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1. Objectives of the habilitation thesis

The submitted habilitation thesis is a summary of published scientific works of which the
applicant is the author or co-author. These works represent the results of long-term scientific
research activities of the applicant related to renal cell carcinoma, especially in the search for
potential non-invasive biomarkers for diagnosis and follow-up. Outputs presented by the
applicant at international professional conferences are also included. The individual
publications are connected by an accompanying commentary, which puts them in context with
the current state of knowledge in the given issue. The work is divided into three thematically

related parts with the following goals:

1. Introduce the issue of renal cell carcinoma in terms of its occurrence and prognosis of
individual stages and reveal the complex molecular genetic mechanisms involved in its
pathogenesis (chapters Introduction and Molecular genetic mechanisms in the pathogenesis of

renal cell carcinoma).

2. To justify the need to search for biomarkers of this disease, to present the types and individual
groups of biomarkers and possible areas in which these biomarkers are useful in clinical practice

(chapter Biomarkers of renal cell carcinoma).

3. Describe in detail the individual groups of non-coding RNAs and their possible use in the
diagnosis and prognosis of renal cell carcinoma, critically evaluate their benefits and potential
direction of further research in this area (chapters Non-coding RNAs and their use in clinical

practice, Short non-coding RNAs, Long non-coding RNAS).



2. Summary

Despite intensive research, there are currently no reliable biomarkers available for routine
practice for early detection, prognosis, or follow-up of renal cancer including the treatment
response, although it is a cancer with a significant proportion of advanced stages at the time of
diagnosis and thus with a considerable lethality. We therefore rely on the detection of the
disease by imaging examinations (very often incidentally) and we also use imaging practically
uniformly when monitoring patients after surgical or systemic treatment. Non-coding RNAs
whose levels can be determined in tissues and body fluids and which are able to differentiate
tumour tissue from non-tumour tissue and tumour patients from or healthy individuals represent
a significant shift forwards. Presented papers confirm the diagnostic and prognostic value of
many groups of these RNAs. A detailed analysis of the tumour tissue may thus reveal
biomarkers of potentially aggressive renal carcinomas, recurrent tumours or tumours poorly
responsive to treatment. The determination of circulating non-coding RNA levels as a
minimally invasive method of diagnosis fits into the attractive concept of so-called liquid
biopsy of cancer. The results are encouraging. The use of urine as a completely non-invasive
source of biomarkers is also attractive. Here, the data is still premature and insufficient. Last
but not least, in vitro and in vivo tests reveal the therapeutic potential of many of the RNAs
described, which, in combination with novel therapies for metastatic renal cancer, could lead to

prolonged overall and cancer-specific survival in this group of patients.



3. Introduction

According to the latest data, renal cell carcinoma (RCC) accounts for 4.2% of all cancers in
men and 2.6% in women (1). Worldwide, the age standardized incidence (ASR) of RCC is 4.6
cases per 100 thousand in both sexes (16" most common cancer), 6.1 per 100 thousand in males
(10" most common cancer) and 3.2 per 100 thousand in females (14" most common cancer).
Its current mortality is 1.8 per 100 thousand (2). In a long term, the highest incidence has been
reported in Northern America and European countries (Fig. 1). The Czech Republic has had
one of the highest incidences of RCC in world for several decades. The current ASR (14.4 per
100000) is the second highest after Lithuania (14.5 per 100000). In the Czech Republic, age
standardized incidence is 22.1 per 100 thousand for men and 9.9 per 100 thousand for women,

so it is 6™ and 10" most common cancer, respectively (Fig. 2).
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Fig. 1. Incidence and mortality (ASR) of RCC in different regions (2).



10 MAJOR CANCERS, ASR (WORLD) PER 100 000

Male Female
MNon-melanoma skin cancer 78.4 Breast 64.6
Trachea, bronchus and lung 58.7 Non-melanoma skin cancer 58.4
Prostate 56.5 Corpus uteri 18.2
Colon 311 Colon 17.2
Rectum 25.9 Trachea, bronchus and lung 15.7
Kidney 221 Cervix uteri 13.7
Bladder 19.8 Ovary 12.5
Stomach 12.2 Rectum 11.3
Melanoma of skin 1.7 Melanoma of skin 10.5
Pancreas 11.6 Kidney 9.9
All sites 420.1 All sites 307.8

Fig. 2. Age-standardized incidence (ASR) of ten major cancers in both sexes in the Czech
Republic (1).

According to the data of the National Cancer Registry (NOR), the age standardized incidence
and mortality of RCC in 2018 was 14.37 / 100 thousand and 4.01 / 100 thousand, respectively
(3). The development of incidence and mortality in the Czech Republic over time correlates
with the development in other industrialized countries, the highest incidence was reached in
2005, mortality has been slowly declining (or remains at a stationary level) since 2002 (Fig. 3,
4).
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Fig. 3. RCC incidence growth index (1977 — 2018) (3)



C64 - ZN ledviny mimo panviéku
Casovy vyvoj, ASR(W)

Rok | 1977 | 1978|1979 1980|1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Incidence | 5.36| 5.46| 5.36|5.68| 6.44| 6.12| 6.53| 7.05] 7.15] 8.27| 8.61| 8.84| 9.83|10.02| 11.24|11.73|12.09|15.13/14.65|15.29|15.07
Mortalita | 1.99| 2.66| 3.21| 3.44| 3.55| 3.87| 4.04| 4.28| 4.48| 4.81| 4.85| 4.81| 546| 5.73| 5.81| 5.95/ 5.86) 6.86) 7.01| 7.37| 6.73

Rok | 1998 | 1999 | 2000 |2001] 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 20122013 | 2014 | 2015|2016 | 2017 | 2018
Incidence |14.55/14.21]14.47| 14.1/15.34/15.47|15.92|16.1115.07|15.63|15.38|15.41|15.14|15.72|15.37|15.45| 15.9/14.57|15.43| 14.4/14.37
Mortalita | 6.76| 6.62| 6.85|6.57| 6.83] 6.5| 6.22) 6.15| 5.76| 6.11| 5.66| 5.43| 5.52| 5.34| 4.92| 4.75| 4.59| 4.73| 4.37| 4.37] 4.01

Fig. 4. Time evolution of incidence and mortality of RCC in the Czech Republic (3).

