celkovou délku preziti (OS) pacientii s PDAC.
Hypotéza: délka intervalu mezi chirurgickou resekci nadoru a progresi a délka

celkového preziti pacientii nemoci souviseji s hladinami exprese vysetrenych miRNA.
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4 PACIENTI A METODY

4.1 Soubory pacienti

Obsahem diserta¢ni prace jsou 2 studie s mirn¢ odliSnym souborem pacientli
operovanych na chirurgické klinice 3LF UK a FNKV v Praze. Parafinové bloky byly
ziskany z bioptického archivu Ustavu patologie FNKV. Studie byly provedeny podle
pravidel Helsinské deklarace a schvaleny Etickou komisi 3. Lékaiské fakulty Univerzity
Karlovy. Vyhlaska 1006/2012 byla podepsdna MUDr. Markem Véachou, Ph.D.,

vedoucim Etické komise.

4.1.1 Zakladni charakteristiky pacientii v 1. studii

Do studie bylo zahrnuto 24 pacientii, 11 zen a 13 muzi operovanych pro
karcinom pankreatu v letech 2007-2012. V¢k pacientti byl 36-83 let, s medianem 65.5
let. U Zadného z nemocnych nebyly popsany hereditdrni genetické syndromy. V hlavé
pankreatu bylo lokalizovano 18 nédort, 1 nador byl v téle a 5 bylo v kaud¢. Typizace
nadord byla provedena podle WHO Kklasifikace tumori traviciho ustroji, 4. vydani
(Bosman et al. 2010). VSechny nadory odpovidaly histologicky konvenénimu
adenokarcinomu vyvodového typu. Jeden nador byl dobie diferencovany, 14 nadort
bylo stfedné diferencovanych a 9 nadorti bylo Spatn€ diferencovanych. Ve tfech
pripadech byla nemoc ve stadiu pT1, u péti piipadt pT2, u patnacti ptipadi pT3 a u
jednoho ptipadu pT4. Celkem u osmnacti nemocnych byly popsany metastazy do

lymfatickych uzlin.

4.1.2 Zakladni charakteristiky pacienti v 2. studii

Jednalo se o 54 nemocnych s karcinomem pankreatu, operovanych v letech
2007-2015 (Tabulka ¢islo 1). V souboru bylo celkem 27 muzi a 27 zen. Vek pacientl
byl 34-83 let, s medidnem 63 let. U Zadného z nemocnych nebyly popsany hereditarni
genetické syndromy. V hlavé pankreatu bylo lokalizovano 40 nadort, 8 bylo v téle a 6
bylo vkaudé. Ctyfi nadory byly dobie diferencované, 27 nadorti bylo stiedné
diferencovanych a 23 nadorti bylo $patné diferencovanych. U jednoho z pacientl vznikl
karcinom v terénu MCN. U &tyf pacientll byl tumor ve stadiu pT1, u sedmi pacientli
pT2, u 41 pacientl pT3 a u dvou pacient pT4. Celkem u 37 nemocnych byly pfitomny

metastazy do lymfatickych uzlin. Perineurdlni propagace byla ptitomna u 47 piipadt a
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lymfovaskularni invaze u 29 piipadii. Resekéni okraj byl negativni (RO) ve Ctyficeti a

pozitivni (R1) ve ¢trnécti ptipadech.

Vék (Median) 63
Pohlavi (muz/Zena) 27/27
Stupen diferenciace tumoru (dobfe/stiedné/hiire) 4/27/23
Stadium tumoru (pT1/T2/T3/T4) 4/7/41/2
Siteni do lymfatickych uzlin (N1/NO) 37/16
Perineuralni §ifeni (ano/ne) 4777
Lymfovaskularni invaze (ano/ne) 29/25
Resekeni okraj (R1/R0) 14/40
Délka PFS (v mésicich) 0-81
Median 13
Délka OS (v mésicich) 5-81
Median 19

Tabulka ¢islo 1: Klinicko-patologické charakteristiky 54 pacientd s PDAC, vysetfenych v 2. studii.
PFS — dé¢lka preziti bez progrese nemoci. OS — celkova délka pieziti.

4.1.3 Zakladni charakteristiky pacientii z databazy TCGA

Databaze ,the Cancer Genome Atlas“ (TCGA) obsahuje miRnom 178
resekovanych karcinomil pankreatu. Stanoveni exprese miRNA bylo provedeno na
pfistroji ,,next generation sequencing* Illumina-seq. Udaje o expresi miRNA v nadorech
byly ziskany z portalu oncolnc.org (Anaya 2016), klinické tidaje pacientll byly staZeny
z portalu TCGA (gdc.cancer.gov). Po kontrole dostupnych klinickych udaji jsme
z analyzy vyloucili pfipady neuroendokrinnich nadorG a specialnich podtypt
adenokarcinomu pankreatu. VySetfeny soubor obsahoval 160 pacientli s konvencnim

PDAC.

4.2 Morfologicka charakteristika nadori

Nadory byly histopatologicky hodnoceny podle 4. vydani WHO klasifikace
tumort traviciho Ustroji (Bosman et al. 2010). VSechny vySetiované nadory odpovidaly
konvenénimu duktalnimu adenokarcinomu. Mikroskopicka architektonika nadorti byla
klasifikovana jako tubulérni, kribriformni, solidné-trabekularni, —mucin6zni,
svétlobunécnd a disociativni (obrazek ¢islo 3). U jednotlivych ptipada bylo v archivu
nalezeno 4-8 histologickych preparati obsahujicich nador. Detailn€j§i hodnoceni

probihalo na kazdém histologickém fezu obsahujicim struktury PDAC. Zastoupeni
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histologickych struktur v nadoru bylo hodnoceno vcelém jeho objemu, podil
jednotlivych typt byl spoc€itdn po péti procentech celkového objemu naddoru. Nuklearni
pleomorfismus byl hodnocen dle tfistupniové klasifikace jako mirny, stfedni nebo
vyrazny. Mitézy byly pocitiny na 10 zornych poli s velkym zvétSenim (HPF)
(mikroskop Olympus BX43 a objektiv Olympus Plan 40x/0.65).

Obrazek ¢islo 3: Histologicka struktura pankreatického duktalniho adenokarcinomu.
A — tubularni (20x zvétSeni). B — kribriformni (20x). C — solidn¢ trabekularni (20x). D — disociativni
(40x). E — hlenotvorny (20x). F — svétlobunécny (20x).

4.3 Vybér vzorki pro analyzu exprese miRNA

Z archivovanych parafinovych blokii byl vybran vzdy jeden blok, kde nadorova
tkan tvofila minimalné¢ dvé tfetiny rozsahu. Vzorky nenddorové tkan¢ pankreatu
predstavujici negativni kontrolu byly ziskdny ze separatnich parafinovych blokl ze

vzdalenosti minimalné 15 mm od nadoru.
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4.4 1zolace miRNA a reverzni transkripce

Pro izolaci miRNA byly pouzity tfi parafinové fezy tloustky 6 pum, ziskané
z kazdého vybraného bloku. Izolace byla provedena pomoci kitu miRNeasy FFPE kit
(Qiagen), dle pokynl vyrobce. Pro ovéieni kvality a Cistoty izolatu bylo pouzito 2
mikrolitrd RNA. Pomér absorbance byl méfen multidetekénim pfistrojem Synergy HT
(BioTek) pti vinové délce 260 a 280 nm, pouzitim Take3 micro-volume ploténky.
Integrita izolované RNA byla hodnocena agar6zovou gelovou elektroforézou a pomoci
softwaru GeneTools 3.08 (SynGene).

Pro reverzni transkripci byl pouzit mix stem-loop primert. Pro analyzu byly
zvoleny stem-loop primery, jejichz struktura snizuje vazbu primeru na pre- a pri-
miRNA a tim se zvySuje specificita vySetfeni. Primery byly navrZzeny pomoci miRNA
primer design softwaru (Dr. Fuliang Xie, East Carolina University). Sekvence stem-
loop primerti pro vnitini kontroly, vcetné¢ “alien spike” (miR-39 od C. elegans) a

kvantifikovanych pankreatickych miRNA jsou v Tabulkach ¢islo 2 a ¢islo 3.

Jméno kontroly Sekvence stem-loop primerti
miR-39 C. elegans GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTATTAC
U6 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAATATGG
U91 snoRNA GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGGCCT
miR-16 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA

Tabulka ¢islo 2: Stem-loop primery pro reverzni transkripci vnitfnich kontrol.

miRNA Sekvence stem-loop primerti

miR-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA

miR-96 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCAAAAATGTG
miR-148a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTCGGAG
miR-155 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCCTATCACG
miR-196a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCCAACAACATG
miR-210 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGCCGCTGTC
miR-217 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCAATCAGTTC

Tabulka ¢isle 3: Stem-loop primery pro reverzni transkripci miRNA.
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Sekvence primert
Univerzalni primer ATCCAGTGCAGGGTCCGAGG
mir-39 C. elegans GCGGCGGAGCTGATTTCGTCTTG
U6 GCGGCGGCGCAAGGATGACACG
U91 snoRNA GCGGCGGTGGCCGATGATGACG
miR-16 GCGGCGGTAGCAGCACGTAAAT
miR-21 GCGGCGGTAGCTTATCAGACTG
miR-96 GCGGCGGTTTGGCACTAGCAC
miR-148a GCGGCGGAAAGTTCTGAGACACTCC
miR-155 GCGGCGGTTAATGCTAATCGTG
miR-196a GCGGCGGTAGGTAGTTTCATGTTG
miR-210 GCGGCGGCTGTGCGTGTGACAG
miR-217 GCGGCGGTACTGCATCAGGAAC

Tabulka ¢islo 4: Primery pro RT-qPCR.

Reverzni transkripce byla provedena pouzitim pfistroje C1000 Thermal Cycler
(BIO-RAD). Reakéni smés objemu 50 pl obsahovala: 1 pg DNA-free RNA, reakcni
pufr [50 mM Tris — HCI (pH 8.3 pti 25 °C), 50 mM KCl, 4 mM MgCl, a 50 mM DTT];
1 mM dATP, dTTP, dCTP, dGTP; 20 IU rRNasin ribonukleazového inhibitoru; 100 IU
Moloney murine leukemia virus reverzni transkriptizy (M-MulLV RT, Thermo
scientific) a primer mix, obsahujici 20 pmol z kazdého stem-loop primeru. Spike RNA
(miR-39 od C. elegans, 5 x 108 kopii) byla pfidana do smési pfed transkripci, jako
normalizacni kontrola. Po denaturaci (5 minut pti 70°C, nasledné chlazeni na ledu),
reakéni smés byla inkubovana 10 minut pifi 25°C, nésledné 60 minut pii 42°C. Pro

ukonceni reakce byla smés zahtata 10 minut na 70°C.

4.5 Hodnoceni exprese miRNA pomoci qPCR

Vzorky cDNA byly amplifikovany v duplikatech bezprostifedné po reverzni
transkripci, pouzitim pfistroje 7500 Fast real-time PCR system (Applied Biosystems) a
kitu Hot FirePol EvaGreen qPCR Mix Plus (Solis BioDyne). Do reakéni smési byl
pfidan 10 pmol kazdého primeru (miRNA specifickych a univerzalni, Tabulka ¢islo 4) a
2 ul cDNA. Amplifikace vzorkii ¢cDNA probihala pfi nasledujicich podminkéch:
denaturace pti 94 °C délky 15 minut, nasledné 40 cykla tvofenych denaturaci pii 94 °C
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trvajici 15 s, annealingem pfi 62 °C trvajici 60 s a DNA syntézou pii 72 °C trvajici 40 s.
Specificita reak¢nich produktii byla sledovana pomoci kiivek tani.

Metoda AACT byla pouzita pro stanoveni hladin relativni exprese
analyzovanych miRNA v nadorech (Pfaffl 2001). CT (cycle treshold) je hodnota
amplifikacniho cyklu, pfi které PCR vstoupi do faze exponencidlniho riistu a intenzita
fluorescencniho signadlu produktu piekro¢i silu pozadi. Hodnota CT byla stanovena
individualné pro kazdou miRNA v nadorech a v pfislusnych nenddorovych tkanich

pankreatu. Vypocet relativnich hodnot exprese probihal dle formule:

AACT = ((CTmi.[{NA ) tumor ( (CTCUHUUI )nurmal + 11) )
- ((CTm]RNA )I‘[UI’ITIE]J - ( CrTCUI‘ltrUl )nurm;ﬂ ) :

4.6 Statisticka analyza

4.6.1 Prvni studie

Exprese miRNA v nddorové a normdlni tkani byla porovnana prostfednictvim
parovan¢ho dvouvybérového Studentova t-testu a analyzou rozptylu (ANOVA).
Hodnoty p < 0.05 byly povaZovany za statisticky vyznamné. Udaje z méfeni RT-qPCR
(CT-threshold cykly) byly linearizovany, algoritmus NormFinder byl pouZzit pro vybér

nejstabilnéjsiho genu z vnitinich kontrol.

4.6.2 Druha studie

Statistickd analyza byla provedena pomoci programi GenEx 6 (MultiD
analyses), S.A.S. verze 9.4 (SAS Inc, Cary, NC, USA) a SPSS 25 (IBM). Exprese
miRNA v néddorové a normalni tkani byla porovnana pomoci parovaného Wilcoxonova
testu. Vztah hladiny exprese individualnich miRNA byl hodnocen pomoci Spearmanova
koeficientu potadové korelace. Vztah exprese miRNA a klinicko-patologickych
charakteristik nadoru k délce preziti pacientt s PDAC byl hodnocen univariantni
analyzou a multivariantni analyzou pomoci Coxova modelu proporciondlnich rizik.
Vztah exprese miRNA a délky pieziti pacienti v databaze TCGA byl hodnocen
univariantni analyzou pomoci Coxova modelu regrese. Kazda testovana hypotéza byla
dvoustrannd. Vybrand hladina vyznamu byla a = 0.05, hodnoty p < 0.05 byly

povazovany za statisticky signifikantni.
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5. VYSLEDKY

5.1 Vztah exprese miRNA v PDAC k endogennim kontrolam

V prvni studii byla hodnocena exprese vybranych miRNA (miR-21, miR-96,
miR-148a, miR-155, miR-196a a miR-217), izolovanych z parafinovych bloku resekatt
PDAC a piislusnych nenadorovych tkani. Porovndni exprese miRNA mezi PDAC a
nenadorovou kontrolou prokdzala signifikantni variaci pro hodnotu exprese kazdé
z vysetfenych miRNA (Obrazek cislo 4, Tabulka ¢islo 5).

Onkogenni miR-21 byla vyznamné over-exprimovand v nadorech, az 17.71
nasobné pii normalizaci k U91 (p < 0.01). Zjisténé hodnoty exprese miR-21 se zménily
na 5.44nasobek pti normalizaci k U6 (p <0.01), 7.03nasobek v piipadé miR-16 (p
<0.01) a na 14.56nasobek pii “spike” (p <0.01)

Hodnota exprese miR-96 v PDAC nevykazovala signifikantni zmény pfi
normalizaci pomoci “spike” (p > 0.05) a U91 (p > 0.05). Exprese miR-96 byla ovSem
vyznamné down-regulovana, kdyz byla métena relativné k U6 (3.22krat, p < 0.01) nebo
miR-16 (2.32krat, p < 0.01).

Nebyl prokazan signifikantni rozdil v expresi miR-148a pii normalizaci k
“spike” (p > 0.05), nebo k U91 (p > 0.05). Na druhou stranu, exprese miR-148a byla
signifikantné sniZzena pii pouziti U6 (1.33krat, p < 0.01) a miR-16 (2.04krat, p < 0.01)
pro normalizaci.

V nadorech byla zjiSténa zvySend exprese miR-155, s vyznamnou variaci pfi
pouziti riznych vnitinich kontrol pro normalizaci: amplifikace miR-155 byla 15.1
nasobna relativné k “spike” (p < 0.01); 5.05 nasobné k U6 (p < 0.01); 6.39 nasobna k
miR-16 (p <0.01) a 13.36 nasobna k U91 (p <0.01).

Exprese miR-196a byla mirné¢ zvySena relativné pii normalizaci k “spike”
(1.09krat) a U91 (1.13krat), aniz by byl vysledek statisticky signifikantni (p > 0.05).
Hladina miR-196a byla statisticky vyznamné sniZena relativné k U6 (2.22krat, p < 0.01)
a nevyznamng¢ snizena k miR-16 (1.35krat, p > 0.05).

Hladina miR-217 byla vyznamné niz$i ve vSech piipadech PDAC v porovnani s
normdlni tkani pankreatu, pfi normalizaci ke vSem vnitfnim kontrolam (p < 0.01).
Nejnizsi hodnota exprese byla stanovena pii normalizaci k U6 (24.39 nasobné snizeni,

p<0.01).
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Obrazek ¢islo 4: Exprese miRNA pfii pouziti riznych vnitfnich kontrol

Primérna exprese vybranych miRNA ve vzorcich PDAC, méfeno pomoci RT-qPCR pii normalizaci k
odlisnym internim kontrolam a ke kombinaci U6 + U91. Hodnoty jsou prezentovany jako primeér +
standardni odchylka. Hodnoty exprese miRNA jsou signifikantné variabilni, v zavislosti od volby

normalizace.
. Vnitini kontroly

miRNA Spike U6 miR-16 w91 U6+U91

. 1456+ 6,468 | 544+273 | 7.03+3.614 17,71 9,67 + 6,287
miR-21 p <0.01 p <0.01 p <0.01 11,922 p <0.01

p <0.01

ipos | JLO4E0668 | 32251766 | 2321376 | -117£ 0831 | 1,85+ 1,134
p > 0.05 p <0.01 p <0.01 p > 0.05 p <0.01

nolaga | 1250429 | 2042092 [-133£0,782 | 1,06£0,549 [ -1,27+0,59%
p > 0.05 p <0.01 P <0.05 p > 0.05 p>0.05

iRolss | 11 £8786 | 50552992 | 6393312 | 13369477 | 8,79£5,675
p <0.01 p <0.01 p <0.01 p <0.01 p <0.01

iR196a | D09E0306 [ 222109 [-135+0905 | LI3£0676 |-1,34%0,726
p > 0.05 p <0.01 p > 0.05 p > 0.05 p <0.05

iRl | 869499 243913616 |-1639=9,71 | -9,09+5323 [ 7,19 %4161
p <0.01 p <0.01 p <0.01 p <0.01 p <0.01

Tabulka ¢islo 5: Primérna zména hladin exprese ve vzorcich PDAC, méfena relativné k 4 rliznym
vnitfnim kontrolam a ke kombinaci U6 + U91, pii porovnani s normalni tkani pankreatu. Negativni
hodnoty oznacuji down-regulaci miRNA v nadoru. Vysledy jsou uvedeny jako prumér + standardni
odchylka. Hodnota p < 0.05 je povaZovana za statisticky signifikantni. P-hodnoty pro bezvyznamné

rozdily jsou vyznaceny Cervenym pismem.
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Kombinace U6 a U91 byla identifikovana jako nejspolehlivéjsi pro hodnoceni
exprese miRNA (hodnota stability = 0.036; Tabulka ¢islo 6). Pii normalizaci s
nejstabilnéjsim parem (Tabulka ¢islo 5), miR-21 a miR-155 vykazovaly signifikantni
up-regulaci (9.67 nasobné a 8.79 nasobné, p < 0.01). Aktivita miR-96, miR-196a a miR-
217 byla vyznamn¢ inhibovana (1.85 nasobné, 1.34 ndsobn¢ a 7.19 nasobné, p < 0.01).

Exprese miR-148a byla téZ nizsi, zména ale nebyla statisticky signifikantni (p > 0.05).

Gen Hodnota stability Nejlepsi gen U91
Hodnota
Spike 0.085 stability 0.056
U6 0.056 Nejlepsi U6 a
kombinace dvou U9l
miR-16 0.078 genu:
U91 0.056 Hodnota
stabl'llty pro 0.036
nejlepsi
kombinaci:
Nitroskupinova variace Meziskupinova variace
Skupina 1 2 | Skupina 1 2
Spike 0.061  0.065 | Spike 0.054 -0.054
ue6 0.013  0.026|U6 -0.026  0.026
miR-16 0.023  0.086|miR-16  -0.043  0.043
U9l 0.017  0.053]U91 0.016 -0.016

Tabulka ¢islo 6: Stabilita vnitinich kontrol zjisténa analyzou algoritmem NormFinder.
Skupina 1) Normalni tkan¢; skupina 2) vzorky PDAC.

5.2 Stanoveni optimalniho postupu normalizace pro méreni exprese miRNA

Pro urceni optimalni kontroly pro normalizaci byly pomoci one-way ANOVA
analyzy porovnany hodnoty exprese vySetfenych miRNA, normalizované k “spike” i k
dalSim endogennim kontrolam, v¢etné¢ kombinaci U6 + U91. V ptipadé€ stability vSech
normaliza¢nich kontrol by byly hodnoty exprese vySetrenych miRNA shodné pro
kazdou kontrolu. Provedena analyza naopak prokazala signifikantni rozdily v expresi
pro miR-21, miR-96, miR-148a, miR-155 a miR-196a (p < 0.01). Rozdil v expresi byl
pro miR-217 nevyznamny (p > 0.05).

Nasledné byly prostfednictvim parového Studentova t-testu porovnany hodnoty
exprese vybranych miRNA ziskané po normalizaci k ,,spike* nebo k endogennim
kontrolam (Tabulka ¢islo 7). Rozdily v expresi vSech vybranych miRNA, kromé miR-

217, byly odlisné pii normalizaci k ,,spike®, U6 a pti kombinaci U6 a U91. V piipade
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miR-16 byly rozdily nevyznamné pouze pro miR-217 (p > 0.05). Rozdily v expresi
mezi “spike” a U91 byly statisticky insignifikantni pro kazdou z miRNA (p > 0.05),
mimo miR-217 (p < 0.05). Jedina endogenni kontrola, kterd demonstrovala podobné
chovani jako “spike”, byla U91.

Prahové cykly (CT) pro kazdou z endogennich kontrol se liSily v nddorech a
v normalnich tkanich pankreatu (Obrazek cislo 5). Behem analyzy amplifikacnich
kiivek pro rizné interni kontroly téméf v kazdém vzorku tumoru byla zména prahového
cyklu o n = 5-6 cyklii v porovnani s normalni tkani. CT hodnoty pro “spike” byly
podobné u PDAC a u normalnich tkéni, s rozdilem mensim nez n = 0.8 cykla. V ptipadé
dalsich kontrol zmény CT-hodnot ¢inily od n = -6.20 do n = 5.8 cykli. Hladina exprese
zvolenych endogennich kontrol byla zméfena pouzitim normalizace k “spike” (Tabulka
¢islo 8). Variace v expresi U6 v tumorech vykazovala hodnoty -1.03 aZ 8.12ndsobek
normalnich tkani, miR-16 -2.94 az 7.38néasobek a U91 -3.05 az 4.36nasobek. V expresi
rozdil byl statisticky signifikantni pro kazdou wvnitini kontrolu (p < 0.01). U6 byla
nadmérné exprimovdna v 22 nddorech (z 24), miR-16 v 18 nadorech a U91 v 14
nadorech. MiR-16 byla down-regulovana v 6 nddorech a U91 v 5 nadorech.

Ve vzorcich nadoru jsme prokazali instabilitu exprese pro kazdou endogenni
kontrolu. Algoritmus NormFinder byl pouzit pro identifikaci nejstabilnéj$i interni
kontroly. Udaje ohledn& exprese vnitinich kontrol ziskané RT-qPCR byly linearizovany
a porovnany ve dvou skupinach: tumory a normalni pankreatické tkan€ (Tabulka cislo
6). Nejstabilngjsi kontrolou byla U91 (hodnota stability = 0.056), hodnoty stability pro
dal$i vnitini kontroly byly podobné (hodnota stability = 0.085; 0.056 a 0.078 pro
“spike”, U6 a miR-16). U6 vykazovala stejnou hodnotu stability jako U91 (hodnota
stability = 0.056), demonstrovala ale vyS$8§i hodnoty vnitroskupinové variability.
Piekvapiv€, nejméné stabilni kontrolou byl “spike” (hodnota stability = 0.085).
Dtivodem pro “nestabilitu” spike mtze byt, Ze Normfinder dokaze vypocitat variace
dvou skupin, obsahujici kazdy ptipad nadoru a normalnich tkani. Neni ale schopen
posoudit rozdily mezi normalni tkdni a nddorem u jednotlivych pacientt.
Nejstabilngjsim parem vnitinich kontrol byla kombinace U6 + U91 (hodnota stability =
0.036).
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Vnitini kontroly
miRNA U6 miR-16 U9l U6+U91
2,97E-06 0.003404 0,7979 0.000789
miR-21 | p <0.001 p<0.01 p > 0.05 p<0.01
0.003078 0.02723 0,639203 0.038631
miR-96 | p <0.01 p <0.05 p > 0.05 p <0.05
4,66E-06 0.007849 0,3078 0.000586
miR-148a | p <0.001 p<0.01 p > 0.05 p<0.01
6,13E-05 0.000873 0,534202 0.001831
miR-155 | p<0.01 p<0.01 p > 0.05 p<0.01
7,93E-07 0.042034 0,862491 0.000117
miR-196a | p <0.001 p <0.05 p > 0.05 p<0.01
0.003951 0.065696 0.024668 0.008373
miR-217 | p<0.01 p > 0.05 p <0.05 p <0.05

Tabulka ¢islo 7: Rozdily hodnot exprese miRNA pfi normalizaci.

Hladiny exprese miRNA byly normalizovany relativné k ,,spike®, v porovnani s normalizaci relativné k
dal§im vnitinim kontrolam. Hodnoty p < 0.05 parovaného t-testu byly povazovany za statisticky
signifikantni. Hodnoty p statisticky nevyznamnych rozdilti jsou vyznaceny tu¢nym cervenym pismem.
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Obrazek ¢islo 5: Endogenni kontroly maji odlisné prahové cykly (CT) v nadorech a v normalnich

tkanich.

a). Spike, rozdil v CT mezi tumorem a kontrolou je n = 0,11 cyklt. b). Hodnota rozdilu pro U6 je n = -
2,42 cykld. c¢). Pro miR-16 je n = -1,56 cykld. d). Pro U91 je n = 2,05 cykli. Tento nalez potvrzuje, Ze
exprese zvolenych endogennich kontrol v tumorech je variabilni.
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Geny
U6 miR-16 U9l
Min -1,03 -2,94 -3,05
Max 8,12 7,38 4,36
Primér + SD 3,13+ 1,331 2,69 £ 1,540 1,61 +0,730
p<0.01 p<0.01 p<0.01

Tabulka ¢islo 8: Hladiny exprese endogennich kontrol v PDAC, relativné pti normalizaci k “spike”.
Hodnoty exprese endogennich kontrol jsou signifikantné variabilni v. PDAC, v porovnani s normalni
tkani Hodnoty p < 0.05 byly povazovany za statisticky signifikantni.

5.3 Exprese miRNA v karcinomech pankreatu

Analyza tkani PDAC prokdzala v souborech pacienti v1. a v2. studii
signifikantni zmény exprese vybranych miRNA (Tabulka ¢islo 5 a 9). Ve skupiné
pacienti ve 2. studii (Tabulka ¢islo 9) bylo zjisténo zvySeni exprese miR-21, miR-155 a
miR-210 (az 72.62-krat, 232.36-krat a 181.38-krat; p < 0.01), v porovnani
s nenddorovou tkani pankreatu. Na druhou stranu, miR-96 byla vyznamné down-
regulovdna v PDAC (-1.42-krat, p < 0.01). Exprese miR-217 byla ¢asto inhibovéna, v
patnacti vzorcich PDAC nebyla tato miRNA vibec detegovana. Signifikantni rozdily
mezi nadorem a normalni tkdni nebyly zjistény pro expresi miR-148a a miR-196a (p >
0.05)

Byla zjisténa signifikantni pozitivni korelace mezi urovni exprese riznych
miRNA (Tabulka ¢islo 10 A a B). Vysoké hladiny miR-21 souvisely s elevaci miR-155
(p=0.48,p<0.01) amiR-210 (p=0.36, p <0.01). Down-regulace miR-96 korelovala s
miR-196a (p = 0.42, p < 0.01). Vztah mezi miR-155 a miR-210 (p = 0.30, p = 0.029),
dale mezi miR-148a a miR-217 (p = 0.27, p = 0.048) byl signifikantni pro interval
spolehlivost 95 % a nesignifikantni pro 99 %.

miRNAs Zmény hladiny exprese miRNA
Min Max Primér + SD

miR-21 -16.12 72.62 12.01 £ 14.242 p <0.05

miR-96 -18.52 6.22 -1.42+3.981 p<0.05
miR-148a -55.56 423 -1.63 £10.762 p=0.08
miR-155 -13.16 232.36 22.91 £38.526 p<0.05
miR-196a -15.38 259 0913 +5.574 p=0.91
miR-210 -4.0 181.38 15.68 +£28.869 p <0.05
miR-217 -100 (0%*) 15.87 -7.45+16.537 p<0.05
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Tabulka ¢islo 9: Primérné zmény hladin exprese miRNA v PDAC, pfi porovnani s normalni tkani.
Vysledky jsou uvedeny jako primér + standardni odchylka. Negativni hodnoty oznacuji down-regulaci
miRNA v nadoru. Hodnoty p < 0.05 byly povazovany za statisticky signifikantni. Hodnoty p
Wilcoxonova testu pro signifikantni rozdily jsou vyznaceny tuénym €ervenym pismem.

*Exprese miR-217 nebyla detegovana v patnacti piipadech PDAC.

A miR-21 | miR-96 | miR-148a | miR-155 | miR-196a | miR-210 | miR-217
miR-21 1 0.1197 0.1167 0.4827 0.1786 0.3601 | -0.0415
miR-96 0.1197 1 0.1142 0.1193 0.4281 -0.0047 | 0.0150

miR-148a | 0.1167 | 0.1142 1 0.0871 -0.1575 0.0843 0.2747
miR-155 | 0.4827 | 0.1193 0.0871 1 -0.0630 0.3023 | -0.1114
miR-196a | 0.1786 | 0.4281 -0.1575 -0.0630 1 0.0478 0.0409
miR-210 | 0.3601 | -0.0047 | 0.08435 0.3023 0.0478 1 -0.0557
miR-217 | -0.0415 | 0.0150 | 0.27475 -0.1114 0.0409 -0.0557 1

B miR-21 | miR-96 | miR-148a | miR-155 | miR-196a | miR-210 | miR-217
miR-21 0 0.39775 | 0.40961 0.00028 0.20512 | 0.00871 | 0.7699
miR-96 | 0.39775 0 0.42014 0.39928 0.00154 | 0.97316 | 0.9153

miR-148a | 0.40961 | 0.42014 0 0.53890 0.26478 | 0.55215 | 0.0486

miR-155 | 0.0002 | 0.39928 | 0.53890 0 0.65716 | 0.02933 | 0.4316
miR-196a | 0.20512 | 0.00154 | 0.26478 0.65716 0 0.73616 | 0.7732
miR-210 | 0.00871 | 0.97316 | 0.55215 0.02933 0.73616 0 0.6947
miR-217 | 0.76992 | 0.91539 | 0.04869 0.43166 0.77322 | 0.69476 0

Tabulka ¢islo 10 A a B: Korelace exprese hladin exprese mezi riznymi miRNA

Hodnoty Spearmanova koeficientu potadové korelace (p) byly pouzity pro hodnoceni vztahu exprese
riznych druhi miRNA (A). P-hodnoty nizsi nez p < 0.05 jsou povazovany za statisticky signifikantni a
jsou vyznaceny tuénym ¢ervenym pismem (B).

5.4 Exprese miRNA a kliniko-patologické charakteristiky pacientii

Porovnéani hladin miRNA s klinicko-patologickymi charakteristikami pacientil
pomoci Spearmanova koeficientu ukazalo pozitivni korelaci exprese miR-210 s v€kem
pacientli (p = 0.35, p = 0.0094; Tabulka ¢islo 11). Exprese analyzovanych miRNA
nekorelovala s dal§imi parametry, v€etné stadia nddoru, stupné diferenciace, ptitomnosti

uzlinovych metastaz, perineuralni propagace a lymfovaskularni invaze.
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Parametry pacientil
miRNA Vek Stupen Hodnota | Metastaza | Perineur. Lymf. | Resekéni
diferenciace pT do LU* Siteni invaze okraj

) 0.21643 0.13555| 0.08242| -0.06524 0.02653| 0.01311| -0.03796
miR-21 p=0.1159| p=0.32841| p=0.5534| p=0.6393 | p=0.84897 | p=0.9250| p=0.7852
) 0.03486 0.00322| 0.14026| 0.22004 0.06899 | -0.05362| 0.05152
miR-96 p=0.8023 | p=0.98155| p=0.3117| p=0.1098 | p=0.62012 | p=0.7001 | p=0.7113
miR- -0.09795 -0.14682| -0.00647| 0.12408 0.05483 | -0.08936| 0.15726
148a | p=0.4810| p=0.28941| p=0.9629| p=0.3713 | p=0.69375| p=0.5205 | p=0.2561

) 0.18552 0.02586| 0.13994 0.0243 0.16095| -0.00596| -0.0949
miR-153 p=0.1792| p=0.85272| p=0.3128 | p=0.8615| p=0.24497 | p=0.9659 | p=0.4948
miR- 0.1392 0.04928 | 0.14689| 0.15736| -0.08668| 0.01907| 0.19932
196a | p=0.3154| p=0.72342| p=0.2891| p=0.2557| p=0.53313 | p=0.8911 | p=0.1484

) 0.35047 0.03133| 0.03515| 0.03198 0.08666 | -0.01787| 0.02982
miR-210 p=0.0093 | p=0.82208 | p=0.8007| p=0.8184 | p=0.53321| p=0.8979 | p=0.8304
) -0.24358 -0.06054 | 0.15461| 0.01408 0.046| -0.20857| 0.09764
mik-217 p=0.0759| p=0.66365| p=0.2642| p=0.9195| p=0.74117 | p=0.1301 | p=0.4824

Tabulka ¢islo 11: Korelace klinicko-patologickych vlastnosti pacientd s hladinou exprese miRNA.

Hodnoty Spearmanovy korelace (p) byly pouzity pro hodnoceni vztahu klinicko-patologickych parametra
tumoru a exprese miRNA. P-hodnoty nizsi nez p < 0.05 jsou povazovany za statisticky signifikantni a
jsou vyznaceny tuénym ¢ervenym pismem. *LU — lymfaticka uzlina.

5.5 Exprese miRNA a histologicka struktura nadoru

Hodnoceni vztahu exprese miRNA k mikroskopickému obrazu PDAC pomoci

Spearmanovy korelace ukézalo statisticky signifikantni asociaci exprese vybranych

miRNA s histologickou strukturou nadorti (Tabulka ¢islo 12). ZvySena exprese miR-

148a a miR-217 souvisela s tubularnim uspofadanim, které je charakteristické pro vice

diferencované nadory (p = 0.39, p = 0.0030; p = 0.28, p = 0.0396). Hodnoty miR-148a

vykazovaly negativni korelaci se stupném nuklearni atypie (p = -0.30, p = 0.0274) a

s disociativnim uspofadanim (p = -0.28, p = 0.0338). Exprese miR-155 m¢la pozitivni

korelaci s vysokou mitotickou aktivitou nddorovych bunék (p = 0.27, p = 0.0468).
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miRNA
Parametry
miR- miR-
nadoru . miR-96 miR-155 miR-210 | miR-217
miR-21 148a 196a
Struktura -0.06396 | 0.20166 | 0.39621 | -0.18439 | 0.07923 | -0.17178 | 0.28100
Tubularni | p=0.6459 | p=0.1437 | p=0.0030 | p=0.1820 | p=0.5690 | p=0.2142 | p=0.0396
-0.00316 | 0.04965 | 0.01063 | 0.06643 | -0.07216 | 0.16552 | -0.07146
Kribriformni
p=0.9819 | p=0.7215 | p=0.9392 | p=0.6332 | p=0.6041 | p=0.2317 | p=0.6076
Solidné 0.02782 | -0.09591 | -0.21358 | 0.15416 | -0.06176 | -0.01352 | -0.10583
Trabekularni | p=0.8417 | p=0.4903 | p=0.1210 | p=0.2657 | p=0.6573 | p=0.9227 | p=0.4463
-0.04564 | -0.08164 | -0.28938 | 0.03988 | -0.05832 | 0.01061 | -0.11410
Disociativni
p=0.7431 | p=0.5573 | p=0.0338 | p=0.7747 |p=0.6753 | p=0.9393 | p=0.4113
0.15876 | 0.05180 | -0.00503 | 0.17032 | 0.09870 | 0.19978 |-0.15013
Svétlobunécna
p=0.2515 | p=0.7099 | p=0.9712 | p=0.2182 |p=0.4777 | p=0.1475 | p=0.2786
Nuklearni 0.09231 | -0.03809 | -0.30015 | 0.11659 | -0.05003 | 0.04269 | -0.01895
atypie p=0.5068 | p=0.7845 | p=0.0274 | p=0.4011 |p=0.7194 | p=0.7592 | p=0.8918
Mitoticka 0.18985 | -0.16938 | -0.10428 | 0.27182 | -0.01885 | 0.08383 | -0.24747
aktivita p=0.1691 | p=0.2208 | p=0.4530 | p=0.0468 |p=0.8924 | p=0.5467 | p=0.0712

Tabulka ¢islo 12: Korelace histologické struktury nadoru, nuklearnich atypii a mitotické aktivity
s hladinou exprese vybranych miRNA.

Hodnoty Spearmanovy korelace (p) byly pouzity pro hodnoceni vztahu morfologickych parametrd
tumoru a exprese miRNA. P-hodnoty nizsi nez p < 0.05 jsou povazovany za statisticky signifikantni a
jsou vyznaceny tuénym ¢ervenym pismem.
5.6 Vztah parametri nadoru a exprese miRNA s piezitim pacientti

Udaje o intervalu mezi chirurgickou resekci nadoru a progresi nemoci (PFS)
byly dostupné u 42 pacientl, s medidnem tfinacti mésicli. Celkové preziti (OS)
nemocnych bylo od 1 do 81 mésicl, s medianem 19 mésicti. Sedm pacientl bylo bez
relapsu po 20-81 mésicd, vSichni tito nemocni ptrezivali az do konce sledovani.

Hodnoceni prognostického vyznamu stadia nadoru bylo omezeno poctem
pacientli. Nebyly patrny rozdily v prognoéze mezi stiedné a Spatné diferencovanymi
karcinomy (p > 0.05). Pozitivni resekéni okraj byl asociovan s kratSim PFS (p = 0.005).
Vaskularni invaze signifikantné korelovala s kratSim OS pacientl (p = 0.036). Nebyl
prokdzan vztah délky pteziti k perineuralnimu Sifeni ani k metastatickému postiZzeni
lymfatickych uzlin.

Mitotickd aktivita nddorovych bunck byla z morfologickych parametri nadoru

nejvyznamnéjsi pii korelaci s OS a PFS (p = 0.0093 a p = 0.0063). Hranice 3 mit6z na
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10 HPF 40x umoznila urcit pacienty s dobrou a se Spatnou prognézou. Mikroskopické
usporddani nadoru, vcetné¢ tubuldrniho, kribriformniho, solidn¢ trabekuldrniho a
disociativniho, nebylo asociovano s prognoézou pacientii. Solidn¢ trabekularni
uspotadani bylo pfi univariantni analyze na hranici vyznamnosti s OS (p = 0.058).
Hodnoceni vztahu exprese zkoumanych miRNA s progndézou nemocnych s
PDAC neodhalilo signifikantni korelaci. Nebyl prokazan statisticky vyznamny vztah
mezi PFS, OS a expresi zkoumanych miRNA (p > 0.05, Tabulka ¢islo 13 a cislo 14).