RCC is still one of the most lethal urological malignancies. Its five-year relative survival, i.e. a
statistical comparison of the survival of cancer patients and other populations of the same age,
race and sex without tumour (expressed as a percentage of patients who survive 5 years) is
74.8% (4). Of the urological malignancies, only malignant tumours of the penis and ureter reach
lower values, but their incidence is less than 1 case per 100 thousand (Table 1).

Malignancy 5-year relative survival
Prostate cancer 98%

Testicular cancer 95,2%

Bladder cancer 77,1%

Kidney cancer 74,8%

Penile cancer 66,7%

Ureteral cancer 46,5%

Tab. 1. Comparison of five-year relative survival of patients with tumours of the urogenital
tract (4).

The five-year relative survival of patients with RCC is gradually increasing (Fig. 5), but still a
relatively significant proportion of patients are diagnosed at an advanced stage of the disease,
i.e. with regional lymph node involvement or distant metastases (Fig. 6), when the percentage
of surviving patients decreases dramatically (Fig. 7). The increasing proportion of localized
tumours is mainly due to the use of imaging methods from another indication, which
incidentally detect a kidney tumour, which would otherwise manifest itself in the advanced
stage due to localization in the retroperitoneum (5).
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Fig. 5. Time evolution of 5-year relative survival of RCC patients (4).
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Fig. 6. Percentage of RCC stages at the time of diagnosis (4).
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Fig. 7. Comparison of five-year relative survival according to the stage of RCC at the time of

diagnosis (4).

The proportion of clinical stages of RCC in the Czech Republic at the time of diagnosis is

similar, stage IV tumours make up to 20% (Fig. 8).
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Fig .8. The proportion of clinical stages of RCC in the Czech Republic (3).
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In addition to these advanced stages, tumours that progress or recur after primary treatment
generally have a poor prognosis. Thus, it is clear that a prerequisite for effective treatment is
the early diagnosis of RCC and the identification of patients at risk of disease relapse or the

need for further treatment to achieve a better clinical effect.

Published work related to the topic:

Fedorko M, Kiss I, Pacik D. Nadory ledvin. In: Matéjovska KubeSova H, Kiss I, eds.
Geriatricka onkologie. Praha, Ceska republika: Mlada fronta; 2015: 120-124.

The chapter in the monography provides summary information on kidney tumours in terms of
epidemiology, diagnosis and treatment of localized and metastatic disease. It specifically targets
a group of patients older than 65 years, describes the benefits, risks and results of RCC treatment

in the geriatric population.
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8.1 Nadory ledvin

Michal Fedorko, Igor Kiss, Dalibor Pacik

Karcinom z renalnich bunék (renal cell carcinoma - RCC) je nejcastéjsi solidni lézi
ledviny a tvofi pfiblizné 90 % vech malignich nidorii ledvin. Zahrnuje riizné pod-
typy se specifickymi histopatologickymi a genetickymi charakteristikami, ze kterych
nejastéjsi je konvenéni, neboli svétlobunéény RCC, tvofici 70-80 % z renalnich
karcinomii. I kdyZz za poslednich 30 let do$lo k vyraznému zvy3eni relativniho pte-
Zivani pacientii s RCC, stdle se fadi mezi nejletalné&jsi urologické malignity s péti-
letym relativnim pfezitim 71,8 %, RCC reprezentuje 2-3 % vdech malignich nadorii,
jeho celosvétova standardizovana incidence (ASR) pfedstavuje 4,0 pfipadu na 100
tisic a mortalita 1,6 pfipadu na 100 tisic, Vyskyt RCC se v zavislosti na geografické
poloze méni vice neZ desetindsobné, Ceska republika je celosvétové na prvnim
misté z hlediska incidence RCC, hodnota ASR je aZ ¢tyindsobné vy&si, nez je celo-
svétovy primeér, piicemz RCC wofiv CR az 5,6 % viech malignit a je 6. nejéast&jsim
malignim nadorem celkové, 4. u muzil. Incidence nadort ledvin ma vzestupnou
tendenci, mortalita se udrzuje pfiblizné na stejné irovni, respektive je zaznamenan
jeji mirny pokles. Podle tidajii Narodniho onkologického registru byla v roce 2011
ASR 15,34 na 100 tisic, mortalita 5,12 na 100 tisic, hrubi incidence dokonce vice nez
28 piipadii na 100 tisic obyvatel. Nejvy3si hodnoty standardizované incidence bylo
dosaZeno v roce 2005, Z hlediska vékové struktury pacientii s RCC v Ceské populaci
je nejvy3si incidence ve vékové skupingé 65-69 let,

Diagnostika

Variace v hodnotach incidence se ptipisuji rozdilné diagnostické intenzité, Vice
nez 50 % nadorii ledvin je diagnostikovano nahodné neinvazivnimizobrazovacimi
metodami (sonografie nebo CT bficha) indikovanymi pro riizné nespecifické pti-
znaky a jina abdominalni onemocnéni. Narista tak detekce malych nadort,
pfesto je v soucasné dobé stile patrny pomérné vysoky zachyt také objemnych
nddoril, které udrzuji dlouhodobé stabilni troven mortality. Incidentdlni diagnos-
tikou se zvy3uje pocet nadori zachycenych ve stadiu lokalizovaného onemocnéni
(tedy nadoru ohrani¢eného na ledvinu) a v sou¢asné dobé toto stadium predsta-
vuje vice nez 60 %. Incidentalné diagnostikované nadory maji navic ve stovnani
se symptomatickymi nadory vyrazné lepsi prognézu, Klasicka trias piiznakil
(bolesti v boku, makroskopicka hematurie, hmatna rezistence) je znamkou po-
krocilého onemocnéni a v dneéni dobé se vyskytuje pouze v 6-10 %, paraneoplas-
tické syndromy (hypertenze, kachexie, vahovy ubytek, horecky, neuromyopatie,
amyloidéza, zvysena sedimentace erytrocytil, anémie, polycytemie, hyperkalce-
mie, porucha jaterni funkce) se objevuji asi u 30 % pacienti.