Parameter Standard Hazard 95% HR Confidence
miRNA Estimate Error Chi-Square Fohodnors Ratio Limits
miR-21 0.00419 0.01060 0.1562 0.692; p>0.05 1.004 0.984 1.025
miR-96 0.02320 0.14363 0.0261 0.871; p>0.05 1.023 0.772 1.356

miR-148a 0.00340 0.02204 0.0238 0.877; p>0.05 1.003 0.961 1.048
miR-155 0.00299 0.00401 0.5562 0.455; p>0.05 1.003 0.995 1.011
miR-196a -0.01748 0.04550 0.1475 0.700; p > 0.05 0.983 0.899 1.074
miR-210 0.00427 0.00510 0.6998 0.402; p > 0.05 1.004 0.994 1.014
miR-217 0.07048 0.08000 0.7761 0.378; p>0.05 1.073 0.917 1.255

Tabulka ¢islo 13: Vztah celkového preziti a exprese miRNA u pacientti s PDAC.

Coxtv model proporcionalnich rizik byl pouzity pro analyzu prognostickych funkci miRNA. P-hodnoty
vyssi nez p > 0.05 jsou povazovany za statisticky insignifikantni a jsou vyznaceny tuénym cEervenym
pismem.

Parameter Standard Hazard 95% Hazard Ratio
miRNA Estimate Error Chi-Square P-hodnota Ratio Confidence Limits
miR-21 0.00704 0.00993 0.5029 0.478; p>0.05 1.007 0.988 1.027
miR-96 0.01405 0.13169 0.0114 0.915; p>0.05 1.014 0.783 1.313

miR-148a 0.04633 0.02440 3.6051 0.057; p>0.05 1.047 0.999 1.099
miR-155 0.00357 0.00358 0.9915 0.319; p>0.05 1.004 0.997 1.011
miR-196a -0.02901 0.04370 0.4407 0.506; p > 0.05 0.971 0.892 1.058
miR-210 0.00565 0.00457 1.5276 0.216; p > 0.05 1.006 0.997 1.015
miR-217 0.04751 0.07628 0.3879 0.533; p>0.05 1.049 0.903 1.218

Tabulka ¢islo 14: Vztah pfeziti bez progrese a hladiny exprese miRNA u pacienti s PDAC.
Coxtiv model proporciondlnich rizik byl pouzity pro analyzu prognostickych funkci miRNA. P-hodnoty
vys$$i nez p > 0.05 jsou povazovany za statisticky insignifikantni a jsou vyznaceny tucnym cervenym
pismem.

V souboru TCGA byla celkové délka pieziti pacientii 0-73 mésici, s medidnem
preziti 15 meésicti. Do konce doby sledovani ptezivalo 71 pacientd. Pfi univariantni

analyze exprese zadnd ze zkoumanych miRNA nevykazovala statisticky vyznamny

vztah s OS (p > 0.05, Tabulka ¢islo 15). Databaze neobsahovala tidaje o PFS pacientil.

54



Standard H d 95,0% CI for hazard
miRNA B ANGAre! ywald | P-hodnota | = 22" ratio
error ratio

Lower Upper
miR-21-5p 0,175 0,34 0,267 0,606 1,192 0,613 2,318
miR-96-5p -0.066 0,146 0,207 0,649 0,936 0,704 1,245
miR-148a-5p | -0.098 0,159 0,377 0,539 0,907 0,664 1,239
miR-155-5p | 0,241 0,203 1,406 0,236 1,272 0,854 1,895
miR-196a-5p | 0,138 0.076 3,302 0.069 1,148 0,989 1,331
miR-217 0.026 0.051 0,258 0,611 1,026 0,928 1,135

Tabulka ¢islo 15: vztah mezi expresi zkoumanych miRNA a délkou OS pacientt.

Univariantni analyza Cox regrese byla provedena po logaritmické transformaci udaji o expresi miRNA.
P-hodnoty vyssi nez p > 0.05 jsou povazovany za statisticky insignifikantni a jsou vyznaceny tu¢nym
cervenym pismem.
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6. DISKUZE

6.1 Vybér optimalni endogenni kontroly pro normalizaci algoritmem Normfinder

Hodnoceni exprese miRNA pomoci RT-qPCR se muze stat dilezitou soucasti
diagnostiky PDAC. Cilem normalizace metody je odstranit non-biologické variability
v analytech, které vznikaji pti odbéru, skladovani, extrakci RNA, reverzni transkripci a
kvantifikaci a dale i biologické variability podminéné heterogenitou ve vzorcich (Peltier
et al. 2008). Pro normalizaci jsou ¢asto pouzivany endogenni kratké nekodujici RNA
molekuly, napt. U6 snRNA (Schwarzenbach et al. 2015), 18S a 5S ribozomalni RNA
(Lee et al. 2007), RNU48, RNU43, RNU44 snoRNA (Gee et al. 2011) nebo jind miRNA
(Szafranska et al. 2007; Wang et al. 2009). Jedna se o produkty tzv. ,referencnich
genl“, jejichz exprese je konstitutivni a mé byt ve tkanich konstantni, nezavisle od
probihajicich patologickych zmén. Pro identifikaci genovych produkti nejvhodnéjSich
pro normalizaci jsou k dispozici algoritmy geNorm (genorm.cmgg.be), NormFinder
(moma.dk/normfinder-software) a BestKeeper (gene-quantification.de). Jednim z cili
prvni studie bylo urceni optimdlniho postupu pro normalizaci metody RT-qPCR
hodnocenim stability vybranych endogennich kontrol v PDAC a v nenadorové tkéni
pankreatu pomoci algoritmu NormFinder.

Ve vétSing studii zaméfenych na urceni exprese miRNA v resekatech PDAC byla
jako endogenni kontrola pro normalizaci pouzZita snRNA U6 (Zhang et al. 2009;
Greither et al. 2010; Ma et al. 2013; Hong et al. 2014). Jedna se o nekddujici nukledrni
RNA, kterd je soucasti ,spliceosomu”, komplexu proteinti provadéjicich post-
transkripéni modifikaci nové syntetizované pre-mRNA odstranénim intronti (Didychuk
et al. 2018). Nevyhodou U6 je nekonstantni exprese v malignich nadorech, zjiSténa
napiiklad u karcinomu mocového méchyie a mlécné Zlazy (Peltier et al. 2008; Hansen
et al. 2007; Appaiah et al. 2011). Cholangiocelularni karcinom, nador s podobnou
morfologii jako PDAC, vykazoval vyraznéjsi expresi U6 v nddorovych bunkéach
v porovnéani s mezenchymalnim stromatem nebo v benignim vyvodovym epitelem (Lou
et al. 2015). Normalizace v archivovaném FFPE materialu prostfednictvim U6 muize byt
problematickd, mnozstvi U6 linearné klesd se stafim vzorku (Peskoe et al. 2017).
Hladina U6 je v télesnych tekutinach nekonstantni, coZ znemoziluje jeji pouZiti pro
normalizaci cirkulujicich miRNA (Qi et al. 2012). Na zéklad¢ naSich vysledkt vykazuje

exprese U6 az osmindsobné zvySeni v PDAC v porovnani s nenadorovou tkéani
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pankreatu. U6 byla druhou nejstabilngj$i kontrolou pro normalizaci dle NormFinder
algoritmu.

Krom¢ U6 se mohou pro normalizaci metody RT-qPCR uplatnit dalsi typy
nekddujicich RNA vlaken. Small Cajal body-specific RNA 18 neboli U91, pattici do
skupiny C/D box snoRNA, je lokalizovana ptedevsim v Cajalové télisku. Jeji funkce
neni pfesné¢ znama, pravdépodobné se podili na fizeni U4 snRNA ve spliceosomu
(Darzacq et al. 2002). Nase prace jako prvni studovala expresi U91 v nenadorové tkani
pankreatu a v PDAC. Dle algoritmu Normfinder byla U91 nejstabilnéjsi endogenni
kontrolou, lze ji tedy doporucdit jako endogenni normaliza¢ni kontrolu pro stanoveni
exprese miRNA v resekdtech PDAC metodou RT-qPCR. Nejstabiln€jSim parem pro
normalizaci byla kombinace U6+U91.

Dalsi rozsifenou normalizacni metodou je pouziti endogennich miRNA. Tato
normalizace se uplatiuje predev§im pii stanoveni cirkulujici miRNA, protoze jina
kratka nekodujici RNA vldkna jsou v extracelularnim prostiedi nestabilni (Freedman et
al. 2016). Pro normalizaci lze uplatnit jednu miRNA nebo zvolit panel. Nejvic
pouzivanou miRNA pro normalizaci byla miR-16 (Schwarzenbach et al. 2015). Nejedna
se zcela o idedlni moznost, jeji exprese se mize v nddorech ménit. V jedné studii byla
hladina cirkulujici miR-16 signifikantn¢ zvySena u pacientii s PDAC a tato miRNA byla
navrzena jako plasmaticky diagnosticky marker (Liu et al. 2012). Exprese miR-16 byla
v nasi préci v souboru PDAC znaéné variabilni. Podle algoritmu NormFinder byla miR-
16 nejméné stabilni ze sledovanych endogennich kontrol. Zjisténd nestabilita exprese
U6 a miR-16 v PDAC a v nenddorové tkani pankreatu miZe mit vliv na vysledky
ziskané metodou RT-qPCR pii pouZiti téchto molekul pro normalizaci.

Pfidani exogennich nukleotidi do vzorku izolované RNA, napt. cel-miR-39, cel-
miR-54 nebo cel-miR-238, ve znamych koncentracich (tzv. ,spike-in“ kontroly)
umoziuje normalizovat analytické stadium méteni (Schwarzenbach et al. 2015). Tento
postup vSak nelze pro wvariabilitu vzorkd spojenou s odbérem, zpracovanim a
skladovanim materidlu pro normalizaci pre-analytické faze uplatnit (Schwarzenbach et
al. 2015). Pfidani “spike” pted izolaci nukleovych kyselin mize zpiisobit nesrovnalosti;
pomér koncentrace izolované miRNA a cizorodé miRNA mitiZe byt v riznych vzorcich
variabilni. V nasi studii byly amplifika¢ni kiivky a CT hodnoty pro ,,spike* v nadorech
a v nenddorovych vzorcich z vySetfenych normalizacnich kontrol zna¢né blizké. Podle
algoritmu NormFinder se jako nejméné stabilni kontrola ukazal piekvapivé “spike”.

Diivodem pro “nestabilitu” této kontroly mize byt, Ze NormFinder dokaze urcit variaci
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pro celé skupiny zahrnujici kazdy pfipad nadoru a normalni tkané. Urceni rozdilti mezi

normalni tkani a nddorem u jednotlivych pacientti neni pomoci tohoto algoritmu mozné.

6.2 Normalizace RT-qPCR pro hodnoceni zmén exprese miRNA v PDAC

V pracich zaméfenych na hodnoceni profilu miRNA v PDAC pouzitim
mikroarraye a RT-qPCR byla zjisténa vyznamna intertumoralni heterogenita exprese, a
to v piipad¢ nekterych miRNA az s 10000 nasobnym rozdilem (Zhang et al. 2009).
V jednotlivych dosud uveiejnénych publikacich vykazovaly primérné zjisténé hodnoty
exprese miRNA znacnou variabilitu. Zjisténé rozdily mohou z¢€asti souviset i s pouzitim
normalizacni strategie. Dalsi ¢ast prvni prace byla zaméfena na urCeni optimalni
kontroly pro normalizaci stanoveni exprese vybranych miRNA v PDAC. Studovany
byly miRNA, které jsou zapojeny do procesu kancerogeneze PDAC: miR-21, miR-96,
miR-148a, miR-155, miR-196a a miR-217. Jako kontroly byly pro normalizaci metody
RT-qPCR zvoleny: “spike” (uméla miR-39 od C. elegans) a tfi endogenni nekodujici
RNA - U6 snRNA, miR-16 a snoRNA U91. V druh¢ studii byla hodnocena exprese
stejnych miRNA v tkanovych vzorcich PDAC v souboru 54 pacientii pomoci RT-qPCR
pii pouziti “spike” pro normalizaci metody. Panel vySetfenych miRNA (miR-21, miR-
96, miR-148a, miR-155, miR-196a a miR-217) byl doplnén o miR-210.

MiR-21 se vPDAC uplatiiuje jako onkogen, podporujici proliferaci,
metastazovani a chemorezistenci nddorovych bunék. Exprese miR-21 v PDAC byla
hodnocena ve vice studiich. Pti pouziti U6 pro normalizaci byl median exprese miR-21
v nadoru zvySen 2.2krat (Bloomston et al. 2007). Podobné i1 Zhang et al. (2009) a Hong
et al. (2014) popsali pfi pouziti stejné interni kontroly signifikantni zvySeni exprese
miR-21 v PDAC, v nékterych nadorech byla jeji hladina zvySena az 6888krat (Zhang et
al. 2009). V jiné studii duRieu et al. (2010) pozorovali pfi pouziti kombinace U6 a 5S
jako endogenni kontroly 20.1 nasobné zvySeni miR-21. Ve vzorcich krevni plazmy
pacientll s PDAC byla pfi pouziti miR-16 detegovana 2.42krat zvySena hladina miR-21
v porovnani se zdravymi kontrolami (Wang et al. 2009). V souladu s literarnimi udaji
byla i v nasi studii v nddorech prokazana zvySend exprese miR-21. Namétené vysledky
primérnd hodnota byla relativné¢ k U6 (5.5 nasobné zvySeni), nejvySsi primeérna
hodnota miR-21 byla zji§téna pfi normalizaci k U91 (17.71 nasobné zvySeni). Hladina

miR-21 byla ve vzorcich PDAC zahrnutych do druhé studie téZ signifikantné zvySena
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(pramérné 12.01krat, nejvyssi elevace v nadoru byla 72 ndsobnd).

Onkogenni miR-155 je klicovou soucasti regulace signalizacni drahy p53 a je
zvysen¢ exprimovana v PDAC. Zhang et al. (2009) pii normalizaci k U6 popsali az
52krat zvysenou expresi v jednotlivych nddorech; Ma et al. (2013) zm¢ftili 2.11 nésobné
zvySeni v jejich souboru pacientii s toutéz endogenni kontrolou. V séru pacientii s
PDAC bylo detegovano pii normalizaci s miR-16 3.74 nésobné zvyseni hladiny miR-
155 (Wang et al. 2009). V nasi studii byla téz prokdzana zvySena exprese miR-155
v resekatech PDAC. Pfi normalizaci k U6 byla hladina miR-155 v nadoru 5.05 nésobn¢
zvySena, nejvyssi exprese byla pfi normalizaci k “spike” (15.1 nasobné zvySeni).
V nasem souboru pacientli s PDAC v druhé studii byla téz prokdzana zvysena exprese
miR-155 (primérné€ 22.9krét, nejvyssi hodnota exprese byla 232 ndsobnd).

MiR-196a hraje v PDAC roli onkogenu, modulaci NFkB inhibitoru a ma
ptispivat k proliferaci a invazivit¢ nadorovych bunék. Exprese miR-196a je v PDAC
deregulovéana; Zhang et al. (2009) popsali v jednotlivych nadorech pfi normalizaci k U6
signifikantni intertumoralni variabilitu jeji hladiny. Wang et al. (2009) demonstrovali pfi
pouziti miR-16 jako endogenni kontrolu 16.0 nasobné zvySeni ve vzorcich krevni
plazmy pacientii s PDAC. V naSich ptipadech PDAC jsme zvyseni exprese miR-196a
neprokazali. Pfi normalizaci k U6 bylo zjisténo primérné 2.2 nasobné snizeni exprese
miR-196a. Naopak pifi normalizaci relativné k miR-16, U91, nebo k “spike” jsme
signifikantni rozdily exprese mezi tkdnémi PDAC a nenadorovou tkani pankreatu
nezaznamenali. V na$i skupiné 54 nemocnych s PDAC v druhé studii byla prokazana
vysokd intertumoralni variabilita v hladinach miR-196a, exprese byla v jednotlivych
ptipadech 15krat sniZzena az 25.9krat zvySend. Rozdily v expresi miR-196a mezi vzorky
PDAC a nenadorové kontroly ale nebyly statisticky vyznamné (p > 0.05).

Mir-210 hraje v PDAC roli onkogenu, uplatiiujici se pfi hypoxické odpovédi
nadorovych bunék. Exprese miR-210 byla v PDAC studovana v mensi mife, jeji elevace
byla prokézéana v resekatech pankreatu (Szafranska et al. 2007; Greither et al. 2010) a
v pankreatické $tavé (Wang et al. 2014). V nasi studii jsme prokazali signifikantni
zvyseni exprese miR-210 (primé&rné 15.68krat, nejvyssi hodnota 181krat) v PDAC.

MiR-96 mé v PDAC funkci tumor-supresoru, podili se na regulaci exprese
KRAS. Literarni Udaje tykajici se exprese miR-96 ve vzorcich PDAC jsou znacné
protichlidné. Analyza pomoci mikroarraye prokazala v naddorové tkani 1.77 nasobné
zvySeni miR-96 v porovnani s chronickou pankreatitidou (Bloomston et al. 2007). Pii

pouziti RT-qPCR bylo naopak zjisténo 4.35 nasobné snizeni v naddoru pfi normalizaci
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exprese k miR-24 (Szafranska et al. 2007). Hong et al. (2014) a Feng et al. (2014)
popsali v PDAC az osminasobné snizeni miR-96 pii normalizaci k U6. V nasi studii
jsme pozorovali vyznamny rozdil ve vysledcich exprese miR-96 ziskanych pii pouziti
riznych kontrol pro normalizaci metody. Pii pouziti U6, miR-16 a kombinace U6+U91
byla v nddorové tkani zjisténa snizend hladina miR-96 3.22krat, 2.32krat a 1.58krat. Pti
pouziti “spike” a U91 nebyla v nadorech v porovnani s normalni tkani pankreatu
prokdzana statisticky signifikantni zména exprese miR-96. V druhé studii jsme
prokazali vyznamny pokles hladiny miR-96 ve vzorcich PDAC, v porovnani
nasobné snizeni).

MiR-148a je v PDAC tumor-supresorem, inhibujicim proliferaci nddorovych
bunck a zamezujicim jejich epitelidlné-mezenchymalnimu pfechodu. Exprese miR-148a
je v PDAC snizena, pfi¢inou je hypermetylace promotorové oblasti kodujiciho genu
(Hanoun et al. 2010). Bloomston et al. (2007) a Jamieson et al. (2012) popsali pfi
pouziti mikroarraye pramérné, 5.5 ndsobné a 7.14 nasobné sniZeni exprese. Szafranska
et al. (2007) stanovili pomoci RT-qPCR, pfi normalizaci k miR-24, 6.15 nasobné
snizeni miR-148a. Normalizace relativné k U6 prokazala 2.5 ndsobnou a 2.86 nasobnou
down-regulaci v PDAC (Zhang et al. 2009; Ma et al. 2013). V nasi studii byla hladina
miR-148a v PDAC pii normalizaci k U6 a miR-162.04krat, resp. 1.33krat sniZena.
Exprese miR-148a hodnocena relativné k “spike”, k U91, nebo ke kombinaci U6+U91
nevykazala statisticky signifikantni rozdily mezi nddorem a normalni tkani pankreatu.
Nase druha studie neprokazala vyznamné sniZzeni v expresi miR-148a ve vysetfenych
ptipadech PDAC, v porovnani s nenddorovou tkani pankreatu (p > 0.05). Hladina miR-
148a ale byla sniZend ve vice ptipadech PDAC, az 55 nasobné relativné s kontrolou.

MiR-217 je dal§i tumor-supresor modulujici funkci signalizacni drahy
KRAS/Akt. SniZzena exprese miR-217 byla zjiSténa ve vice studiich PDAC. Szafranska
et al. (2007) popsali az desetinasobné relativni snizeni v nadorech, pii normalizaci k
miR-24. Hladina miR-217 byla v nadorech 2krat sniZena pii normalizaci k 18S
(Greither et al. 2010) a 3.91krat snizena pti normalizaci k U6 (Ma et al. 2013). Hong et
al. (2014) popsali pii pouziti U6 az 62.5 nasobné snizeni exprese miR-217 v PDAC.
V jedné praci nebyla v nadorovych buiikich PDAC izolovanych po mikrodisekci
detegovana exprese miR-217, jejim zdrojem v dalSich publikacich byly pravdépodobné
slozky nadorového mikroprostiedi (Munding et al. 2011). V souladu s literaturou byla

exprese miR-217 v naSem souboru PDAC signifikantné sniZena pii normalizaci s
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kazdou studovanou kontrolou. Nejvetsi snizeni (24.39krat) bylo relativné k U6 a
nejmensi (7.19krat) bylo pfi pouziti kombinace U6+U91. V naSich vzorcich PDAC
v druh¢ studii byla hladina miR-217 signifikantné¢ snizena. V patnacti vzorcich s
nadorem nebyla exprese miR-217 detegovéana.

Krom¢ zmén exprese jednotlivych miRNA jsme v druhé studii zjistili ve
vzorcich PDAC i vyznamnou pozitivni korelaci exprese tii oncomiRNA - miR-21, miR-
155 a miR-210. Tento nalez svédci pro jejich moznou kooperaci ve vzniku a v progresi
PDAC (Moriyama et al. 2009; Gironella et al. 2007; Ho et al. 2010). Pozitivni korelace
byla patrnd také mezi tumor-supresorovymi miR-148a a miR-217, kde u obou bylo
v nddorech zjisténo snizeni hladin. Tyto miRNA jsou zapojeny do regulace bunécné
proliferace (Feng et al. 2016; Zhao et al. 2010), jejich soubézna deaktivace mlze hrat
dalezitou roli v procesu kancerogeneze. Negativni korelace byla prokdzana mezi
snizenou expresi miR-96 a zvySenim miR-196a v nddorech. MiR-96 je inhibitorem
KRAS, snizujicim proliferaci nadorovych bunék (Yu et al. 2010; Feng et al. 2014); miR-
196a naopak podporuje proliferaci a migraci nddorovych bunék a omezuje apoptozu
(Liu et al. 2013; Huang et al. 2013). Down-regulace miR-96 spolu s up-regulaci miR-

196a muze byt vyznamnym krokem v postupujici kancerogenezi.

6.3 Vztah histologické stavby PDAC k expresi sledovanych miRNA

Nase druhd studie byla zaméfena i na ur¢eni vztahu exprese vybranych miRNA
k histologickym charakteristikim PDAC; tomuto tématu byla podle literarnich tdaji
dosud vénovana jen mald pozornost. Prokazali jsme vyznamnou korelaci zvySené
hladiny miR-148a a miR-217 s tubularnim uspofadanim nadoru. Hodnoty miR-148a
navic vykazovaly negativni korelaci s disociativnim ristem. ZjiSténa asociace zvySené
hladiny miR-155 svyS$§i mitotickou aktivitou bun€k PDAC miZe souviset
s predpokladanou roli této miRNA v modulaci bunécéného cyklu, v in vitro podminkach
byla zvySena hladina miR-155 spojena s vyss$i proliferacni aktivitou nddorovych bunék
a s inhibici apoptozy (Gironella et al. 2007). V jedné studii bylo zjiSténo zvyseni
hladiny miR-21 unizce diferencovanych pifipadi PDAC (Giovanetti et al. 2010),
porovnani exprese miR-21 s histologickou stavbou néadorti vSak nebylo v této préci
provedeno. V nasi praci vztah exprese studovanych miRNA ke stupni diferenciace

nadorl nebyl prokazan.
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6.4 Vztah exprese sledovanych miRNA Kk progresi nadoru a délce preziti

nemocnych s PDAC

vvvvvv

progrese nadoru v dobé diagndézy a ptitomnost uzlinovych, popfipadé¢ vzdalenych
metastdz. Kurabilni resekce nadoru v dobé diagnézy je mozna pouze u 10-15 %
nemocnych (Vincent et al. 2011). Ve stagingu pacientli s PDAC se uplatituje predevsim
pocitacova tomografie. Hlavnim kritériem resekability nadoru jsou nepiitomnost
prorustani do velkych cév splanchniku nebo metastaz do lymfatickych uzlin. Vztah
exprese miRNA v chirurgickych resekatech nebo v télesnych tekutinach od nemocnych
s PDAC k progresi nadoru byl dosud malo studovan. Bylo zjist¢éno, Ze s lokalni
nadorovou progresi a s pfitomnosti uzlinovych metastdz je spojena elevace miR-21,
miR-130b, miR-139b, miR-141, miR-146a, miR-155, miR-196a, miR-216a, miR-628 a
miR-720 (Jamieson et al. 2012; Zhou et al. 2016; Lemberger et al. 2019) a snizeni miR-
148a (Peng et al. 2017). Urceni vyznamu hladiny miRNA v progresi PDAC ale neni v
literatuie jednoznacné, naptiklad Schultz et al. (2012) v souboru 170 ptipadi PDAC
vztah zmén exprese miRNA k pokrocCilosti nadori neprokazali. Ani nase hodnoceni
neodhalilo statisticky signifikantni vztah exprese vybranych miRNA k velikosti nadort,
k pfitomnosti perineurdlni propagace, vaskularni invaze nebo metastdz do lymfatickych
uzlin.

Navzdory vyznamnym pokrokiim v protinadorové terapii nedoslo ke zlepSeni
preziti pacientli s PDAC. V pisemnictvi se stale zvySuje pocet praci zaméfenych na
moznosti pouziti novych biomarkerti, véetné miRNA, pro predikci délky preziti
pacientt s adenokarcinomem pankreatu. Dosud byl identifikovan vétsi pocet miRNA, u
kterych byl zjistén vztah jejich hladiny k prognoze pacientli (Wald et al. 2017). VéEtSina
praci hodnoticich vliv zmén exprese miRNA na délku pteziti byla provedena
retrospektivné, s malym poctem pacientli. Soucasti nasi prace bylo zjistit, zda existuje
vztah exprese vybranych miRNA k délce pteziti nemocnych s PDAC.

Nejvice prozkoumanym prognostickym markerem u malignich nadort ze
skupiny miRNA je onkogenni miR-21. Byla prokazéana korelace zvySené hladiny této
miRNA s krat§im ptezitim nemocnych s malignim melanomem, gliomem, karcinomem
mlécné Zlazy, tlustého stifeva, plic, zaludku, jater a ledvin (Zhu et al. 2014).
Prognosticky vyznam exprese miR-21 v resekatech PDAC byl pfedmétem vice studii

(Dillhoff et al. 2008; Giovannetti et al. 2010; Hwang et al. 2010; Jamieson et al. 2012;
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Nagao et al. 2012; Kadera et al. 2013; Papaconstantinou et al. 2013, Dhayat et al. 2015)
a meta-analyz (Zhu et al. 2014; Frampton et al. 2015; Negoi et al. 2017); v souboru
2000 nemocnych s PDAC byl zjistén signifikantni vztah zvySené exprese miR-21 ke
zkraceni OS a PFS. V literatute vSak neni tiplna shoda ohledné¢ prognostického vyznamu
miR-21. Schultz et al. (2012), Ali et al. (2015) a Calatayud et al. (2017) neprokazali
statisticky vyznamnou vazbu exprese miR-21 na délku pfeziti v souboru 225, 37 a 165
pacient. Hladina miR-21 korelovala s kratSim PFS u pacientl s inoperabilnim nddorem
léCenym chemoterapii gemcitabinem a kapecitabinem, pfi¢emz nebyla prokazatelna
asociace hladin miR-21 s délkou OS (Khan et al. 2016). V riznych studiich jsou i
rozdilnd pozorovani tykajici se typu buné€k, ve kterych ma exprese miR-21 prognosticky
vyznam. Kadera et al. (2013) lokalizovali zvySenou expresi miR-21 v nadorem
asociovanych fibroblastech, tento nalez koreloval s ptitomnosti metastaz v lymfatickych
uzlinach a se zkracenim OS, pfitom troven exprese miR-21 v nadorovych bunkéch byla
v této studii prognosticky nevyznamna. Naopak signifikantné zvySend exprese miR-21,
detegovana v nddorovych bunkach izolovanych mikrodisekei, korelovala v jiné praci s
vyznamnym zkracenim OS (Giovanetti et al. 2010). Prognosticky vyznam hladin miR-
21 v periferni krvi byl zkoumédn v mensim rozsahu. Analyza krevni plazmy pii pouziti
mikroarraye identifikovala deregulaci celkem 91 miRNA, pficemz elevace hladin miR-
21 korelovala s krat§Sim OS (Al et al. 2010). Vztah zvySené hladiny cirkulujici miR-21
se zkracenim pieZiti pacienti s PDAC byl potvrzen v dalSich studiich, v souborech
obsahujicich 17, 25, 77 a 177 pacienti (Khan et al. 2016; Karasek et al. 2018; Liu et al.
2012; Wang et al. 2013).

Zvysend exprese miR-155 je prognosticky vyznamna u nékolika malignich
nadort, naptiklad karcinomu plic, mlé¢né zlazy a karcinomu hepatoceluldrniho (Xu et
al. 2013; Mattiske et al. 2012; Ning et al. 2019). V jedné studii pfedstavovala onkogenni
miR-155, spolu s miR-21 nezavisly prediktivni faktor pro délku OS pacienti s PDAC
(Papaconstantinou et al. 2013). Souvislost zvySené exprese této miRNA s kratsi délkou
pteziti u PDAC byla potvrzena i v dalsi studii (Greither et al. 2010). Ma et al. (2013) a
Calatayud et al. (2017) popsali zvySenou expresi miR-155 v PDAC, ovSem bez
statisticky vyznamného ovlivnéni OS pacientt.

Zvysena exprese onkogenni miR-196a mé prognosticky vyznam u vice malignit,
napt. u karcinomu zaludku, tlustého stieva a mlécné zlazy (Yang et al. 2017; Lu et al.
2016; Milevskij et al. 2019). MiR-196a piedstavuje u PDAC jednou z prvnich miRNA,

kde byl zjistén vztah k délce preziti pacientii. ZvySena exprese miR-196a spolu s elevaci
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miR-219 v resekovanych PDAC byla spojena se zkracenim OS pacientli (Bloomston et
al. 2007). ZvySena hladina miR-196a v krevni plazmé pacientd korelovala s kratsi
délkou preziti (Kong et al. 2010; Yu et al. 2017).

Onkogenni miR-210 je v malignich nadorech Siroce prozkoumana, jeji zvysena
exprese korelovala s hor$i prognézou nemocnych s karcinomem ledvin, tlustého stfeva
a plic (Samaan et al. 2014; Qu et al. 2014; Osugi et al. 2015). ZvySena exprese miR-210
v resekatech PDAC byla asociovana s kratSi délkou preziti operovanych nemocnych
(Greither et al. 2010). Naproti tomu studie zaméiena na vztah hladiny miR-210 ve
vzorcich plazmy k pfeziti pacienti s PDAC ukdzala, ze jeji snizena hladina souvisi
s hor$i prognézou nemocnych (Yu et al. 2017).

MiR-96 se u PDAC uplatiiuje jako tumor-supresor. Byla prokdzana souvislost
jeji sniZzené exprese se zkracenim OS (Li et al. 2014). V jinych malignich nadorech
muze miR-96 plsobit jako onkogen, pfi¢emz jeji zvySena hladina ve tkénich a v plazmé
byla u hepatocelularniho a kolorektdlniho karcinomu asociovana s hor$i prognézou
(Ning et al. 2019; Gao et al. 2018).

Snizeni exprese miR-148a ma prognosticky vyznam u vice nadorli, vcetné
karcinomu mocového méchyie, tlustého stieva a karcinomu ovarialniho (Ma et al. 2016;
Takahashi et al. 2012; Gong et al. 2016). Vztah snizené hladiny miR-148a k délce
pteziti pacientll s PDAC byl dosud malo studovan; korelace jeji -3p formy (miR-148%)
s prezitim byla dosud identifikovana jen v jedné préci. VySetfenim resekati PDAC od
celkem 225 pacientii byl pro predikci délky OS navrzen panel miR-212, miR-675, miR-
148a*, miR-187 a let-7g*; pfiCemz sniZzeni miR-148a* bylo nezavislym prognostickym
ukazatelem pro krat$i délku pteziti (Schultz et al. 2012).

Snizené exprese miR-217 se ukdzala jako prediktor krat§iho OS u vice malignich
nadort, véetné karcinomu jater, plic, Zaludku a ledviny (Tian et al. 2017; Satipathi et al.
2017; Chen et al. 2015; Li et al. 2013). U PDAC vSak nebyl neprokdzéan vztah exprese
miR-217 k délce OS a PFS nemocnych (Ma et al. 2013; Vychytilova-Faltejskova et al.
2015).

Katalogizace ,,raw data“ ziskanych sekvenaci genomu velkého poctu nadord,
vcetné PDAC, umoznila vznik databdze The Cancer Genome Atlas (TCGA) (Tomczak
et al. 2015). Vice studii se zabyvalo analyzou dat z miRNA sekvenace pankreatickych
nadorid obsazenych v databdzi TCGA, s cilem identifikovat miRNA predikujicich délku
OS pacienti (Zhou et al. 2016; Liang et al. 2018; Shi et al. 2018; You et al. 2019).

SloZeni panelti se zna¢né liSilo mezi jednotlivymi publikacemi. MiR-21 byla uvedena
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jako prognosticky vyznamna pouze v jedné z publikaci (Zhou et al. 2016). Exprese
miR-196a byla v dalsi studii signifikantni pro predikci délky OS v univariantni analyze
regrese, tato miRNA nebyla vyznamna pro predikci délky OS v multivariantni analyze
pii kombinaci s dalSimi miRNA (Shi et al. 2018). Zjisténé rozdily v prognosticky
vyznamnych miRNA mohou souviset s odlisSnou strukturou studii a rozdilnou analyzou
dat. V nasem vysetfeni skupiny 160 resekovanych PDAC z databazy TCGA nesouvisela
exprese zadné ze studovanych miRNA se zkracenou délkou OS pacient. Vypovidajici
hodnota kohorty TCGA pro predikci prognozy pacientli s PDAC je limitovana kratkou
dobou sledovani po resekci a inkluzi jinych nadort nez konvencni PDAC (Nicolle et al.
2019).

V nasi praci jsme vztah zmén exprese nami sledovanych miRNA (miR-21, miR-
96, miR-148a, miR-155, miR-196, miR-210 a miR-217) k délce OS a PFS pacientt
s PDAC neprokazali.
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7 ZAVER

Moznosti praktického vyuziti detekce miRNA v nadorové tkani a v télesnych
tekutinach pro Casnou diagnézu PDAC a pro stanoveni prognoézy nemocnych jsou
v soucasné dobé intenzivné diskutovany. MiRNA, kratké nekodujici RNA molekuly
uplatiiujici se v post-transkripcni regulaci genové exprese, hraji vyznamnou roli

v kancerogenezi a progresi nadort.

Predlozena disertacni prace byla zaméfena na urCeni optimalni endogenni
kontroly pro normalizaci exprese ve tkanich PDAC a na uplatnéni prognostického

vyznamu vybranych miRNA u nemocnych s PDAC. K hlavnim vysledkiim prace patfi:

1) Byla prokazéna odlisna hladina U6, U91 miR-16 a cel-miR-39 ve vzorcich resekatl
PDAC a v nenadorové tkani pankreatu. Endogenni vnitini kontroly U6, U91 a miR-16
vykazovaly vyznamnou intertumoralni variabilitu. Jako nejstabilnéjsi endogenni
kontrola pro normalizaci pfi stanoveni exprese miRNA ve tkani PDAC pomoci RT-

gPCR se podle algoritmu NormFinder ukézala U91.

2) Namétené hodnoty exprese miR-21, miR-96, miR-148a, miR-155, miR-196a a miR-
217 vnadorové tkani se signifikantné 1i8§i v zavislosti na zvolené kontrole. Tato
okolnost mliZze zna¢né limitovat porovnatelnost vysledki mezi studiemi pouZivajicimi

odlisné strategie normalizace pro kvantifikaci exprese miRNA v PDAC.

3) V souboru 54 nemocnych s PDAC byly prokazany rozdily v expresi miR-21, miR-
96, miR-155, miR-210 a miR-217 ve vzorcich zresekati nadoru, v porovnani

s nenadorovou tkani pankreatu.

4) Byl prokazan vztah zvysené exprese miR-148a a miR-217 k tubuldrnimu usporadani
nadoru. Snizend exprese miR-148a souvisela s disociativnim ristem v PDAC.
Elevovana exprese miR-155 korelovala se zvySenou mitotickou aktivitou nadorovych

bunék.

5) Nebyla prokazana souvislost zménéné exprese vybranych miRNA s pokrocilosti
nadoru, stupném diferenciace, ptitomnosti uzlinovych metastdz, perineurdlni propagace
a lymfovaskularni invaze. Exprese vybranych miRNA nesouvisela s celkovou délkou

preziti pacienti s PDAC, ani s délkou pfeziti do progrese nadoru.
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8 ABSTRAKT

Duktalni adenokarcinom (PDAC) je nej¢astéjSim primarnim nddorem pankreatu.
Jeho nepfizniva progndza je dana mimo jiné i tim, ze je Casto diagnostikovan az
v inoperabilnim pozdnim stadiu a navic vykazuje vysokou chemorezistenci. Pro
moznost ¢asngjsi diagnozy PDAC a tim zlepSeni prognézy nemocnych jsou hledany
nové¢ biomarkery, mezi které patii mimo jiné i microRNA (miRNA), kratké nekodujici
RNA molekuly, zapojené do post-transkripéni regulace genové exprese.

Na rozdil od jinych RNA jsou molekuly miRNA v biologickych vzorcich
stabilni. Jejich expresi je mozné stanovit prostfednictvim vice analytickych metod,
naptiklad kvantitativni real-time PCR (RT-qPCR). Pro normalizaci metod pozivanych
pro zjisténi hladiny miRNA je nutné pouzit vhodné endogenni kontroly. Variabilni
exprese endogennich kontrol vSak muize znamenat urcitou nejistotu pii kvantifikaci
exprese miRNA. Cilem prvni prace byly analyza exprese Sesti miRNA, izolovanych
z parafinovych blokii (FFPE) biopticky vysetfenych PDAC a ur¢eni optimalni vnitini
kontroly. Pfi normalizaci vysledkit RT-qPCR byly hodnoceny ctyfi interni kontroly:
arteficialni spike miR-39 od C. elegans, U6 snRNA, miR-16 a snoRNA U91. Hodnoty
exprese vSech sledovanych miRNA byly v nddorech signifikantné odlisné v zavislosti
na zvolené vnitini kontrole. Mimo to vykazovala stabilita pouZzitych vnitinich kontrol u
jednotlivych nadort signifikantni rozdily. Jako nejstabilné;si endogenni kontrola, kterou
lze doporucit pro endogenni normalizaci exprese miRNA v tkédnich PDAC pro
normalizaci, se pomoci algoritmu NormFinder ukdzala U91.