Zakladem diagnostiky je zobrazovaci vy3etfeni ledvin, Jakékoliv loZisko na
ledviné, které nema pii ultrazvukovém vysetfeni (UZ) charakter prosté cysty, by
mélo byt doSetfeno CT vySetfenim po aplikaci kontrastni latky, které je nejdiile-

12
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ZitéjSim vysetfenim pro stanoveni povahy expanze na ledviné, Vzhledem k vyssi-
mu vyskytu chronické renalni insuficience (CHRI) v geriatrické populaci je potie-
ba zvazit riziko kontrastni nefropatie spojené s podanim kontrastni latky pri CT
proti riziku nefrogenni systémové sklerézy pfi magnetické rezonanci (MR) s ga-
doliniovou kontrastni latkou. Ackoliv byla MR v minulosti povaZovana za zobra-
zeni volby u pacientii s CHRI, v dnesni dobé se preferuje kontrastni CT s pfipravou
(dostate¢na hydratace pfed a po vySetfeni, nefroprotektivni N-acetyl cystein).
Pokud je nutné provedeni MR u pacientii s CHRI, doporucuje se po vysetfeni he-
modialyza. MR je indikovana u pacienti alergickych na CT kontrastni latku.
Dalsi moznosti pro pacienty s CHRI je provedeni UZ ledvin s kontrastni latkou,
které je kromé CHRI vyuzZitelné i k posouzeni komplexnich cystickych formaci
a odliseni infarktu ledviny nebo kortikalni nekrézy.

Perkutanni biopsie miiZe vyznamné pomoci pfi rozhodovani o lécebné strategii
pacienta s RCC. Jedna se o bezpe¢nou techniku s nizkou morbiditou a zanedbatelnym
rizikem vzniku implantaénich metastaz, zijem o ni proto nariista. Doporudeni stran
indikaci k biopsii na zakladé mezinarodniho konsenzu je uvedeno v tabulce 8.1.
Vzhledem k ¢asté&jsi volbé aktivniho sledovani a abla¢nich technik u starsich paci-
entli ma v pfistupu ke geriatrickému pacientovi s RCC biopsie z tumoru dilezité
misto. Diagnosticka vyt&nost biopsii provadénych v centrech s dostatkem zkuse-
nosti dosahuje 78-97 %, s vysokou specificitou (98-100 %) i senzitivitou (86-100 %).
Naproti tomu az 22 % biopsif miiZe byt nevytéZnych, stanoveni gradingu podle Fu-
hrmanové je v bioptickém vzorku nepfesné a biopsie se nehodi pro cystické léze.

Strategie lécby

Volba vhodné strategie 1é¢by u geriatrického pacienta s RCC vyzaduje dikladné zhod-
noceni stavu onemocnéni (stadium, progndza) a stavu pacienta (ofekavana doba
Zivota, performance status, komorbidity, pfedchozi 1écba, spoluprace pacienta).

Chirurgicka lécba a jeji alternativy
Zakladem lécby RCC je lé¢ba chirurgicka, ktera spociva v kompletnim odstranéni
ledviny s nadorem (radikdini nefrektomie) nebo nefron Setfici operaci (nefron

Tab. 8.1 Doporuceni pro biopsii z tumoru ledviny

Kiinicka situace Blopsie ANO/NE/kdy

ablacni metody ANO - vidy
pured vs. po kryoablaci pred ablaci
o ANO - s vyjimkou jasné diagnézy
rozhodovani o strategil Iécby (symptomy, vzhled pii zobrazovacim vy3etieni)
W""*“""""" Vhiedpfizobrazovadm | e nonfindikovans
konzervativni lécba nezvaZovana NE - neni indikovana
jiny primarni tumor ANO - doporucuje se
predchozi léze na ledviné ANO - doporucuje se
vicecetné synchronni tumory ANO - ze viech tumort, pokud je to moZné
aktivni sledovani ANO - doporutuje se
watchful waiting NE - nedoporucuje se

13
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sparing surgery - NSS), tedy odstranéni asti ledviny s nadorem (resekce ledviny
neboli parcialni nefrektomie). Oba tyto zplsoby 1é¢by maji u malych nadori (do
4 ¢cm) srovnatelné dlouhodobé onkologické vysledky, Ize je provést otevienou
cestou nebo laparoskopicky. Vyhodou NSS u starSich pacientii je mensi poSkozeni
rendlni funkce a s tim spojeny mensi vyskyt proteinurie a CHRI. Tumory nevhod-
né pro NSS (vétsi nadory, nadory lokalizované v blizkosti rendlniho hilu) mizou
byt bezpe¢né léceny radikalni nefrektomii i ve vy$3im véku. Opera¢ni lé¢ba ve
vékovych kategoriich nad 75 let a nad 80 let je zatizena nizkou mirou komplikaci,
a samotny vék by proto nemél byt kontraindikaci chirurgické lécby.

Aktivni sledovani (AS) je moznosti pro pacienty ve Spatmém celkovém stavu (Cet-
né komorbidity, vysoké riziko operace) nebo pro pacienty, ktefi odmitaji jiné zpi-
soby aktvni lécby. Tato strategie se opira o udaje z nékolika metaanalyz, které
prokazaly pomaly rist malych nadori ledvin (0,28-0,4 cm/rok) a nizké riziko vzni-
ku metastaz (1-2 %). Ve skupiné letitych pacientii (primémny vék 76,6 roku) ve
$patném celkovém stavu (ECOG 2-3), s ASA kategorii 3 nebo ¢etnymi komorbiditami
bylo pfi AS prokazano celkové pétileté preziti 43 %, nadoroveé specifické preziti az 93
% (dokonce 100 % pro nadory mensi nez 4 cm). Dal$im argumentem pro tuto stra-
tegii je to, Ze z radiologicky podezielych malych nadori ledvin jsou v 20-25 % pfipa-
di benigni léze, Pacient, kterému je nabidnuto AS, by mél byt poucen na jedné
strané o tom, Ze ma potencidlné letalni nador a ani nulovy riist neznamena s jisto-
tou benigni charakter, na druhé strané musi byt ubezpecen, Ze v piipadé progrese
je mozna aktivni 1é¢ba se stejnymi vysledky jako v pfipadé ¢asné intervence. Pokud
s ohledem na stav a vék pacienta neuvazujeme o piipadné aktivni 1é¢bé, tuto stra-
tegii oznafujeme pojmem pozorné vyckavani (watchful waiting).