Moznost pouziti miRNA jako diagnostického nebo prognostického markeru
malignich nadorti byla pfedmétem vice publikaci. Cilem druhé prace bylo stanoveni
exprese sedmi vybranych miRNA, izolovanych z formalinem fixovanych parafinovych
blokt (FFPE) od 54 pacientii s PDAC. Nasledné byl hodnocen vztah exprese téchto
miRNA k histologickému uspofaddni a pokrocilosti nadoru, celkové délce pieziti
nemocnych (OS) a délce pteziti do progrese nemoci (PFS). Ve vySetfenych nadorech
byla zjiSténa zvySena exprese miR-21, miR-155 a miR-210, v porovnani s nenddorovou
tkani pankreatu. Naopak hladiny miR-96 a miR-217 byly u PDAC signifikantné
snizené. Patrna byla pozitivni korelace hladin miR-210 s vé€kem pacienta (p=0.35).
Exprese vSech sledovanych miRNA nevykazovala korelaci se sledovanym parametry
nadoru — stupném diferenciace, rozsahu lokalni progrese, ani s metastatickym

postizenim lymfatickych uzlin, perineuralni invazi, vaskularni invazi a délkou pteziti
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pacientd. ZvySené hladiny miR-148a a miR-217 vykazovaly signifikantni korelaci s
tubuldrnim uspotfadanim nédoru; snizena exprese miR-148a souvisela s disociativnim
uspotadanim nadoru. Zvysena exprese miR-155 meéla vztah k vyssi mitotické aktivité
nadorovych bun¢k.

V piedlozené praci je demonstrovan vyznam spravné volby vnitini kontroly pro
normalizaci vysledki RT-qPCR pfi stanoveni exprese miRNA. Byla potvrzena odliSna
exprese miRNA v PDAC v porovnani s nenddorovou tkani pankreatu. Byla prokdzéana
signifikantni asociace histologického uspoiadani nadoru a mitotické aktivity s expresi
nékterych miRNA. Korelace mezi urovni exprese sledovanych miRNA, progresi nadoru

a délkou preziti nemocnych nebyla prokazana.
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ABSTRACT

Ductal adenocarcinoma (PDAC) is the most common primary pancreatic
neoplasm. It’s frequently diagnosed in late inoperable stage and has high resistance to
chemotherapy; this situation contributes to its unfavourable prognosis. Therefore, there
is a need for biomarkers enabling early detection of PDACs and by this way to improve
patient prognosis. MicroRNAs (miRNA), short non-coding RNA molecules involved in
post-transcriptional regulation of gene expression, belong to such markers.

Contrary to other RNA molecules, miRNAs are stable in biological samples.
Their expression is measured by several analytical methods, including real-time
quantitative PCR (RT-qPCR). Normalization of methods determining miRNA levels
requires adequate endogenous controls. However, variable expression of endogenous
controls in tumors may cause bias in determining miRNA levels. The aim of the first
study was to investigate the expression of six miRNAs isolated from formalin fixed
paraffin embedded (FFPE) samples of PDACs. Four controls were chosen for RT-qPCR
result normalization: artificial spike miR-39 from C. elegans, U6 snRNA, miR-16 and
snoRNA U91. Expression values of all studied miRNAs in tumors were significantly
different depending on selected endogenous controls. Additionally, stability of the
controls varied significantly in individual tumors, U91 was determined to be the most
stable according to the NormFinder algorithm. Thus, U91 can be recommended as
endogenous control for miRNA expression in PDAC tissues.

The possibility to utilize miRNAs as diagnostic and prognostic biomarkers in
malignancies has been the subject of multiple publications. The aim of the second study
was to investigate the expression of seven selected miRNAs isolated from FFPE
samples of 54 PDAC patients. The relationship of miRNA expression levels with tumor
histology, clinico-pathological characteristics, patient overall survival (OS) and
progression-free survival (PFS) was subsequently evaluated. Overexpression of miR-21,
miR-155 and miR-210 was observed in PDACs, in comparison with non-neoplastic
pancreatic tissue. On the contrary, miR-96 and miR-217 were significantly
downregulated in PDACs. Positive correlation of miR-210 levels was observed with
patient age (p=0.35). Expression levels of all selected miRNAs failed to demonstrate
significant correlation with tumor parameters — grade, degree of local progression,
lymph node involvement, perineural invasion, vascular invasion and length of patient

survival. Additionally, elevated levels of miR-148a and miR-217 have shown positive
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correlation with tubular arrangement of tumors; decreased miR-148a expression was
associated with dissociative tumor growth. Elevated miR-155 levels were linked to high
mitotic activity in cancer cells.

This work demonstrated significance of the choice of endogenous controls for
normalization of RT-qPCR results during miRNA expression analysis. The results have
confirmed abnormal miRNAs expression in PDACs in comparison with adjacent non-
neoplastic tissue. Significant association was detected between histological structure,
mitotic activity and miRNA expression in tumors. Finally, no correlation of miRNA

levels with tumor progression and length of patient survival could be demonstrated.
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Abstract

when determining miRNA levels.

miR-16 and snoRNA U91.

and standard deviation in cancer tissues.

ductal adenocarcinoma

Background: RT-gPCR quantification of miRNAs expression may play an essential role in pancreatic ductal
adenocarcinoma (PDAC) diagnostics. RT-gPCR-based experiments require endogenous controls for the result
normalization and reliability. However, expression instability of reference genes in tumors may introduce bias

Methods: We investigated expression of 6 miRNAs, isolated from FFPE samples of pancreatic adenocarcinomas. Four
internal controls were utilized for RT-gPCR result normalization: artificial miR-39 from C. elegans, U6 snRNA,

Results: We found miR-21, miR-155 or miR-217 expression values in tumors may differ up to several times,
depending on selected internal controls. Moreover, different internal controls can produce controversial results
for miR-96, miR-148a or miR-196a quantification. Also, expression of our endogenous controls varied significantly in
tumors. U6 demonstrated variation from —1.03 to 8.12-fold, miR-16 from —2.94 up to 7.38-fold and the U91
from —3.05 to 4.36-fold respectively. On the other hand, the most stable gene, determined by NormFinder
algorithm, was U91. Each miRNA normalized relatively to the spike or U91, demonstrated similar expression
values. Thus, statistically significant and insignificant differences between tumors and normal tissues for miRNAs were
equal for the spike and the U91. Also, the differences between the spike and U91 were statistically insignificant
for all of miRs except miR-217. Among three endogenous controls, U91 had the lowest average expression values

Conclusions: We recommend U971 as a new normalizer for miRNA quantification in PDACs.

Keywords: miRNA, Pancreatic cancer, Internal control, RT-gPCR (reverse transcription quantitative PCR), Pancreatic

Background

Pancreatic ductal adenocarcinoma (PDAC) is the most
common and the most aggressive primary pancreatic
neoplasm. The majority of patients are diagnosed by the
time the tumor had already invaded peripancreatic
structures or has metastasized [1]. Therefore, there is a
need for biomarkers enabling early detection of asymp-
tomatic PDACs. miRNAs are stable in tissues and blood
plasma [2]; consequently they are ideal molecules to be
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Department of Pathology, Third Faculty of Medicine, Charles University in
Prague and University Hospital Kralovske Vinohrady, Srobarova 50, 100 00,
Prague 10, Czech Republic

( BioMed Central

utilized as biomarkers. miRNAs are involved in onco-
genesis, apoptosis and cell growth; thereby functioning
as tumor suppressors or oncogenes [3-6]. A large num-
ber of miRNAs are proven to be overexpressed in pan-
creatic cancer [7—11]. On the other hand, the expression
of miRNA-coding genes, which act as tumor suppressors,
could be inhibited in cancer cells [12-16]. Alterations in
the miRNAs expression profile of cancer in comparison
with normal tissues could be used in pancreatic cancer
diagnostics. The high sensitivity of reverse transcription
quantitative PCR (RT-qPCR) has made it a popular
method in the measurement of tumor miRNA expression.
RT-qPCR-based experiments require endogenous controls

© 2015 Popov et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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for result normalization, reliability and reproducibility.
The endogenous control helps to correct differences be-
tween sample quality and variations during RNA extrac-
tion or reverse transcription procedures. Housekeeping
genes, ribosomal, small nuclear or nucleolar RNAs can
play the role of such internal controls. However, according
to experimental data, expression levels of these genes may
differ in neoplastic and normal tissues [17-19]. These var-
iations may introduce bias to experiment results.

In this study we compared the expression of se-
lected miRNAs in samples from pancreatic cancer
and normal pancreatic parenchyma and evaluated the
influence of different internal controls on the expres-
sion data alterations.

Methods

Patients and tissue specimens

FFPE blocks of pancreatic ductal adenocarcinomas were
retrieved from the archive of the Department of
Pathology of the 3" Faculty of Medicine of the Charles
University and University Hospital Kralovske Vinohrady
in Prague. The samples were collected from 24 patients,
who had undergone pancreatoduodenectomy, distal pan-
createctomy or total pancreatectomy between 2007 and
2012. Participants signed a written informed consent
before the study. The study was performed according to
the Declaration of Helsinki and approved by the Ethics
Committee of the Third Faculty of Medicine (Charles
University in Prague, Czech Republic). The resolution
1006/2012 was signed by Dr. Marek Vacha, Ph.D, Head
of the Ethics Committee.

In the selected FFPE blocks the tumor occupied the
majority of the slide. As negative control, FFPE blocks
containing normal pancreatic tissue of the respective pa-
tients were selected.

Clinicopathological features

The age of patients with resected pancreatic adenocar-
cinoma ranged from 36 to 83 years, with a median of
65.5 years. In total, 11 patients were women and 13 pa-
tients were men. Genetic syndromes were described in
none of the patients. Grossly, 18 tumors were located in
the head of the pancreas, 1 in the body of the pancreas
and 5 in the tail of the pancreas.

The tumors showed in all of the selected cases the fea-
tures of conventional ductal pancreatic adenocarcinoma.
According to the guidelines of the WHO Classification
of Tumors of the Gastrointestinal Tract, 3" and 4" edi-
tion, 1 tumor was well differentiated, 14 tumors were
moderately differentiated and 9 tumors were poorly dif-
ferentiated. In one patient, a synchronous mucinous
cystic neoplasm (MCN) was identified in the cauda of
the pancreas. In another patient the tumor originated
from an MCN. In 3 patients the resected tumor was
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described as pT1, in 5 patients pT2, in 15 patients pT3
and in one patient pT4. Additionally, lymph node metas-
tases were confirmed in the resected specimens of 18
patients.

RNA isolation and reverse transcription

One to three 6 pm thick unstained paraffin embedded
tissue sections were procured for RNA extraction, using
the miRNeasy FFPE kit (Qiagen), following the manufac-
turer’s instructions. Two microliters of isolated RNA
were used for RNA quantity and purity analysis. Optical
density at 260 and 280 nm was measured with a multi-
detection microplate reader Synergy HT (BioTek), in-
cluding Take3 micro-volume plate. RNA integrity was
assessed with denaturing agarose gel electrophoresis and
GeneTools 3.08 software (SynGene).

A mix of 10 stem-loop primers was used for miRNA re-
verse transcription. Stem-loop primers were selected for
the analysis, because their structure reduces annealing of
the primer to pre- and pri-miRNAs, therefore increasing
the specificity of the assay. Primers were designed with
miRNA primer designer software, kindly provided by Dr.
Fuliang Xie, East Carolina University. The stem-loop pri-
mer sequences for the internal controls, including the
alien spike (miR-39 from C. elegans), and the examined
pancreatic miRNAs are listed in Tables 1 and 2. The spike
RNA was added to the reaction mix directly before the re-
verse transcription. Alien spike can't be used as a
normalizer for differences between samples during the
RNA isolation, because tissue sections may contain differ-
ent amounts of tissue. Therefore, the addition of spike be-
fore RNA isolation may introduce bias, because a ratio
between amount of the RNA and the alien spike concen-
tration may vary from sample to sample.

Reverse transcription was carried out, using RevertAid
Reverse Transcriptase (Thermo Scientific), in a 50 pl re-
action mixture, containing the following reagents: 1 pg
of DNA-free RNA, reaction buffer [50 mM Tris—HCI
(pH 8.3 at 25 °C), 50 mM KCl, 4 mM MgCl, and 50 mM
DTT]; 1 mM of dATP, dTTP, dCTP, dGTP; 20 IU rRNasin
ribonuclease inhibitor; 100 IU of moloney murine
leukemia virus reverse transcriptase (M-MuLV RT) and
the primer mix, including 20 pmol of each stem-loop

Table 1 Stem-loop primers for the internal controls

Control name Stem-loop primer sequence

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACTATTAC

uUs GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACAAAAATATGG

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACCGGCCT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACCGCCAA

mir-39 C. elegance

U91 snoRNA

miR-16
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Table 2 Stem-loop primers for the miRNAs

miRNA name Stem-loop primer sequence

mir-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACTCAACA

miR-96 GTCGTATCCAGTGCAGGGTCCGAGGTATICGCACTGGAT
ACGACAGCAAAAATGTG

miR-148a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACAGTCGGAG

miR-155 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACACCCCTATCACG

miR-196a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACCCCAACAACATG

miR-217 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACTCCAATCAGTTC

primer. Artificial spike RNA (miR-39 from C. elegans,
5x10® copies) was also added to the reaction as in-
ternal control. After initial denaturation (5 min at 70 °C,
then cooling samples on ice), the reactions were incubated
at 25 °C (10 min), and then at 42 °C for 1 h. To stop the
reaction, the mixture was heated at 70 °C for 10 min.

Real-time qPCR
c¢DNA samples were amplified in duplicates, using the
Applied Biosystems 7500 Fast real-time PCR system and
Hot FirePol EvaGreen qPCR Mix Plus (Solis BioDyne). The
reaction mix included 10 pmol of each primer (miRNA
specific and the universal (Table 3)) and 2 pl of cDNA.
Amplification of the cDNAs was performed at the fol-
lowing thermal conditions: denaturation at 94 °C for
15 min, followed by 40 cycles consisting of denaturation
at 94 °C for 15 s, annealing at 48 °C for 60 s and DNA
synthesis at 72 °C for 40 s. Reaction product specificity
was controlled with their respective melting curves.

Statistical analysis
The expression of miRNAs in neoplastic and normal tis-
sues was compared utilizing a paired two-tailed Student’s

Table 3 Real-time qPCR primers

Primer name Primer sequence

Universal primer ATCCAGTGCAGGGTCCGAGG
mir-39 C. elegance GCGGCGGAGCTGATITCGTCTTG
V) GCGGCGGLCGCAAGGATGACACG
91 snoRNA GCGGCGGTGGCCGATGATGACG
miR-16 GCGGCGGTAGCAGCACGTAAAT
mir-21 GCGGCGGTAGCTTATCAGACTG
miR-96 GCGGCGGTTTGGCACTAGCAC
miR-148a GCGGLGGAAAGTTCTGAGACACTCC
miR-155 GCGGCGGTTAATGCTAATCGTG
miR-196a GCGGCGGTAGGTAGTTTCATGTTG
miR-217 GCGGCGGTACTGCATCAGGAAC
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¢ test as well as a one-way ANOVA analysis. P-values
below 0.05 were regarded as statistically significant. RT-
gqPCR data (threshold cycles) were linearized, and the
NormFinder algorithm was used to calculate the most
stable gene among the internal controls.

Results
Evaluation of miRNA expression levels in PDAC samples
We investigated the expression of 6 miRNAs isolated
from FFPE samples of pancreatic adenocarcinomas
from 24 patients. The following microRNAs were
selected: miR-21, which promotes cell proliferation
and may accelerate tumorigenesis [8, 9, 20]; miR-155,
which interacts with TP53 INPl and transforming
growth factor B (TGF-B) [11, 21, 22]; miR-96 and
miR-217, which may act as a tumor suppressors, inhibit-
ing the KRAS-signaling pathway [13, 14] also miR-148a
and miR-196a, which are frequently included in experi-
mental panels for pancreatic carcinoma diagnosis [23-29].
Four internal controls were utilized for qRT-PCR re-
sult normalization: an alien spike (artificial miR-39 from
C. elegans) and three endogenous controls — U6 snRNA,
miR-16 and snoRNA U91. miRNA expression values
were normalized relative to each of these controls, and
significant variations for the same miRNAs were found
(Fig. 1, Table 4). In comparison with normal pancreatic
tissue, miR-21 was significantly overexpressed, up to
14.56-fold (p < 0.01) in the case of the alien spike. How-
ever, for other internal controls, fold change values were
shifted to 5.44 for U6 (p < 0.01), 7.03 for miR-16 (p < 0.01)
and 17.71 for U91 (p <0.01), respectively (Table 4, Fig. 1).
The miR-155 also demonstrated increased expression levels
with great variations between internal controls: 15.1-fold
for the spike (p < 0.01); 5.05-fold for U6 (p < 0.01); 6.39-fold
for miR-16 (p<0.01) and 13.36-fold for U91 (p<0.01).
miRNA miR-96 in pancreatic carcinoma did not show sig-
nificant differences in comparison with normal tissues,
when normalizing to the alien spike (-1.04-fold, p > 0.05),
as well as to U91 (-1.17-fold, p > 0.05). But, this miRNA
was significantly down-regulated, when the expression was
measured relative to U6 (-3.22-fold, p <0.01) or miR-16
(-2.32-fold, p <0.01). Also, no significant differences were
found for miR-148a, normalized to spike (1.25 fold,
p>0.05) and U91 (1.06, p>0.05). But, this miRNA
was significantly inhibited for U6 (-1.33 fold, p < 0.01)
and miR-16 (-2.04 fold, p <0.01). Expression of miR-
196a was slightly up-regulated relatively the alien
spike (1.09-fold) and U91 (1.13-fold), without the results
being statistically significant (p > 0.05). On the other hand,
miR-196a was significantly down-regulated for U6 (-2.22-
fold, p < 0.01), as well as not statistically significant for the
miR-16 (-1.35, p>0.05). The expression of miR-217 was
significantly lower in all PDACs than in normal pancreatic
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Fig. 1 Average expression of six miRNAs in pancreatic cancers. Four different internal controls and one combination of two of them (U6 + U91)

were used for the results normalization. Data are presented as mean + standard deviation (SD). Statistically significant differences (Student’s t-test,
p < 005) between tumors and normal tissues are labeled with asterisk. MicroRNA expression values depend on the selected internal control and
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tissues for all the examined internal controls (p <0.01)
(Table 4, Fig. 1).

NormFinder algorithm was used to calculate the most
stable pairing of internal controls. According to our re-
sults, the best combination was U6 and U91 (stability
value =0036; Table 5) for the miRNAs expression
evaluation. Normalized to this most stable pair, miRNAs
miR-21 and miR-155 demonstrated significant upregula-
tion (9.67-fold and 8.79-fold, p < 0.01). Activity of miR-96,
miR-196a and miR-217 was significantly inhibited (-1.85-

fold, -1.34-fold and -7.19-fold, p <0.01). The miR-148a
expression also was down-regulated, but the decrease was
not statistically significant (-1.27-fold, p > 0.05).

Determination of the best normalizers for the miRNAs
expression measuring

To find the best normalizer, we compared miRNA ex-
pression levels, normalized relatively the artificial spike
and other endogenous controls, including the combin-
ation of U6+ U91, with one-way ANOVA analysis for

Table 4 Average miRNAs fold change values in pancreatic cancers in comparison with normal tissues

miRNAs Internal controls
Spike ue miR-16 us U6+ U9

miR-21 14.56 + 6.468; p < 0.01 544+ 273, p<0.01 703+3614; p<0.01 17.71+£11.922; p < 0.01 9.67 + 6.287, p < 0.01
miR-96 -1.04 £ 0668; p > 0.05 -3.22+1.766; p < 0.01 ~232+1.376,p<0.01 -1.17 £0.831; p > 0.05 ~1.85+1.134; p<0.01
miR-148a 1.25+0429; p > 0.05 -2.04+092; p<0.01 -1.33+£0.782; p<0.05 1.06 + 0.549; p > 0.05 -1.27 £0.594; p > 005
miR-155 15.1+8.786, p < 0.01 5.05+2992; p<0.01 63943312, p<0.01 1336 £9.477, p<0.01 879+ 5675 p<0.01
miR-196a 1.09 £0.306; p > 0.05 -222+109; p<0.01 —1.35+0.905; p >0.05 1.13+0676; p > 005 -1.34+0.726; p<0.05
miR-217 -869+49% p<0.01 —24,39+13.616; p < 0.01 -1639+9.71; p<0.01 -9.09+5.323; p<0.01 -7.19+4.161; p<0.01

MicroRNAs expression was measured relative to four different internal controls and combination of two of them (U6 + U91). Negative fold change values indicate
downregulation of the miRNAs in cancer samples. Data are presented as means + standard deviation (SD). p < 0.05 is considered as statistically significant. P values
of the Student’s t-test for the significant differences are shown in bold
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Table 5 Stability evaluation of all internal controls using
NormFinder algorithm

Gene name Stability value Best gene: U91

Spike 0.085 Stability value: 0.056

us 0056

miR-16 0078 Best combination of
two genes: U6 and U91

ua1 0.056 Stability value for

best combination
of two genes: 0.036

Intragroup variation

Group Normal PDACs
identifier

Spike 0.061 0065
us 0013 0026
miR-16 0.023 0.086
usg1 Q.017 0053

Intergroup variation

Group Normal PDACs
identifier

Spike 0.054 -0.054
ue -0.026 0026
miR-16 -0.043 0043
ug1 0016 -0016

each individual miRNA. The null hypothesis (H,) was,
that average fold change values, calculated for the each
individual miRNA, are the same for all the internal con-
trols. However, the differences were significant in the
case of miR-21, miR-96, miR-148a, miR-155 and miR-
196a (p < 0.01). For miR-217, the difference was not statis-
tically significant (p >0.05). Consequently, we compared
miRNA expression normalized to the spike, with their
normalization to the other individual examined endogen-
ous controls, using a paired two-tailed Student’s ¢-test.
Differences of miRNA expression, normalized to U6 or
the combination of U6 and U91, in comparison with
the alien spike, were statistically significant for all

Table 6 The difference between normalizers
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miRNAs (p<0.01; Table 6). In the case of miR-16,
the difference was not significant for miR-217 only
(p > 0.05; Table 6). On the other hand, the difference
between spike and the U91 was statistically insig-
nificant for all miRNAs (p > 0.05; Table 6), except for
miR-217 (p <0.05; Table 6). Thus, one endogenous
control was found which demonstrated a behavior
very similar to the alien spike.

We investigated the causes of miRNA expression varia-
tions and their dependence on certain normalizers, and thus
attempted to find the most suitable normalizer. The 2247
method was used for the miRNAs expression quantification,
where CT is cycle threshold and AACT = ((CT mirnA) tumor
(CTcnnr_ml)tumor)'((CTmiRNA)normal'{CTcontml)normal) For ac-
curate miRNA quantification, in theory, CT values for the
internal control gene should be very close for tumors and
normal tissues, ideally (CTcontroi)rumor i (CTcontrol)normal.
However, this CTeono value may be shifted up to several
cycles in tumors (for example, up to + n cycles), if the ex-
pression of endogenous control differs in tumor and nor-
mal tissue. This difference may introduce a bias to the
miRNA fold change calculations:

AACT = ((CTm‘iRNA)mmor_((CTcnnlral)ngrmal + n))
~((CTmirnA) normat= (€ Teontrol Jnorma ) -

While analyzing the amplification curves of the differ-
ent internal controls, almost in all tumor samples a cycle
threshold (CT) shift of n =5 or even 6 cycles upwards in
comparison with the normal tissue was apparent
(Table 7). For example, CT values of the spike were very
similar for PDAC and the normal tissues, they differed
less than #=0.8 cycle (Table 7). Nevertheless, for
other normalizers these values varied from »n=-6.20
up to # =538 cycles (Table 7). We measured expres-
sion levels of our endogenous controls, using the
alien spike for normalization. As expected, U6 expres-
sion in tumors varied from -1.03 to 8.12-fold, miR-16
showed variations from -2.94 up to 7.38-fold in dif-
ferent tumors, and the U91 from -3.05 to 4.36-fold

miRNAs Internal controls
U6 miR-16 a1 U6 +U91

miR-21 2.87E-06; p<0.001 0.003404; p < 0.01 0.7979; p > 0.05 0.000789; p < 0,01
miR-96 0.003078; p<0.01 0.02723; p < 0.05 0.639203; p > 0.05 0038631; p<0.05
miR-148a 4.66E-06; p < 0.001 0.007849; p < 0.01 0.3078; p>0.05 0.000586; p < 0.01
miR-155 6.13E-05; p<0.01 0.000873; p< 0.01 0.534202; p > 0.05 0001831; p<0.01
miR-196a 7.93E-07; p<0.001 0.042034; p< 0.05 0.862491; p > 0.05 0.000117; p<0.01
miR-217 0.003951; p<0.01 0.065696; p > 0.05 0.024668; p < 0.05 0.008373; p < 0.05

MicroRNA expression levels were normalized relative to the alien spike, in comparison with the normalizations relative to other internal controls. Data are
presented as P-values of the paired Student's t-test. p < 0.05 was considered statistically significant. P-values for the statistically significant differences are

shown in bold
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Table 7 Cycle threshold values (CT) for endogenacus controls
are different in tumors and normal tissues
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Table 9 Expression of the endogenous controls is unstable in
all tumor samples

CT values shift Internal controls

Iy beniieen Spike U6 MiR-16 U9t
tumors and

normal tissues

Min 0,61 502 5,80 1,90
Max -0,70 =579 -6,20 -2,06
Average+5SD -0,13+0251 -123+£1,127 -078+1315 -036+0833

These values are often shifted + n cycles in tumors. [t means that expression of
endogenous control genes can vary in tumors

respectively. The difference in expression was statisti-
cally significant for all endogenous controls (p <0.01;
Table 8). Also, U6 was overexpressed in 22 tumors
from 24, miR-16 in 18 tumors and U91 in 14 corre-
spondently. miR-16 was downregulated in 6 tumors
and U91 in 5 tumor samples (Table 9). Thus, all se-
lected endogenous controls demonstrated expression
instability in tumor samples.

To identify the most stable internal control, the Norm-
Finder algorithm was used. RT-qPCR expression data for
all internal controls were linearized and compared in two
groups: tumors and normal pancreatic tissues (Table 5).
The most stable gene was U91 (stability value =0.056),
but stability values for all internal controls were close
(0.085; 0.056 and 0.078 for the spike, U6 and miR-16, re-
spectively; Table 5). U6 had the same stability value as
U91 (0.056), but it demonstrated higher levels of inter-
group variation (Table 5). Surprisingly, the most unstable
control was the artificial spike (0.085; Table 5). The
NormFinder can calculate variations between two groups,
including all normal or cancer samples, but it is unable to
evaluate the differences between normal and cancer tis-
sues among individual patients. This may be the reason
for the “instability” of the alien spike. The most stable pair
of internal controls was a combinations of two genes, U6
and U91 (stability value = 0.036; Table 5).

Discussion

MicroRNA expression values depend on a selected
internal control

Pancreatic ductal adenocarcinoma is one of the most
frequently occurring solid cancers and it carries an

Expression of the
endogenous controls

Endogenous controls

in tumors oG mik-18 U
Upregulated 22 18 14
Downregulated 0 6 5
Close to normal tissues 2 0 6
Total number of patients 24

extremely poor prognosis. As such, an extensive search
for biomarkers of early disease is undergoing, miRNAs
may have the ideal characteristics to fulfil this role. Due
to their stability and resistance against RNase degrad-
ation, they are viable in a wide range of samples. Viable
miRNAs for PDAC diagnosis may be isolated from fro-
zen and paraffin embedded tissue samples, stool, blood
plasma, or pancreatic juice, [24, 28, 30, 31].

For our analysis we have selected miRNAs, fre-
quently described to be dysregulated in various types
of PDACs samples. Studies mapping microRNA ex-
pression using microarrays have proven considerable
heterogeneity in pancreatic carcinomas. Zhang et al.
have demonstrated relative expression values miRNAs
spanning 6-logs (from 0.01-10,000) among individual
cases [27]. Among tumor samples we determined up
to 45-fold variability in both miR-21 and miR-155
levels. During our brief review of literature we have
noticed that the mean values of miRNA-levels in
tumors varied among studies. There are many factors
including differences in reagents/materials for miRNAs
quantification protocols and data-processing algorithms,
which can contribute to the variation. One of these factors
is a variety of controls, which were used for normalization.
Thus, the differences in the mean expression of miRNAs
may be at least partially explained by the choice of con-
trols for normalization.

For example, when normalizing with snoRNA U6,
Bloomston et al. measured a median 2.2-fold increase in
tumor miR-21 levels [24]. Zhang et al., using the same
internal control, found that expression of miR-21 was
up-regulated up to 6888-fold in several tumors [27].
Hong et al. reported about up to 550-fold increase in
PDACs, normalizing relative to U6 [31]. When using

Table 8 Expression values of candidate endogenous control genes are highly variable in PDACs in comparison with normal tissues

Fold change values Genes

in PDACSJ measu.red U miR-16 Ual

relative to the spike

Min -1.03 -294 -3.05

Max 812 7.38 436

Average + 5D 3.13+1.331; p <001 269+ 1.540; p < 0.01 161+0.730; p <001

P values of the Student's t-test, when p < 0.05, were considered statistically significant
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both U6 and 5S as endogenous controls, du Rieu et al.
detected a 20.1-fold tumor miR-21 up-regulation [8]. In
our study, when normalizing with U6, a mean 5.5-fold
increase in miR-21 in tumors was present. However,
when normalizing to miR-16 a 7.03-fold increase was
present (p<0.01, Table 4). Wang et al. detected in
plasma samples with miR-16 only a mean 2.42-fold up-
regulation [30]. On the other hand, when normalizing to
the artificial spike or with U91 we detected a mean
14.56-fold and 17.71-fold increase (p < 0.01, Table 4).

The data about miR-96 expression in PDAC are contro-
versial. Several groups of authors reported about miR-96
expression fold increase in experiments with microarray
[24, 32]. For example, Bloomston et al. measured an aver-
age 1.77-fold increase, when determining miR-96 levels in
PDACs [24]. Kent et al. also demonstrated 2.7-fold upreg-
ulation of miR-96 in pancreatic cancer cell lines [32]. On
the other hand, miR-96 has been shown to be frequently
down-regulated in experiments, utilizing Northern blot or
RT-qPCR [13, 15, 25, 31, 33]. Szafranszka et al. determined
in their study a -4.35-fold decrease in tumor miR-96
expression, when normalizing to miR-24 [25]. Hong et al.
as well as Feng et al. showed that miR-96, normalized to
U6, was downregulated in PDAC samples up to -8-fold
[31, 33]. With U6, miR-16 and combination of U6 + U91
respectively, we demonstrated a statistically significant
mean -3.22-fold, -2.32-fold and -1.85-fold decrease
in tumor tissue (p <0.01, Table 4). However, expres-
sion analysis with the artificial spike and U91 alone
yielded a statistically insignificant alteration in miR-96
expression in tumors in comparison with normal tis-
sues (p > 0.05, Table 4).

miRNA miR-148a expression is described to be down-
regulated in PDAC due to promoter hypermethylation,
which represents an early event in pancreatic carcino-
genesis [15]. Bloomston et al. as well as Jamieson et al.
measured an average —5.5-fold and -7.14-fold decrease
respectively, when determining miR-148 expression with
a microarray [24, 29]. In experiments, utilizing RT-
qPCR, Szafranszka et al. demonstrated -6.15-fold de-
crease of miR-148a levels, with miR-24 as normalizer
[25]. However, Ma et al. and Zhang et al., normalizing to
U6, determined a respective -2.86-fold and -2.5-fold
downregulation in PDAC samples [34, 35]. Hanoun et
al. also reported about miR-148a down-regulation, using
U6 like the endogenous control [15]. In our study,
tumor miR-148a levels were —2.04-fold and -1.33-fold
decreased with U6 and miR-16 as a normalizers,
respectively (p<0.01 and p<0.05, Table 4). On the
other hand, analysis of miR-148a expression, normal-
ized to the alien spike, U91 and a combination of U6
and U91 did not determine statically significant dif-
ferences in expression between cancerous and non-
cancerous tissues (p > 0.05, Table 4).
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The miR-155 is an onco-miR, overexpressed in early
pancreatic adenocarcinoma precursors and invasive
PDAC [11]. The miR-155 expression in PDACs and pan-
creatic cancer cell lines, measured by microarray, ranged
from 1.8 to 2.9-fold in different studies [24, 28, 29, 36,
37]. On the other hand, Habbe et al. found a mean
11.6-fold increase in intraductal papillary mucinous
neoplasms, which was measured by RT-qPCR relative
to U6 [11]. Zhang et al. also used U6 like a normalizer
in their study. They reported about up to 52-fold in-
crease in individual cases [27]. In our pancreatic car-
cinomas a mean 5.05-fold increase was present, when
normalizing to U6 (p <0.01, Table 4). However, Ma et
al. measured only a 2.11-fold increase with the same
endogenous control [34]. Wang et al. determined a
3.74-fold increase in serum miR-155 levels in cancer,
when normalizing with miR-16 [30]. Our PDAC sam-
ples showed, on the other hand, a mean 6.39-fold
increase with miR-16 as internal control (p<0.01,
Table 4). However, the expression levels were several
times higher, measured relative to the alien spike or
U91 - 15.1 and 13.36-fold respectively (p<0.01,
Table 4).

The miR-196a is an onco-miR reported to be fre-
quently dysregulated in PDAC [27, 30]. Zhang et al.
measured, when normalizing to U6, 0.35-1557-fold vari-
ations in tumor miR-196 expression [27]. In our tumors
we determined a mean -2.2-fold decrease, when normal-
izing to U6 (p < 0.01, Table 7). Wang et al. demonstrated
16.05-fold increase in plasma samples with miR-16 as
the endogenous control [30]. On the other hand, for
miR-16, as well as for the alien spike or U91 we did not
find significant differences in miR196a expression be-
tween cancer and normal tissues (p > 0.05, Table 4).

The miR-217 inhibits in vitro tumor cell growth and it
functions as a potential tumor-suppressor by influencing
the Akt/KRAS signaling pathway, therefore, miR-217 is
frequently down-regulated in PDAC. MicroRNA miR-217
was down-regulated 10-fold in the study by Szafranszka et
al., normalized relative to miR-24 [25]. However, Greither
et al. determined only a mean -2-fold decrease with
18S as internal control [22]. Ma et al. demonstrated
-3.91-fold decrease, using U6 for normalization [34]. On
the other hand, Hong et al. found, that expression of miR-
217 was down-regulated up to -62.5-fold in PDACs.
They also used U6 like internal control [31]. In our
samples, miR-217 expression was significantly down-
regulated across all internal controls, with a max-
imum -24.39-fold decrease with U6 and a minimum
-7.19-fold decrease with U6+ U91 combination (p<
0.01, Table 4).

Thus, for miRNAs with high positive or negative ex-
pression levels, such as miR-21, mir-155 or miR-217,
fold change values may differ up to several times,



Popov et al. BMC Cancer (2015) 15:774

depending on selected internal controls. Moreover, dif-
ferent internal controls can produce controversial results
for miRNAs quantification, as it was demonstrated for
miR-96, miR-148a or miR-196a.

Comparing internal controls: U91 is a new endogenous
control for microRNAs quantification in pancreatic cancer
RT-qPCR quantification of tumor miRNA expression
may play an essential role in PDAC diagnostics, chemo-
therapy resistance and survival prediction. RT-qPCR-
based experiments require endogenous controls for the
result normalization, reliability and reproducibility. U6
small nuclear RNA [8-11, 14, 15, 27, 30, 37, 38], 18S [7]
and 5S ribosomal RNAs [8, 15, 39, 40], small nucleolar
RNAs RNU48, RNU43, RNU44 — commercial available
Applied Biosystems assays [41], or miR-16 [30, 42, 43]
were often used as the endogenous controls for miRNAs
expression evaluation. However, there are data indi-
cating, that expression levels of these reference genes
may differ significantly in neoplastic and normal tis-
sues [17-19]. This expression instability may intro-
duce bias, when determining miRNA dysregulation in
tumors. For example, U6 small nuclear RNA was the most
common internal control [8-11, 14, 15, 27, 30, 38] for the
quantification of miRNAs expression in PDAC. However,
there are data, implying that U6 expression may be un-
stable in breast and cervical cancers [17, 19, 42]. Also, the
amount of U6 may vary significantly in serum samples
from patients with breast and colorectal cancers [18, 42].
According to our findings, U6 expression may show as
high as an 8-fold difference in PDAC and normal pancre-
atic tissue (Table 8). On the other hand, U6 was deter-
mined as the second most stable gene by the NormFinder
algorithm (Table 5). U6 also demonstrated greater expres-
sion stability in breast carcinoma tissue samples when
compared with the snoRNAs RNU44, RNU48 and
RNU43. Furthermore, changes in levels of these snoRNAs
correlated with tumor morphology and patient prognosis
[41]. However, U6 alongside 55 and miR-16 showed re-
markable expression variability in tissue samples from pa-
tients with breast carcinoma [42].

The data about miR-16 expression in serum samples
from the breast cancer patients are controversial. On the
first look, this miRNA demonstrated significant expres-
sion variations [18, 42]. On the other hand, analysis with
the geNorm algorithm has identified miR-16 as well as
miR-425 as the most stable normalizers [43]. According
to our measurements, expression of miR-16 varied sig-
nificantly in pancreatic carcinomas (p < 0.01, Table 7). In
addition, miR-16 was marked by the NormFinder algo-
rithm as the least stable of the analyzed endogenous
controls (Table 5).

Another possibility for RT-qPCR result normalization is
the use of alien spike RNAs, such as miR-39 from C.
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elegans [18, 44], as internal controls. Also, these spike
RNAs should be selected while taking into consideration
that the same RNA sequences may already exist in the hu-
man genome. Surprisingly, according to the NormFinder
analysis, the artificial spike was the least stable control
(stability 0.085; Table 5). It must be taken into consider-
ation, that the NormFinder algorithm can calculate varia-
tions between two groups including all normal and cancer
samples, but it is unable to evaluate the differences be-
tween normal and cancer tissues from the individual
patients. Accordingly, this may be the reason for the
“instability” of the alien spike.

In this study, we compared the expression of 4 internal
controls to determine the most stable of them. On the
first look, the best internal control is the artificial spike,
due to its amplification curves and threshold cycles,
which have demonstrated to be very close for cancers
and normal tissues (Table 7). On the other hand, accord-
ing to the results, yielded by the NormFinder analysis,
the best normalizer is the combination of U6 and U91.
This combination has the best stability value, but as
normalization results show, it differs significantly from
the artificial spike (p <0.01, Table 6). The most stable
gene, determined by NormFinder, was U91 (Table 5).
Each miRNA normalized relatively to the spike or U91,
demonstrated similar expression values. Thus, statisti-
cally significant and insignificant differences between
tumors and normal tissues for miRNAs were equal for
the spike and the U91 (Table 4). Also, the differences
between the spike and U91 were statistically insignificant
for all of miRs except of miR-217 (Table 6). Among
three endogenous controls, the U91 had the lowest aver-
age expression values and standard deviation in cancer
tissues (Table 8).

Thus, we recommend U9l as a new normalizer of
miRNA expression in pancreatic adenocarcinoma.

Conclusions

We found expression of traditional endogenous controls,
such as U6 and miR-16 can be unstable in pancreatic tu-
mors and may vary up to several times. This instability may
introduce bias to the miRNAs quantification. On the other
hand, U91, the new stable internal control for miRNAs ex-
pression evaluation in pancreatic cancers was found.

MIQE guidelines

This study was carried out in compliance to the Minimum
Information for Publication of Quantitative Real-Time
PCR Experiments (MIQE; [45]).