Alternativou k chirurgické 1é¢bé (pokud se jedna o malé nadory ledvin) jsou
metody, které pouZivaji rizné fyzikalni principy k destrukci nadoru. Oznacuje-
me je pojmem ablaéni metody. Nejcastéji pouZivanymi zplisoby ablatnich metod
jsou kryoablace a radiofrekven¢ni ablace tumoru ledviny (fadf se mezi tzv. ter-
malni ablace). 1ze je provést perkutanné, laparoskopicky nebo otevienou cestou.
Cilem je snaha o zachovini renalni funkce s dodrzenim zasad onkologické bez-
pecnosti. Z hlediska starsich pacientii je nevyhodou absence dat z dlouhodobého
sledovani, kratkodobé vysledky jsou vSak slibné a srovnatelné s chirurgickou
1é¢bou. Riziko lokalni recidivy je sice vy33i nez v ptipadé chirurgické 1écby, tuto
1é¢bu je vSak mozZno v pripadé potfeby opakovat. Na druhou stranu je potfeba
pacienta poudit, Ze pfipadna chirurgicka lécba v pfipadé progrese nalezu maze
byt v terénu fibrézy velmi obtizna. Ackoliv neexistuji cilené studie na starsi
populaci, obvykle jsou tyto metody nabizeny pacientim ve vy$sim véku, s ko-
morbiditami a vy$§im rizikem anestezie, v dostupnych studiich je az polovina
pacientii ve véku 70 let a vice.

Lécba metastatického onemocnéni

Zatimco v 1é¢bé primarniho nadoru & solitarni metastazy je zakladni lé¢ebnou
modalitou chirurgicka resekce ¢i jeji alternativy (ablativni metody), v 16¢bé meta-
statického, neresekabilniho onemocnéni je to systémova lécba multikinazovymi
inhibitory (sunitinib, pazopanib, sorafenib, axitinib), bevacizumabem v kombi-
naci s interferonem alfa nebo mTOR inhibitory (temsirolimus a everolimus). Algo-
ritmus lé¢by a sekvence jednotlivych linii 1écby jsou shodné s pacienty mladsimi
avychazi ze skorovaciho systému MSKCC kritérii, na jejichz zakladé maji pacient
prognézu dobrou, stfedni ¢i Spatnou. Sezohlednénim histologického typu nadoru
a prognostické klasifikace jsou doporuceny jednotlivé lécebné sekvence.

14
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MSKCC kritéria a hodnoceni prognézy onemocnéni: LDH > 1,5nasobek horni
hranice normy, hemoglobin < dolni hranici normy, korigované sérové kalcium
> 2,5 mmol/l, Karnovsky index < 70 %, interval < 1 rok od diagnézy do zahdjeni
systémové lécby,

Prognoéza dobra: Zadny faktor; prognoéza stfedni: 1 nebo 2 faktory; prognéza
Spatna: 3 a vice fakrord.

Vysledky systémoveé lécby a jeji tolerance u starSich pacient byly hodnoceny v fadé
klinickych studii a retrospektivnich hodnoceni. Nejvice informaci je publikovanych
u star$ich pacientii lé¢enych sunitinibem, kde vysledky ukazuji srovnatelny efekt
a toleranci 1é¢by u pacientl pod a nad 65 let. Tyto vysledky byly statisticky srovnatel-
né v parametrech dosazené 1éCebné odpovédi RR 17 : 17 %, medianu doby do relapsu
onemocnéni mPFS 11,3 : 10,9 mésice a medianu pfeziti mOS 18,2 : 18,4 mésice. Tyto
vysledky byly srovnatelné také pfi srovnani pacient nad a pod 70 let, a to u pacientQ
v kategorii pfedlécenych cytokiny ¢i dosud nelécenych (tab. 8.2).

Obdobné vysly vysledky retrospektivni analyzy studie TARGET v pfipadé sorafeni-
bu. Vy3si vék neni negativnim rizikovym faktorem u pacienti l1é¢enych VECF inhi-
bitory. Obecné Spatnym prognostickym faktorem jsou komorbidity a horsi celkovy
stav pacientil. Vy33i vék pacienti s nadory ledvin je provazen etnéj$imi komorbidi-
tami a hor$im stavem, coZ se v praxi projevuje raritnéjsi indikaci k 1é¢bé ve I1. linii,
23% : 39 % v neprospéch pacientli nad 75 let.

Tab.8.2  Efektivita Iéby metastatického rendiniho karcinomu u starSich pacienti ve srovnani s pacienty
miadSimi

Studie Polet pacientd mPFS (mésice) mOS (mésice)
Khambati (2014) 1381 55 16,8
=75let  sunitinib, sorafenib 144 15 198
<75 let 1237 p=0,1388 p=03321
Hutson (2014)

sunitinib

=70 let 202 1.0 256
<70 let 857 99 236
INF-0t

>70let 61 79 175
<70 let 299 5.0 22,7
Gore (2009)

sunitinib

=65 let 1418 n3 18,2
vSichni 437 109 184
Jager (2015)

sorafenib 1. linie

63%

=70 let 532 6, -
<70 let 1765 78 -
Kazuistika

V roce 2013 jsme diagnostikovali tehdy 8lleté pacientce objemny nador pravé ledviny,
ktery se manifestoval makroskopickou hemarurii a renalni kolikou vpravo, Jiz vstup-
ni vySetfeni prokazalo expanzi na pravé ledvinég, cilené CT vySetfeni potvrdilo roz-
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4

sahly ramor velikosti 10 cm na pravé ledviné
s podezfenim na infiltraci okolnich organi.,
Vstupni hodnota kreatininu byla 93 pmol/l,
podil funkce pravé a levé ledviny byl 53 % :
47 %. Pacientka prodélala pfed mnoha lety
infarkt myokardu, 1é¢ila se s hypertenzi. Po
anesteziologické strance byla hodnocena
jako kategorie ASA III-IV, schopna operace
s vysokym rizikem. Vzdalené metastazy ne-
byly prokazany. U pacientky byla provedena
radikalni nefrektomie vpravo (podezfeni na
infiltraci okolnich organi se nepotvrdilo),
histologické vySetfeni prokazalo svétlobu-
nécny karcinom z rendlnich bunék, infil-
trujici perirenalni tuk (stadium pT3a). Sa-
motna operace i poopera¢ni priibéh byly bez
komplikaci, nyni je pacientka 2 roky od
operace bez znamek lokalni recidivy ¢i me-
tastaz, v dobrém celkovém stavu, pravidel-
né sledovana, hodnota kreatininu je 119
pmol/l. Tento konkrétni pfipad demonstru-

¥ e

CT ledvin s kontrastni latkou zobrazujici objem-
ny nador v koronarnim i sagitalnim fezu pravou
ledvinou

je pfinos a dobry vysledek operacni lécby i ve vysokém véku, navic u nadoru, ktery
byl symptomaticky a svym rozsahem lokalné pokrocily.,

Shrnuti pro klinickou praxi

Ceska republika je zemi s nejvy3si incidenci rendlniho karcinomu ve svété, Chi-
rurgicka lé¢ba RCC je bezpedna i pro pacienty ve vy38ich vékovych kategoriich,
aktivni sledovani nebo ablaéni metody pfedstavuji v geriatrické populaci vhodnou
alternativu chirurgické lécby RCC. V piipadé metastatického onemocnéni je 1écba
multikinazovymi inhibitory dobfe tolerovana i populaci starSich pacienti a jeji
efektivita je srovnatelna s vysledky 1écby pacient mladSich vékovych kategorii.
Vy33i vék tedy neni limitujicim faktorem pro chirurgickou léébu ani lé¢bu sys-
témovou, rozhodujici je celkovy stav pacienta, jeho komorbidity a jeho redlna

ofekavani z vysledku lécby.
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4. Molecular genetic mechanisms in the pathogenesis of renal cell

carcinoma

The vast majority of renal cell carcinomas are sporadic tumours (96%), the remainder being
familial tumours manifested in known hereditary syndromes characterized by specific gene
mutations, the histological subtype of RCC and comorbidities. Research into hereditary forms
of RCC has led to the elucidation of the basic molecular genetic pathways of the pathogenesis
of RCC with a significant impact on new therapeutic approaches, especially the so-called
targeted treatment. These are the VHL / HIF cascade, PI3K / AKT / mTOR, Wnt / 3-catenin,
HGF / MET, epithelial-mesenchymal transition and other genetic and epigenetic alterations (6).
In this chapter, these mechanisms are briefly described mainly for their significant influence by
short and long non-coding RNAs, which can be used as diagnostic, prognostic and therapeutic

biomarkers on the basis of these interactions (7).
VHL/HIF pathway

Molecular genetic studies in patients with von Hippel-Lindau (VHL) disease led in 1993 to the
identification of the VHL tumour suppressor gene, which is located on the short arm of
chromosome 3 (3p25-26). As with other solid tumours, RCCs are characterized by a state of
hypoxia due to an imbalance between oxygen supply and consumption. A critical regulator of
the hypoxic response is a mutation in the VHL gene. The VHL protein, together with other
factors, forms a complex that is responsible for the degradation of so-called hypoxia inducible
factors (HIF). These factors further regulate the expression of more than 200 genes whose target
proteins significantly affect angiogenesis, glucose metabolism, invasion, mitogenesis, cell
proliferation and survival and development of metastasis (VEGF, PDGF, EGFR, TGFa, Glutl,
MUC1 and others). Under hypoxic conditions in the absence of VHL, HIF-1a and HIF-2a are
stably expressed and induce the production of VEGF and other mentioned factors (Fig. 9). VHL
inactivation is responsible for virtually all familial clear cell RCC (ccRCC) and at least 2/3 of
sporadic ccRCC. Inactivation of both VHL gene alleles is necessary for RCC - in case of VHL
disease one allele is inherited mutated and mutation of the other leads to RCC, in case of
sporadic ccRCC both alleles are inactivated after birth, which leads to late RCC and unifocal

occurrence (8).
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Fig. 9. VHL/HIF pathway. Adapted from Bratslavsky et al. (9).
PIBK/AKT/mTOR

Protein kinase 3 (AKT) and mammalian target of rapamycin (mTOR) significantly affect cell
proliferation, cell survival, and angiogenesis. Binding of VEGF and PDGF to their receptors on
tumour cells activates PI3K and leads to overproduction of PIP3, thereby transferring
cytoplasmic AKT to the cell membrane, where it is activated. Activation of AKT results in
inhibition of apoptosis by both inactivation of proapoptotic proteins (such as procaspase 9) and
impaired degradation of proteins that promote cell cycle (e.g., cyclin D1) or proliferation (c-
myc, B-catenin). Stimulation of mTOR production positively regulates cell cycle protein
synthesis. The mechanism of AKT activation in tumours is probably through the decreased
expression of the tumour suppressor gene PTEN (10). In addition, mTOR activation further

stimulates HIF production and is therefore involved in the VHL / HIF cascade, too.
Whnt/f-catenin

Whnt is a family of glycoproteins that regulate cell proliferation, differentiation and migration.
The final effector of Wnt is B-catenin, a transcriptional co-activator that enters the nucleus and
activates the transcription of oncogenes, such as MYC. Increased B-catenin production is also
described in the case of VHL inactivation, which may be another way in which VHL is involved
in the pathogenesis of RCC. Wnt also stimulates the mTOR cascade by inhibiting GSKS3.
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Epithelial — mesenchymal transition

The kidney is of mesenchymal origin and the process of mesenchymal-epithelial transition
results in the formation of epithelial structures, which further develop into nephrons. In the case
of ccRCC, this process is reversed, i.e. epithelial-mesenchymal transition (EMT), which is a
necessary prerequisite for the development of metastases. EMT requires activation of several
transcriptional regulators (ZEB1, SIP1, Snail, Slug), whose target protein is E-cadherin (crucial
for the epithelial phenotype). Loss of E-cadherin leads to dissociation of intercellular junctional
complexes. Furthermore, the repression of E-cadherin releases -catenin, which activates the
transcription of mesenchymal markers (vimentin, fibroblast-specific protein 1). And, as with
the aforementioned signalling pathways, the absence of VHL with overproduction of HIF-1a
may be one of the factors leading to downregulation of E-cadherin. Interesting is the action of
TGF-pB, a multifunctional cytokine involved in EMT, which in normal cells acts as a tumour

suppressor, but in the microenvironment of tumour cells acts as a promoter (11).
HGF/MET