Availability of data

Data files, including raw CT values or fold change tables
are available on request, please, contact the correspond-
ence author.
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Abstract

Pancreatic ductal adenocarcinoma (PDAC) remains a disease with extremely poor
prognosis and limited effective available treatment. Differential expression of miRNAs
isolated from tumor tissue has been proposed as a marker for tumor diagnosis,
progression and prognosis. Nevertheless, prognostic value of miRNAs expression in
PDACs for patient outcome still remains unclear. Expression of 7 selected miRNAs,
isolated from FFPE samples of 54 PDAC patients, was quantified using RT-qPCR. The
relationship of miRNA expression levels with tumor histology, clinico-pathological
characteristics, patient overall survival (OS) and progress-free survival (PFS), was
subsequently evaluated. Overexpression of miR-21, miR-155 and miR-210 was
observed in PDACs (up to 72.62-fold, 232.36 and 181.38-fold respectively), in
comparison with non-neoplastic tissues. On the other hand, miR-96 and miR-217 were
significantly downregulated in PDACs (up to one hundred times). No differences were,
however, noticed between cancer and normal tissues for the expression levels of miR-
148a and miR-196a. On the other hand, expression levels of all 7 miRNAs failed to
demonstrate significant correlation with parameters of tumor progression, such as tumor
stage, grade, nodal involvement, perineural and vascular invasion. Positive correlation

of miR-210 levels was, however, observed with patient age (p=0.35). Additionally, miR-
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148a and miR-217 expression have shown positive association with tubular tumor
growth pattern (p=0.39; p=0.28). Negative correlation of miR-148a values was also
demonstrated with dissociative growth pattern and nuclear atypia (p=-0.30; p=-0.27).
Finally, no statistically significant correlation could be demonstrated with the
expression levels of all 7 tested miRNAs and PDAC patient survival; neither for OS nor
for PFS (p>0.05). Our data has confirmed abnormal miRNAs expression in PDACs in
comparison with adjacent non-neoplastic tissue. On the other hand, no correlation was
discovered between miRNA expression and parameters of tumor progression. We have
found significant association between histologic tumor growth patterns and miRNA
expression, making this work the first study which analyzes this aspect of PDAC.
Finally, in our group of patients, no relationship of miRNA levels and patient prognosis
could be demonstrated. Therefore, further investigation is required to evaluate the
predictive and prognostic potential of miRNAs in a clinical setting.

Keywords: miRNA, pancreatic ductal adenocarcinoma, RT-qPCR (reverse transcription

quantitative PCR), overall survival, progression-free survival

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most common primary pancreatic
neoplasm, with great potential for locoregional spread (close to 35% of cases) and, in up
to 50% of patients, with metastatic disease at the time of diagnosis. Furthermore, PDAC
1s highly resistant to chemoradiotherapy [1-3]. Curative resection is possible only in 15-
20% of the patients, with 5 year overall survival (OS) of 5-7% [4-8]. Despite dramatic
progress in the management of malignancies, the outcome of PDAC patients failed to
show significant improvement and by 2030, PDAC is estimated to be the second
leading cause of cancer-related death [9]. Therefore, there is an intensive ongoing
search for biomarkers permitting tumor detection, characterization of cancer
progression and prediction of patient survival.

MicroRNAs (miRNAs) have emerged as a new class of such biomarkers [10, 11].
Dysregulation in miRNA expression profiles has been detected in a wide variety of
neoplastic diseases [12—14]. They have been theorized to act as oncogenes and tumor
suppressors, with aberrant miRNA expression being already presented in neoplastic
precursor lesions [15-17]. MiRNAs can be isolated from plasma, tissue samples and

excretions, while maintaining sample integrity due to their stability [18—20]. Moreover,



miRNAs are preserved after formalin fixation and can be isolated from paraffin
embedded tissue, yielding similar results to fresh material [21].

Several microRNAs across numerous publications have been proposed as predictive
factors for disease progression, chemotherapy outcome and patient survival. Of these
markers, miR-21 has received the most attention, elevated expression levels being
regularly suggested as a predictor of poor patient prognosis [22]. Jamieson et al. have
also discovered the relationship of miR-21, alongside miR-146a, and miR-628 with
tumor grade, stage and lymph node status [23]. Other miRNAs have shown promise as
prognostic markers, as well; but were analyzed to a more limited degree, sometimes
yielding inconsistent results among studies. Kong et al. have proposed elevated miR-
196a serum levels as a predictor of poor survival, besides being able to differentiate
resectable and unresectable patients [24]. MiR-155 has also been linked to advanced
tumor stage and poor survival [25, 26]. Greither et al. have proposed a prognostic panel
consisting of miR-155, -203, -210 and -222, where their elevated expression is a
predictor of poor outcome [27]. On the other hand, increased plasma levels of miR-210
were linked to better patient survival [28]

In this study, the expression of 7 miRNAs (miR-21, miR-96 miR-148a, miR-155, miR-
196a and miR-210 and miR-217), described to be dysregulated in PDAC, was analyzed.
Three of the selected miRNAs, miR-21, miR-155 and miR-217 were described to be
differentially expressed in relationship with tumor progression [23, 25, 29]. MiR-21,
miR-155, miR-196a and miR-210 were selected, due to them having been proposed as
prognostic markers [22, 27, 30]. The role of miR-96 as well as miR-148a and miR-217
expression in patient prognosis has not been analyzed extensively yet. The aim of this
work was evaluation of the relationship of miRNA expression levels with tumor

morphology, progression and patients” survival.

Patients and methods.

Patients and tissue specimens

For this study, tissue samples were collected from patients, who had undergone
pancreatoduodenectomy (Whipple and Traverso-Longmire), distal pancreatectomy or
total pancreatectomy for PDAC between 2007 and 2015. Formalin fixed paraffin
embedded (FFPE) blocks with tumor and with normal pancreatic tissue used as negative

control, were retrieved from the archive of the Department of Pathology of the



University Hospital Kralovske Vinohrady in Prague. Tumor tissue represented at least
two thirds of the volume of the histologic slide. Negative controls of non-neoplastic
pancreatic tissue were procured at least 15 mm away from the tumor. The diagnosis of
PDAC was confirmed by two pathologists (A. Sz. and V. M.) according to the WHO
Classification of Tumors of the Gastrointestinal Tract, 4" edition. Patient data,
including age, gender, tumor grade and TNM status was collected for analysis. Patients

were followed up until January of 2018, with a median follow-up time of 19 months.
Morphological analysis of tumors

Microscopic patterns of PDAC were classified into tubular, cribriform, solid-trabecular,
mucinous, clear cell, dissociative and signet ring; quantified in increments of 5%, taking
into account all the available slides with tumor. Tumor growth patterns are illustrated in
Fig. 1. Nuclear atypia was semiquantitatively graded as low, medium or high. Mitotic
count for each tumor was also performed in 10 high power fields (HPF) (Olympus
microscope BX43 and objective Olympus Plan 40x/0.65).

MicroRNAs isolation and reverse transcription.

Three 6um thick unstained sections from selected FFPE blocks where the tumor
occupied at least two thirds, were procured for RNA extraction, using the miRNeasy
FFPE kit (Qiagen), following the manufacturer’s instructions. Reverse transcription was
carried out as described in our previous work [31]. The stem-loop primer sequences for
the examined pancreatic miRNAs and the internal control, alien spike miRNA (miR-39
from C. elegans) are listed in Table 1. The alien spike was selected for normalization

based on its performance in our previous work [31].
Real-time gPCR.

cDNA samples were amplified in duplicates, using the Applied Biosystems 7500 Fast
real-time PCR system and Hot FirePol EvaGreen qPCR Mix Plus (Solis BioDyne). The
reaction mix included 10 pmol of each primer (miRNA specific and the universal (Table
2)) and 2pl of cDNA. Amplification of the cDNAs was performed at the following
thermal conditions: denaturation at 94°C for 15 min, followed by 40 cycles consisting
of denaturation at 94°C for 15 sec, annealing at 62°C for 60 sec and DNA synthesis at

72°C for 40 sec. Reaction product specificity was controlled with their respective



melting curves. The AACt method was applied to measure the values of miRNA

expression of interest [32].
Statistical analysis.

All statistical analyses were performed using GenEx 6, S.A.S. release 9.4 (SAS Inc.,
Cary, NC, USA) and SPSS (IBM Corporation). The expression of miRNAs in
neoplastic and normal tissues was compared by a Wilcoxon's paired test. Spearman rank
correlation was used to evaluate correlation between expression levels of different
miRNAs. Cox proportional-hazards model was used for analyses of overall and
progression-free survival (PFS). Univariate Cox regression analysis was utilized to
assess relationship of miRNA expression and overall survival in the group of patients
form the “The Cancer Genome Atlas” (TCGA) database. All tested hypotheses were
two-sided. The level of significance was selected as alpha = 0.05, therefore p-values

below 0.05 were considered as statistically significant.

Results.

Clinico-pathological characteristics of PDAC patients

Of 54 patients with PDAC, 27 (50%) were men and 27 (50%) were women The age of
patients ranged from 34 to 83 years, median 63 years (Table 3). Four cancers were well
differentiated, 27 cancers were moderately differentiated and 23 cancers were poorly
differentiated. In one patient, the tumor originated from a mucinous cystic neoplasm
(MCN); the analyzed sample was selected to contain only malignant tumor. The tumor
progression was classified in 4 patients pT1, in 7 patients pT2, in 41 patients pT3 and in
2 patients pT4. Lymph node metastases were discovered in 37 specimens. Perineural
propagation was present in 47, and lymphovascular invasion in 29 cases. The resection
margin was negative (R0) in 40 and positive (R1) in 14 patients (Table 3).

Correlation of tumor histological characteristics

Analysis of the relations of particular histomorphological patterns of PDACs using
Spearman’s correlation showed negative correlation of tubular tumor pattern (being
present in tumors with lower grade) with solid trabecular (p<0.001) and dissociative
(p<0.001) growth patterns, high nuclear atypia (p<0.001) and mitotic count (p<0.001).

Hallmarks of high tumor grade, which are solid trabecular and dissociative growth



patterns were, on the other hand, associated with higher degrees of nuclear atypia

(p<0.001). High mitotic count in PDAC was also related with nuclear atypia (p<<0.001).
Survival

Data on progression-free survival were available in 42 patients, with a median of 13
months. Overall survival of the entire group ranged between 1-81 months, with a
median of 19 months. Seven patients have shown no recurrence of the disease and have

survived for 20-81 months, still being alive at the end of the follow-up period (Table 3).
Relationship of tumor parameters and patient survival.

Evaluation of prognostic significance of tumor stage was limited by the number of the
patients. No difference in prognosis could be demonstrated between grade 2 and grade 3
PDACs (p>0.05). The small number of grade 1 tumors (n=4) in our group prevented us
from further characterizing deviation in survival according to this parameter. Positive
resection margin was associated with shorter PFS (p<0.05). Vascular invasion was
significantly correlated with poor patient OS (p<0.05). No such relationship was
apparent in perineural invasion and lymph node status. Microscopic tumor growth
patterns, including tubular, cribriform, solid trabecular and dissociative, were not
associated with patient prognosis. The strongest correlation of OS and PFS was with
tumor mitotic count (p=0.093 and p=0.063). We identified a cut-off point of 3 mitoses
on 10 HPF 40x to distinguish between patients with poor and good prognosis.

Abnormal miRNA expression in pancreatic cancers.

We observed significant overexpression of miR-21, miR-155 and miR-210 (up to 72.62-
fold, 232.36-fold and 181.38-fold correspondently; p<0.01, Table 4) in PDACs in
comparison with adjacent normal tissues. On the other hand, miR-96 was significantly
downregulated in PDACs (-1.42-fold, p<0.01). Expression of the miR-217 often was
inhibited, up to one hundred times and was not detected in 15 PDAC samples (Table 4).
However, we did not find any significant differences between cancer and normal tissues

for the expression levels of miR-148a and miR-196a (p>0.05, Table 4).

We detected significant positive correlation between expression levels of different
miRNAs. High levels of miR-21 correlated with high levels of the miR-155 (p=0.48,
p<0.01) and miR-210 (p=0.36, p<0.01, Table 5). Downregulation of miR-96 correlated
with miR-196a (p=0.42, p<0.01, Table 5). Correlation between miR-155 and miR-210



(p=0.30, p<0.05) as well as between miR-148a and miR-217 (p=0.27, p=0.048) was

significant for the 95% and insignificant for 99% confidence interval (Table 5).
MiRNAs expression and clinico-pathological characteristics

Comparison of miRNA expression with clinico-pathological characteristics of patients
disclosed positive correlation of miR-210 expression with patient age (p=0.35, p<0.01;
Table 6). Expression levels of all 7 miRNAs, failed to demonstrate significant
correlation with other parameters, such as tumor stage, grade, nodal involvement,

perineural and vascular invasion (Table 6).

MiRNA expression and microscopic tumor growth patterns.

Evaluation of the relationship between miRNA expression and microscopic tumor
patterns, using Spearman’s correlation discovered statistically significant association of
miR-148a and miR-217 expression and tubular tumor growth pattern, characteristic for
cancers of lower grade (p=0.39, p<0.01; p=0.28, p<0.05; Table 7). MiR-148a values
have shown a negative correlation with nuclear atypia (p=-0.30, p<0.05; Table 7) and
dissociative growth pattern (p=-0.28, p<0.05; Table 7). Additionally, miR-155 level had
positive correlation with high tumor mitotic count (p=0.27, p<0.05; Table 7).

MiRNA expression and patient’s survival.

Analysis of a prognostic role of expression of tested miRNAs in PDAC did not discover
any significant evidence for OS (p>0.05, Table 8). Correlation between miRNA levels
and duration of PFS was also statistically insignificant for all seven selected miRNAs

(p>0.05, Table 9).
In silico survival analysis of survival of PDAC patients from TCGA database

“The Cancer Genome Atlas” (TCGA) database represents miRnome of 178 pancreatic

carcinomas analyzed by Illumina seq (https://gdc.cancer.gov, oncolnc.org), alongside

with the detailed clinical patient data. After review of the TCGA cohort, we excluded
cases of neuroendocrine carcinomas and adenocarcinomas other than conventional
PDAC; the size of the analyzed TCGA cohort was thus reduced to 160 patients. The
relationship of copy numbers of selected miRNAs in tumors and patient survival was
evaluated with Cox regression analysis, but none of the selected miRNAs were related

to shorter patient OS (Supplementary table 1, p<0.05).


https://gdc.cancer.gov/

Discussion

MicroRNAs are overexpressed or downregulated in pancreatic cancer.

For our analysis we have selected miRNAs, frequently described to be deregulated in
PDACs [30, 33, 34]. Zhang et al. have demonstrated relative expression values of
miRNAs spanning 6-logs (from 0.01-10,000) among individual cases [35].

Expression levels of miR-21 are increased in PDAC and vary greatly in individual
studies [30, 33, 36, 37]. For example, Bloomston et al. measured with microarray a
median 2.2-fold increase in FFPE tumor samples [30], and Zhang et al. detected
upregulated expression of miR-21 up to 6888-fold in several tumors using RT-qPCR
arrays [35]. In our study, a mean 12.01-fold increase of miR-21 was observed and a
maximum 72-fold elevation was present in tumors (Table 4).

The data about miR-96 expression in PDAC are controversial. This miRNA has been
shown to be downregulated in several studies performed on FFPE tumor samples
utilizing microarrays and RT-qPCR [19, 33, 39, 40]. On the other hand, Bloomston et al.
measured an average 1.77-fold increase, when determining miR-96 levels in PDACs
[30]. Kent et al. also demonstrated 2.7-fold upregulation of miR-96 in pancreatic cancer
cell lines using custom microarrays [38]. We found that miR-96 expression was
significantly downregulated in cancers in comparison with normal tissues (up to -18-
fold, mean was -1.42-fold, p<0.01, Table 4).

Decrease of miR-148a levels has been consistently identified in PDAC tissue samples,
across several studies analyzing FFPE tumor tissues with microarrays and RT-qPCR
[19, 30, 41]. In contrast with the cited literature, we found slightly decreased miR-148a
mean level in tumors (-1.63-fold), but insignificantly in comparison with normal tissues
(p>0.05, Table 4). However, this miRNA was inhibited, up to -55-fold, in several
PDAC:s (Table 4).

Overexpression of miR-155 in paraffin embedded PDAC samples and pancreatic cancer
cell lines measured by microarrays and RT-qPCR, ranged from 1.8 to 2.9-fold in
different studies [30, 35, 43]. Zhang et al. reported up to 52-fold increase in individual
cases [35]. In our group of samples a mean 22.9-fold increase was present (p>0.05,

Table 4).

Abnormalities in miR-196a expression have been described in pancreatic cancer and in

other malignancies as well [34, 35, 44, 45]. Wang et al. detected with RT-qPCR 16.05-



fold increase in plasma samples of patients with PDAC [34]. Additionally, Xu at al.
discovered with RT-qPCR significant increase of miR-196a in plasma exosomes of
PDAC patients in comparison with healthy controls [46]. In our group of PDAC
patients we determined a great variation of miR-196a expression, from -15-fold up to
25.9-fold in different tumors (Table 4). On the other hand, we did not find significant
differences in miR-196a expression between cancer and normal tissues (mean was
0.913-fold, p>0.05; Table 4).

Elevation in miR-210 levels have been consistently described across several studies
performed on frozen and FFPE tumor tissues with microarrays and RT-qPCR [19, 27].
Greither et al. detected up to 39.9-fold increase in snap-frozen surgical resection
specimens [27]. Wang et al. reported about a 2-28-fold elevation in miR-210 plasma
levels in PDAC patients [34]. In our study we observed up to 181-fold increase of miR-
210 expression in PDACs in comparison with normal tissues (mean 15.68-fold, p<0.01;
Table 4)

Down-regulation of miR-217 is a frequently described phenomenon in PDACs. Greither
et al. determined only a mean -2-fold decrease of miR-217 expression in snap-frozen
tumor samples [27]. In FFPE tumor tissues, Ma et al. demonstrated -3.91-fold decrease
[47], Szafranska et al. have shown downregulation up to -10-fold as well [19]. Hong et
al. found significant (up to to -62.5-fold) downregulation of miR-217 expression of in
fine needle aspirates from PDACs [33]. In our samples, miR-217 expression was
significantly downregulated, with up to-100-fold decrease. Additionally, this miRNA
was not detected in 15 PDACs (p<0.01, Table 4).

Besides identifying abnormalities in the expression of single miRNAs, we have also
discovered a positive correlation between high expression levels of the three onco-
miRNAs: miR-21, miR-155a and miR-210 (Table 5). Acting together, these miRNAs
may promote cancer development and progression [48-51]. Moreover, positive
correlation was detected for downregulation of tumor suppressing miRNAs miR-148a
and miR-217 (Table 5). Both of them inhibit cell proliferation [52, 53], therefore it may
be necessary to deactivate them in tumors for successful cancerogenesis. Additionally,
positive correlation was detected for downregulation of miR-96 and upregulation of
miR-196a (Table 5). MiR-96 is inhibitor of KRAS, limiting tumor cells proliferation
[39, 40, 54], but miR-196a is oncomiR and it acts quite opposite, preventing apoptosis
[55], promoting cell proliferation and migration [48]. Accordingly, downregulation of

miR-96 and upregulation of miR-196a looks like a necessary condition for tumor



survival and development.

Thus, we observed that selected miRNAs were abnormally up- or downregulated in
pancreatic cancers. Five of seven selected miRNAs demonstrated significant differences
of expression levels in tumors in comparison with adjacent normal tissues (Table 4).
Therefore, differential miRNAs expression may be a very sensitive tool for the

pancreatic cancer diagnostics.