Changes in the expression of hepatocyte growth factor (HGF) and its c-MET receptor are
associated with the development of hereditary papillary RCC (pRCC). Mutations in the MET
gene are also observed in 5-13% of sporadic pRCCs. MET phosphorylation stimulates the
growth and metastasis of RCC by activating the PI3K / AKT and Ras / MAPK cascades. In
addition, it induces the phosphorylation of B-catenin and subsequent transcription activation.
However, HGF is also related to VHL expression in RCC tumour cells: the higher VHL

expression, the more suppressed p-catenin production by HGF.
Genetic and epigenetic alterations in RCC

Genetic alterations are mainly gene mutations of various tumour suppressor genes, while
epigenetic changes (i.e. without changing the nucleotide sequence of DNA) are changes in
chromatin, the remodelling of which can activate regulatory factors, such as transcription
factors in chromatin DNA. These are usually changes in histones (methylation, demethylation,
acetylation) or ATP-dependent remodelling complexes. The most important chromatin
remodelling genes include PBRM1 (mutated in up to 41% of ccRCC), SETD2 or BAP1 (12).
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5. Biomarkers of renal cell carcinoma

RCC is considered a primary surgical disease because it can only be cured if it is localized and
thus surgically removable. The diagnosis is based on imaging, either specifically due to the
suspicion of a focal process (but the clinical suspicion usually indicates a locally advanced or
metastatic tumour), or the kidney lesion is diagnosed incidentally, by imaging from another
indication (more than half of all cases). Several studies have argued in favour of early diagnosis,
showing a lower stage of the disease and a better prognosis of accidentally detected tumours
compared to symptomatic tumours (13). In contrast, there is a group of small tumours (up to 4
cm) in which up to 20% are benign and clinically insignificant tumours for which early
detection would lead to unnecessary diagnosis and treatment. Imaging examinations may
therefore not reliably distinguish between benign and malignant tumours, tumour biopsy has its
exact indications and is not routinely recommended (14). The exclusive role of imaging
methods in the diagnosis and follow-up of RCC patients (as well as in the screening of selected
group of patients such as end-stage renal disease or hereditary forms of RCC) could be changed

by the identification of sufficiently accurate biomarkers.

In general, biomarkers of renal cell carcinoma can be divided into (i) biomarkers for early
detection of RCC, (ii) diagnostic biomarkers for individual RCC subtypes, (iii) prognostic
biomarkers, and (iv) biomarkers for prediction of treatment response (15).

In terms of early detection, there is currently no biomarker available in routine clinical practice
and this topic is therefore a relatively urgent challenge, as there is still a relatively significant
proportion of advanced forms of RCC at the time of diagnosis compared to other malignancies.
The detection of aggressive tumours with highly malignant potential among so-called small
tumours is also a challenge. Non-invasive detection assumes the presence of this biomarker
ideally in the blood (e.g. M2 pyruvate kinase, circulating VEGF, carbonic anhydrase 9, TATI,
M65) or urine of the patient (NMP22, AQP1, KIM-1, proteomic or metabolomics analysis).

Proteomics and metabolomics as an alternative way of identifying RCC have not yet found
wider application in clinical practice. Research on the urine proteome / metabolome is
particularly attractive. The main goal of proteomics is to detect quantitative and qualitative
differences between normal and pathological samples and to identify differentially expressed
proteins (16). Metabolomics examines endogenously produced metabolites in urine. In the case

of RCC, metabolic activity is characterized by disorders of energy metabolism (glycolysis,
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metabolism of amino acids and fatty acids), which are essential for cell growth and proliferation
@an.

The term “liquid biopsy” is generally used for the attractive non-invasive alternative to a
standard biopsy in order to obtain diagnostic tumour material (18). In relation to the early
detection of RCC, its purpose could be to detect a micro-cancer that cannot be revealed by
imaging. Although peripheral blood is usually mentioned as a fluid in this context, it can also
be urine or cerebrospinal fluid. In this way, circulating tumour cells (CTC), tumor-derived cell-
free DNA (ctDNA), tumor-derived cell-free miRNAs or extracellular vesicles (exosomes) can
be detected. However, in the case of localized RCC, the evaluation of ctDNA and CTCs is very
difficult compared to other solid tumors (19). Therefore, CTC detection tends to focus on
metastatic RCC, where baseline positivity may be a prognostic marker of progression-free

survival (20).

Diagnostic biomarkers to differentiate histological subtypes of RCC are used in
immunohistochemical examination of tumour tissue. One specific biomarker for a particular
subtype is not available, so the expression profiles of several proteins are determined. These
can be enzymes (carbonic anhydrase 9), cytoskeletal proteins (vimentin, keratins), adhesion
proteins (E-cadherin), CD proteins, transcription factors, glycoproteins or immunoglobulins.
Prognostic biomarkers are expected to correlate well with the clinicopathological
characteristics of the tumour and to be used in monitoring disease progression and patient
survival (Bcl-2, survivin, Ki-67). At the time of targeted biologic therapy with tyrosine kinase
inhibitors, mTOR inhibitors, and anti-growth factor antibodies, the use of predictive
biomarkers of treatment response (e.g. high expression of carbonic anhydrase 9 in ccRCC
associated with a favourable response to sorafenib and sunitinib, decreased VEGF levels during
treatment, blood neutrophil-to-lymphocyte ratio) is very appropriate. Anyway, in the case of
metastatic RCC, only MSKCC and IMDC risk scores have been validated as prognostic tools
and included in relevant international guidelines (21). That is why research in the field of renal

cancer biomarkers is increasingly focused on metastatic RCC.

One of the most important changes in the treatment of advanced stages of RCC in recent years
has been the introduction of immune checkpoint inhibitors, i.e. drugs that block the inhibitory
checkpoint molecules CTLA-4 and PD-1. The main well-studied biomarkers of immune
checkpoint blockade, PD-L1 expression and tumour mutational burden did not demonstrate

sufficient predictive ability (22, 23). Limitations on the use of PD-L1 expression include its
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intra-tumoral heterogeneity, heterogeneous expression between primary tumor and metastases,
unclear cut-off value defining positivity and variability of expression depending on sample age,
previous treatment, analysed cell population or assay choice (24). Therefore, the search for

other biomarkers is also fully justified here.

Published work related to the topic:

Fedorko M. Diagnostické moZnosti ¢asného zjiSténi nadoru ledvin, role nadorovych

markeru p¥i stanoveni dalSiho postupu. Urol List 2011; 9(4): 7-11.

The review describes the issue of screening and early detection of RCC, known molecular
biomarkers of renal cell carcinoma and their potential clinical applications based on the

knowledge of the time.
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Diagnostické moznosti
¢asného zjisténi nadord
ledvin, role nadorovych
marker0 pfi stanoveni
dalSiho postupu

. Fedoko

SOUHRN

INCidence karcinomu keaviny ceicevétovd stoupd. Z urclogicky'ch NA0or ma po karcinomu prostaty 3 kar-
cinomu mobvéno mécryie tieti nejvyESi mortalitu. Progndzu wznamné oviviiue patologickd stadium
a biologickd povana nadory. V SouVisiosti S pokroky v Moekulami genetice a tzv. cilend BEDd karcinomu
leaviny aochdzi k wyileni novych Diologickych markerd, kterd 2jména pii stanoveni prognazy anemocnéni
dopliuji tradicni kKinickopatologické charakieristiky tumonu. Spolenlivé biomarkery by mohly mit dibegity
dopad nejen na stanoveni progndzy onemocnéni a piedpovad efekiu BEDy, ale i na Easnou detoke karci
nomu lecviny. Clanek piind& pfehled Bchto potencidinich biomarkerd a mozZnosti jejich wuditi.

SUMMARY

RENAL CANCER EARLY DETECTION, THE ROLE OF TUMOUR MARKERS IN FURTHER DIAGMNOSTIC,
THERAPEUTIC AND PROGNOSTIC STRATEGY

Incidence of renal cell carcinoma incresses worldwide. [t has the thind rIiEI'EST mDﬂElit}' EI‘I'ICII'IE LJI'CIlDEiD-Eil
malignancies, folowing prostste and bladder cancer. ts prognosis is highly related to pathological stags
and binlogic:al behaviour. With the recant advances in molecular EBI'BUCS and tEI'@[BEI TI'BI'EFI'BS, novel
Diomarkers in renal call carcinoma continue to be Mlﬂmﬂ. Thesa Diomarkers nave baan used TC@“'EF
with traditional C|iI1iCD|JEmG|DEiB\|aI'iEDh5 in astimating pmgnnsis of renal call carcinoma. As well as pre-
diction of prognosis and therapautic benefit, reliable biomarkars could have an important impact on earty

diagnosis, to0. The articke reviews these potential biomarkars.

Karcinom z rendlnich bunék (RCC - renal
cell carcinoma) predstavuje 2-3 % vsech
zhoubnych nadord dospélého véku [1]. Je
nejéastéjsi solidni 18zi ledviny a tvofi aZ
90 % vSech zhoubnych nadord ledvin.
Zahrnuje nékolik subtypl se specifickymi
histopatologickymi 8 genetickymi charak
teristikami [2] - kormvenéni renalni karci
nom (oznacovany i jako svetlebunécny)
(70-80 %), papilarni renalni karcinom
(15 %), chromofobni rendini karcinom
(5 %), karcinom 22 sbémych kanalki a me-
duldrni karcinom (< 3 %) a neklasifikovany
renalni karcinom. JiZ v case diagnazy ma
25-30 % pacientd metastézy a a7 u 30 %
pacientd dochazi ke vzniku metastaz po

chirurgické |&Ebé, tradicné 30-40 % pa
cientd s RCC umird kvOli samotnému
nadoru [3]. Pro progndzu pacienta ma tedy
Zjisténi nadoru v Gasném stadiu kliovy
vyznam. Celosvétova standardizovand
incidence (ASRW) RCC je 4,0/100 000,
mortalita 16/100 000 [1]. AZ na vijimky
v podobé nékterych statd e od 70. let
pozorovat postupné zvySovani incidence
RCC rocné o 2-3 % jak v ramci Bvropy. tak
celosvétové [4,5], cof Ize vysvétlit castef
&im provadénim ultrazvukového a CT wy-
Setfeni biicha pro rizné bfisni potiZe a jind
onemocnéni. Tento trend koreluje s vyssim
poctem incidentalné zjisténych a lokalizo-
vanych nadorl a se zlepSenim pétiletého
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Diagnostickt moZnost Easného zjistEnl nadord ledvin, role nadorovyich markerd pri stanoveni dalého postupu

preZivani pro pacienty v tomto stadiu
onemocnéni. Od konce BO. a zafatku
0. let lze v Evropé pozorovat obecné
stabilizaci a sniZovani mortality na RCC,
i kdyZ jsou naddle nékteré stity, kde
mortalita stoupa (Chorvatsko, Estonsko,
Recho, Irsko, Slovensko) [6]. CR je celosve-
tové na prvnim misté z hlediska incidence
RCC - v roce 2008 byla standardizovana
incidence 14,89/100 000, standardizovana
mortalita piedstavovala 5,4/100 000 [7].

Studium familidrnich syndromi spoje-
nych s karcinomem ledviny vedlo k wz-
namnym pokrokdm v pochopeni moleku-
larni genetiky RCC, byly rozpoznany
a charakterizovany tumor supresorové
geny a onkogeny podilejici se na vzniku jak
familidrnich, tak sporadickych nadord
s pfimym & priznivim dopadem na l&chu
pacientd v pokrodilém stadie RCC [3].
Meustale pribyvajici nové molekularni
markery, i ty jiz tradicni, jsou nadile
zkoumany s cilem jejich wyuZiti v detekci
nador(, pn odhadu odpovédi na lecbu,
progrese a stanoveni dalsi progndzy
onemocnéni.