Correlation of clinicopathological features of tumors with microRNA expression

In surgical resection specimens, the relationship of abnormal miRNA expression with
tumor morphology and progression has been investigated less frequently, compared
with miRNA diagnostic and prognostic utility. Additionally, conclusions are inconsistent
in different publications. Jamieson et al. have demonstrated elevated expression of miR-
21, miR-146a, and decreased expression of miR-628 to be linked to tumor grade, stage
and lymph node status in FFPE tumor samples investigated with RT-qPCR [23].
Frampton et al. [56] and Giovanetti et al. [57], on the other hand, found in formalin
fixed PDAC tissue samples statistically significant association only between elevated
miR-21 levels and tumor grade, but not with other clinicopathological parameters.
Dillhoff et al. couldn’t identify with in situ hybridization in FFPE tumor samples any
correlation of miR-21 expression with tumor size, differentiation, nodal status, or tumor
stage [58]. Deng et al. demonstrated in snap-frozen and FFPE samples of a group of 54
PDAC patients positive correlation of down-regulated miR-217 with progressed tumor
stage, lymphatic invasion, vascular infiltration and distant metastasis [29]. Schultz et al,
in microdissected FFPE tumor samples in a group of 170 PDAC patients, could not
identify a reliable miRNA profile to cathegorize patients according to tumor stage and

lymph node status [59].

In our cases, we haven’t detected significant correlation of miRNA expression with
tumor progression, grade, perineural, vascular invasion and lymph node status. Positive
association was, however, discovered between patient age and miR-210 levels (Table
6). This finding could be in part related to the proposed role of miR-210 in cellular
senescence [60]. Further investigation is, therefore warranted to analyze the potential of

miRNA signatures in predicting the extent of tumor progression.



Prognostic role of miRNAs expression profiles for PDAC patient’s overall and
progression-free survival.

The only clinically available biomarker capable of assessing the prognosis of PDAC
patients is CA19-9, yet its utility is limited by non-specific positivity and false
negativity in multiple neoplastic and non-neoplastic diseases [61]. There is increasing
evidence that miRNA expression profiles could have a potential to provide tumor-
specific prognostic information. Several recent works have reported associations
between microRNA expression and overall survival in PDAC patients [22, 57, 62, 63].
Among the dysregulated miRNAs in PDAC, miR-21 has been the most widely studied
potential prognostic factor. This onco-miRNA has also been proposed as a marker for
patient survival in a large number of other malignancies [64]. Several meta-analyses,
assessing more than 20 articles, published from 2007 to 2016, including more than 2000
PDAC cases [22, 62-65] have postulated that high miR-21 expression, detected with
microarrays and RT-qPCR in tumor tissue samples procured from surgical specimens, is
consistently linked to poor OS and PFS. Similarly, Karasek et al. described the
association of poor patient OS and elevated plasma levels of miR-21 detected with RT-
gPCR [66]. The literature is, however, not in total agreement regarding the prognostic
role of miR-21. Calatayud et al. and Schultz et al. did not find any significant
correlation between miR-21 expression, measured with RT-qPCR arrays on FFPE
material, and OS in their groups of 165 and 277 PDAC patients [59, 67]. Worse PFS
was observed by Khan et al. in patients with inoperable PDAC with elevated plasma
miR-21 detected with digital droplet PCR, but no association of circulating miR-21
levels with OS was detected [68]. Moreover, there is disagreement in the literature over
the significance of miR-21 overexpression in the cancer cells or in tumor-associated
fibroblasts for patient survival. Donahue et al. described worse OS in patients receiving
5-fluoruracyl chemotherapy with elevated miR-21 expression in cancer associated
fibroblasts detected with in situ hybridization, but not in patients treated with
gemcitabine [69]. Kadera et al. identified through in situ hybridization that only
elevated miR-21 expression in tumor-associated fibroblasts was linked with poor
prognosis and lymph node metastases. On the other hand, miR-21 expression in tumor
cells had no effect on survival [70]. Giovanetti et al. detected, however, significantly
higher mir-21 levels in microdissected tumor cells, correlating with shorter OS [57]

The role of miR-96 expression levels in patient prognosis has not been analyzed

extensively Only one group demonstrated that downregulated expression of miR-96-5p



in FFPE tumor samples measured with RT-qPCR was associated with a decreased
overall survival in patients with PDAC[ 71].

The value of miR-148a as a prognostic marker for PDAC has also been assessed to a
limited degree, with controversial conclusions. Schultz et al. identified in FFPE PDAC
samples, utilizing RT-qPCR arrays, low miR-148a expression as a predictor of short OS
[59]. On the other hand, in FFPE samples from a group of 78 PDAC patients, miR-148
expression levels, quantified with RT-qPCR, where not statistically significant with
regards to overall survival [47].

Overexpression of miRNAs miR-155, miR-196a and miR-210 detected in microarrays
and with RT-qPCR performed on frozen and FPPE tumor samples has been observed in
pancreatic cancer patients who had a poor overall survival rate [27, 30]. These findings
were confirmed with RT-qPCR by Ma et al. and Papaconstantinou et al. for miR-155 in
operatively collected FFPE tumor samples [25, 47]; as well as by Greither et al. for
miR-155 and miR-210 in microdissected snap-frozen tumor samples[27]. Mikamori et
al. showed that both OS and DFS were significantly shorter in the high miR-155
expression group of microdissected FFPE pancreatic cancer samples [26]. Bloomston et
al. have linked high miR-196a in FFPE sampes from PDAC, measured with
microarrays, with shorter OS [30]. Kong et al. also reported correlation of elevated
miR-196a measured with RT-qPCR in blood sera of PDAC patients with poor survival
and advanced disease stage [24]. Yu et al. analyzed plasma levels of miR-196a and miR-
210 with RT-gPCR in a cohort of 31 PDAC patients. High miR-196a expression was
associated with poor OS, whereas high miR-210 expression was significantly associated
with improved survival [28].

The effect of miR-217 expression levels on patient prognosis has been evaluated only
by Ma et al. and Vychytilova et al., investigating FFPE tumor samples utilizing RT-
gPCR. In these studies, no association of miR-217 expression with OS and PFS was
described [47, 72].

In our study, we could not confirm any significant prognostic value of the seven
selected miRNAs, neither for OS nor for PFS (Table 8 and 9).

Several studies have examined in silico the RNA sequencing data of pancreatic cancers
from the TCGA database, in order to select miRNAs predicting survival length [73-76].
These publications are also not in agreement about the panels of predictive miRNAs for
patient OS, which varied significantly in composition (Supplementary table 2). The

miR-21 was determined as significant for patient prognosis in only one of the studies



[73]. MiR-196a expression was identified as significant for predicting survival in
univariate Cox regression analysis in one study, but this miRNA was insignificant for
OS in the multivariate analysis in a combination with another miRNAs [75]. We also
analyzed the cohort of 160 PDAC patients from this database [77], but none of the
selected miRNAs were related to shorter patient OS (Supplementary table 1).
Discrepancies in selected prognostic miRNAs may be due to differences study design

and statistical data analysis.

The data about prognostic role of miRNAs expression in PDACs are insufficient and
debatable. The number of performed studies is low; as such bias introduced by the
composition and ethnicity of the patient cohort may be regarded as a significant source
of variability [65, 78]. The choice of different PDAC samples types, including frozen
and FFPE tumor tissues from surgical resection specimens, plasma or blood serum, each
necessitating different technical approaches during measurement of miRNA expression,
can potentially decrease the comparability of results across studies [79-81]. MiRNA
yields can also be influenced by the length of storage in fixative agents and by the
choice of isolation methods [79, 82]. In retrospective studies, storage time of archived
FFPE samples may also influence the results due to gradual decrease in global miRNA
yield and selective degradation of individual miRNAs [79,83]. Utilization of
microdissection in tissue samples could alter the results by excluding miRNAs from
tumor-associated fibroblasts [57]. The different analytical methods utilized for
quantification of miRNA expression may be an additional source of variability. The
comparison of 12 commercially available platforms based on RT-qPCR, microarrays
and RNA seq demonstrated significant differences in the profile of detected miRNAs
[84]. The choice of normalization can also significantly alter the detected values of

miRNA expression in RT-qPCR [31].

In conclusion, we could not confirm the predictive function of our selected miRNAs,
miR-21, miR-96, miR-148a, miR-155, miR-196a, miR-210 and miR-217, for OS and
PFS in PDAC patients. Values of miRNA expression showed, however, significant
variability among individual studies. Levels of detected miRNAs can be influenced by
several factors, including manipulation with samples, choice of miRNA isolation
protocols, detection methods and normalization. These factors limit the comparability of

miRNA expression results across the literature. Thus, further large-scale studies under



standardized sample procurement and analysis protocols are needed to validate, whether
miRNAs could serve as prognostic biomarkers for PDAC in the clinical setting.
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Figure legend.
Figure 1. Growth patterns in PDAC.

A — tubular (20x magpnification). B — cribriform (20x). C- solid trabecular (20x). D — dissociative

(40x). E — mucinous (20x). F— clear cell (20x).




Tables.

Table 1. Stem-loop primers for the miRNAs.

miRNA name: Stem-loop Primer sequence:
miR-39
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTATTAC

C. elegans

mir-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA

miR-96 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCAAAAATGTG
miR-148a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTCGGAG
miR-155 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCCTATCACG
miR-196a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCCAACAACATG
miR-210 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGCCGCTGTC
miR-217 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCAATCAGTTC

Table 2. Real-time qPCR primers.

Primer name:

Primer sequence:

Universal primer

ATCCAGTGCAGGGTCCGAGG

mir-39 C. elegans

GCGGCGGAGCTGATTTCGTCTTG

mir-21 GCGGCGGTAGCTTATCAGACTG
miR-96 GCGGCGGTTTGGCACTAGCAC
miR-148a GCGGCGGAAAGTTCTGAGACACTCC
miR-155 GCGGCGGTTAATGCTAATCGTG
miR-196a GCGGCGGTAGGTAGTTTCATGTTG
miR-210 GCGGCGGCTGTGCGTGTGACAG
miR-217 GCGGCGGTACTGCATCAGGAAC




Table 3. Clinico-pathological characteristics of 54 PDAC patients.

Age (Median) 63
Gender (male/female) 27/27
Tumor grade (1/2/3) 4/27/23
Tumor stage (pT1/T2/T3/T4) 4/7/41/2
Lymph node metastasis (N1/NO) 37/16
Perineural invasion (yes/no) 47/7
Lymph vessel invasion (yes/no) 29/25
Resection margin (R1/R0) 14/40
PFS length (in months) 0-81
median 13
OS length (in months) 5-81

median

19




Table 4. Average miRNAs fold change values in pancreatic cancers in comparison with
normal tissues. Data are presented as means + standard deviation (SD). Negative fold change
values indicate downregulation of the miRNAs in cancer samples. P-value p<0.05 is considered
as statistically significant. P-values of the Wilcoxon's test for the significant differences are

shown in bold. *Expression of miR-217 was not detected in 15 PDACs.

miRNAs expression fold change
miRNAs
Min Max Mean + SD
12.01 £ 14.242
miR-21 -16.12 72.62 p<0.001
-1.42 +£3.981
miR-96 -18.52 6.22 p<0.001
-1.63 £10.762
miR-148a -55.56 42.3 p=0.08
22.91 +38.526
miR-155 -13.16 232.36 p<0.001
0.913 £5.574
miR-196a -15.38 25.9 p=0.91
15.68 + 28.869
miR-210 -4.0 181.38 p<0.001
-7.45 £ 16.537
miR-217 -100 (0*) 15.87 p<0.001
Total number of patients 54




Table 5. Correlation of expression levels between different miRNAs. Values of the Spearman

rank correlation (p) for the significant differences are shown in bold. P-value p<0.05 is

considered as statistically significant. They are shown in bold, too.

Values of the Spearman rank correlation.

miR-21 | miR-96 |miR-148a miR-155 | miR-196a miR-210 | miR-217
miR-21 1 0.11 0.12 0.48 0.18 0.36 -0.04
p=0 p=0.39 p=0.41 p<0.001 p=0.21 p<0.01 p=0.77
miR-96 0.11 1 0.11 0.12 0.43 -0.004 0.02
p=0.39 p=0 p=0.42 p=0.40 p<0.01 p=0.97 p=0.92
miR-148a 0.12 0.11 1 0.09 -0.16 0.08 0.28
p=0.41 p=0.42 p=0 p=0.54 p=0.26 p=0.55 p=0.048
miR-155 0.48 0.12 0.09 1 -0,06 0.30 -0.11
p<0.001 | p=0.40 p=0.54 p=0 p=0.66 p=0.03 p=0.43
miR-196a 0.18 0.43 -0.16 -0.06 1 0.05 0.04
p=0.21 p<0.01 p=0.26 p=0. p=0 p=0.74 p=0.77
miR-210 0.36 -0.004 0.08 0.30 0.05 1 -0.06
p<0.01 p=0.97 p=0.55 p=0.03 p=0.74 p=0 p=0.69
miR-217 -0.04 0.02 0.28 -0.11 0.04 -0.06 1
p=0.77 p=0.92 p=0.048 p=0.43 p=0.77 p=0.69 p=0




Table 6. Correlation of clinico-pathological characteristics with miRNAs expression levels.

Values of the Spearman rank correlation (p) were used to assess the relationship of

morphological tumor parameters with miRNAs expression. P-value p<0.05 is considered as

statistically significant. This value is shown in bold.

miRNA

Patient parameters

Lymph node | Perineural | Vascular Resection
Age Grade Tumor
metastasis invasion invasion margin
0.22 0.14 0.08 -0.06 0.02 0.01 -0.03
miR-21
p=0.12 p=0.33 p=0.55 p=0.63 p=0.85 p=0.92 p=0.78
0.03 0.003 0.14 0.22 0.07 -0.05 0.05
miR-96
p=0.80 p=0.98 p=0.31 p=0.11 p=0.62 p=0.70 p=0.71
-0.09 -0.15 -0.006 0.12 0.05 -0.09 0.15
miR-148a
p=0.48 p=0.28 p=0.96 p=0.37 p=0.69 p=0.52 p=0.25
0.19 0.02 0.14 0.0243 0.16 -0.006 -0.09
miR-155
p=0.18 p=0.85 p=0.31 p=0.86 p=0.24 p=0.96 p=0.49
0.14 0.05 0.15 0.16 -0.08 0.02 0.19
miR-196a
p=0.31 p=0.72 p=0.29 p=0.26 p=0.53 p=0.89 p=0.14
0.35 0.03 0.03 0.03 0.09 -0.01 0.02
miR-210
P<0.01 p=0.82 p=0.80 p=0.81 p=0.53 p=0.89 p=0.83
-0.24 -0.06 0.15 0.01 0.04 -0.21 0.09
miR-217
p=0.07 p=0.66 p=0.26 p=0.91 p=0.74 p=0.13 p=0.48




Table 7. Correlation of microscopic tumor growth patterns, nuclear atypia and mitotic

activity with miRNAs expression levels.

Values of the Spearman rank correlation (p) were used to assess the relationship of
morphological tumor parameters with miRNAs expression. P-value p<0.05 is considered as

statistically significant. They are shown in bold.

Tumor miRNAs
parameters | 1ir21 | miR-96 | miR-148a | miR-155 | miR-196a | miR-210 | miR-217
Tubular -0.06 0.20 0.39 -0.18 0.07 -0.17 0.28
pattern p=0.64 p=0.14 p<0.01 p=0.18 p=0.56 p=0.21 p=0.03
Cribriform -0.003 0.049 0.010 0.06 -0.07 0.16 -0.07
pattern p=0.98 p=0.72 | p=0.93 p=0.63 p=0.60 | p=0.23 | p=0.60
Solid 0.027 -0.09 -0.21 0.15 -0.06 -0.01 -0.10

trabecular p=0.84 p=0.49 p=0.12 p=0.26 p=0.65 p=0.92 p=0.44

Dissociative -0.04 -0.08 -0.28 0.03 -0.05 0.01 -0.11

pattern
p=0.74 p=0.55 p=0.033 p=0.77 p=0.67 p=0.93 p=0.41

Clear cell 0.158 0.051 -0.005 0.17 0.09 0.19 -0.15
pattern p=0.25 p=0.70 p=0.9 p=0.21 p=0.47 p=0.14 | p=0.27
Nuclear 0.09 -0.038 -0.30 0.11 -0.05 0.04 -0.01

atypia p=0.50 p=0.78 p=0.02 p=0.40 p=0.71 p=0.75 p=0.89
Mitotic 0.18 -0.16 -0.10 0.27 -0.01 0.08 -0.24

activity p=0.16 p=0.22 p=0.45 p=0.046 p=0.89 p=0.54 p=0.07




Table 8. Overall survival and miRNAs expression levels in PDAC patients.

Cox proportional-hazards model was utilized to estimate prognostic functions of

miRNAs. P-value of p<0.05 is considered as statistically significant.

miRNA Parameter | Standard Chi- Hazard | 95% Hazard Ratio

Estimate Error Square P-value Ratio Confidence Limits
miR-21 0.004 0.01 0.156 0.69 1.004 | 0.984 1.025
miR-96 0.023 0.143 0.026 0.87 1.023 0.772 1.356
miR-148a 0.003 0.022 0.023 0.87 1.003 0.961 1.048
miR-155 0.002 0.004 0.556 0.45 1.003 0.995 1.011
miR-196a -0.017 0.045 0.147 0.70 0.983 0.899 1.074
miR-210 0.004 0.005 0.699 0.40 1.004 | 0.994 1.014
miR-217 0.07 0.08 0.776 0.37 1.073 0.917 1.255

Table 9. Progression-free survival and miRNAs expression levels in PDAC patients.

Cox proportional hazards model was used to estimate prognostic functions of miRNAs.

P-value p<0.05 is considered as statistically significant.

miRNA Parameter | Standard Chi- Hazard 95% Hazard Ratio

Estimate Error Square P-value Ratio Confidence Limits
miR-21 0.007 0.009 0.502 0.47 1.007 | 0.988 1.027
miR-96 0.014 0.131 0.011 0.91 1.014 | 0.783 1.313
miR-148a 0.046 0.024 3.605 0.06 1.047 | 0.999 1.099
miR-155 0.003 0.003 0.991 0.31 1.004 | 0.997 1.011
miR-196a | 0,029 0.043 0.440 0.50 0.971 | 0.892 1.058
miR-210 0.005 0.004 1.527 0.21 1.006 | 0.997 1.015
miR-217 0.047 0.076 0.387 0.53 1.049 | 0.903 1.218




Supplementary table 1. Relationship between miRNA expression and patient overall survival.

Univariate Cox regression analysis was performed after logarithmic transformation of

the miRNA expression data. Clinical information and miRNA expression data were

retrieved from the TCGA portal (gdc.cancer.gov) and from the oncolnc.org website [74].

P-value p<0.05 is considered as statistically significant.

95,0% ClI for Exp(B)

B SE Wald df Sig (p). HR
Lower Upper
miR-21-5p 0,175 0,34 0,267 0,606 1,192 0,613 2,318
miR-96-5p -0,066 0,146 0,207 0,649 0,936 0,704 1,245
miR-148a-5p -0,098 0,159 0,377 0,539 0,907 0,664 1,239
miR-155-5p 0,241 0,203 1,406 0,236 1,272 0,854 1,895
miR-196a-5p 0,138 0,076 3,302 0,069 1,148 0,989 1,331
miR-217 0,026 0,051 0,258 0,611 1,026 0,928 1,135

Supplementary table 2. Composition of panels containing the most significant miRNAs for

patient survival.

Review of literature identified several publications analysing TCAG data to select prognostically

significant miRNAs.

Composition of prognostic panels for PDAC

Author

"protective" miRNAs: miR-103-2, miR-125a, miR-126, miR-328,
miR-340, miR-361, miR-374b, miR-454, miR-627 and miR-664

"risky" miRNAs: miR-193b, miR-21 and miR-584

miR-1301, miR-125a, miR-376c, miR-328 and miR-376b

[74]

miR-203, miR-424, miR-1266, miR-1293 and miR-4772

[75]

miR-1197, miR-218-2, miR-889 and miR-487a

[76]



https://gdc.cancer.gov/