SCREENING A CASNA DETEKCE
NADORU LEDVIN

Vzhledem k lokalizaci ledviny v retroperi-
toneu jsou ve vetsing pripadd nadory led
vin asymptomatické a mehmatné az do
pokmoilého stadia onemocnéni. Diky
extenzivni zobrazovaci diagnostice je vice
nef 50 % tumord detekovano nahodné [8],
tyto tumory jsou obvykle ohranifené na
ledvinu a maji lepsi progndzu - pozitivoi
efekt éasné a incidentaIni diagnostiky RCC
byl prokdzan v mnoha studiich [3). Kar-
cinom ledviny jako primamé _chirurgicka*
diagndza je tedy atrakiivnim cilem pro
screening, jeho implementace ma vsak
nékolik omezeni [9], a to hlavné nizkou
incidenci RCC (ASR 127100 000/rok -
uvadén Odaj z USA), pfi které by screenin-
gowy test musel mit prakticky 100% speci-
ficitu. | kdyby mél dany fest 100% spe-
cificitu a senzitivitu, vyigZnost by oyla tak
nizka, Z pomér ceny a efektivity by byl
nepfiznivy. Dokonoce 1 pii selekci pacientd
s rizikovymi Taktory, jako jsou muZské po-
hlavi, vysSi vék nebo koufeni, je wieZnost
mala, protoZe relativni riziko spojené

Tab. 1. Screening karcinomu ledviny - cllové skupiny [3].

Pacienti v koneéném stadiu onemocnéni ledvin

pouze pacienti s delsim otekavanym pieiivanim a bez viznamnych komorbidit
periodické sonografickeé a CT vyéetfeni od tietho roku dishzy

Pacienti s von HippetLindawovou nemoci

CT vySetieni nebo sonografie kazdé dva roky podinaje 15.- 20. rokem Zivota
perodicky klinicky a radiokogicky screening non-rendinich projevil
Pfibuzni pacientll s von HippelLindauovou nemoci

geneticke vysetreni

pii pazitivnim nalezu screening jako u pacientd s von Hippellindauovou nemoci
pfi negativnim nalezu bez zvlastniho dopomnuée ni, sledovani vhodné
Pfibuzni pacientd s jimfmi formami familidmiho karcinomu ledviny

peniodicky sonografie nebo CT vySetieni
vaieni genetického vysetieni

Pacienti s tubertzni skdenizou
penodické sonografické a CT vySetfeni

s témito faktory je maximalngé dvou a2
trojnasobné [10]. Dalsi limitaci jsou kiF
nicky insignifikantni nadory, ke spolu
s benignimi nadory tvofi 10-20 % viech
Iézi a jejich? detekce by vedla k nad
ytecné diagnostice & lecbé [11]. Hod
noceni wysledkl screeningu s chemickym
vysetienim moci k defekci hematurie,
sonografickym vySetfenim nebo CT wy-
Setiemim biicha potvizuje kontroverzi po-
pulacniho screeningu RCC. CT screening
zachyti vétsi mnoZstvi naderd ohra
nicenych na ledvinu a jeho vytéZnost je
wyaSi (v riznych studiich udavano Siroké
rozmezi 23-300 nadord na 100 tis.
vySetfovanych [3]), je viak stile povaic
vana za relativné nizkou a vzhledem
k cené vySetfeni nelze povaiovat fento
screening za efektivni [12].

V soucasnosti ma screening RCC vy
znam u presné definovanych cilowych
skupin - pacienti v koneéném stadiu one-
mocnéni ledvin, se ziskanou polycystozou
ledvin, tuberdzni sklerdzou a familidrnimi
formami RCC ({tab. 1).

Kromé incidentalniho radiologického
vySetfovani neni v soucasné dobé k dis
pozici Zadna spolehlivd diagnosticka
metoda pro Casnou detekei RCC. Pohled
na ¢asnou detekci a screening karcinomu
ledviny by mohla zménit pravé molekulémi
diagnostika a detekce biomarkerd RCC
v moci a seru.

MOLEKULARMI MARKERY
KARCINOMU LEDVINY

Pochopeni molekularnich zakladG von
Hippelovy-Lindauovy nemoci (VHL) snad
nejlépe ilustruje velky terapeuticky poten-
cidl odhaleni molekularnich mechanizmi
onkogeneze [13]. VHL jako familiarni
forma konvenéniho karcinomu ledviny
(clear cell renal cell carcinoma - CCRCC),
ktery mprezentuje 70-80 % vSech renak
nich karcinomd, je spojena se ztratou
funkoe VHL genu, tedy mutaci Gi inaktivaci
obou jeho alel. Defekt VHL genu byl viak
prokazan i u pablizné 60 % sporadickych
CCRCC [14]. Inaktivace VHL genu zatim
nebyla prokazana u jinych histologickich
subtypd RCC, je tedy specifickda pro
CCRCC. Defekt VHL proteinu vede K aku-
mulaci HIF 1A (hypaxiz-inducible factor)
a nadmérné expresi proteind typickych pro
stav hypaoxie, fyto proteiny viak soutasné
indukuji angiogenezi (VEGF - vascularendo-
thelial growth factor, PDGF - plateled
derived growth factor), bunécmy rist
(TGF-zx, TGF- - transforming growth factor
alfa, beta), oviiviuji wchytavani glukdzy
(GLUT1), acidobazickou rovnovahu (CA IX -
karboanhydraza [X) a podporuji rist na
dorovych bunék. Pasobeni TGF-c na EGFR
{epidermal growth factor receptor) dale
stimuluje proliferaci nadorovych bunék
[15]. Cilena inhibice HIF kaskady se stala
doporudenou lecbou metastatickeho kar-

Urod List 2011; 9(4): 7-11
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cinomu ledviny [16]. Jednotlivé soucasti
HIF kaskady zafaly byt zkoumany i jako
moZné prognostické faktory RCC. Po
stupné se spektrum moZnych prognostic-
kych a prediktivnich biomarkerd rozsifilo
o dalsi skupiny (tab. 2).

Biomarkery HIF kaskédy
Hladiny exprese VEGF jsou u riznych sub-
typd RCC rozdiiné a koreluji 5 velikosti
nadoru @ pTNM stadiem [17]. Vysoké hla-
diny v tumordzni tkani jsou negativnim
prognostickim znakem. Nadméma express
VEGF, izoforma A, je popisovana u CCRCC
5 agresivnim biologickym chovanim a hor-
§im pfeZivanim pacientd [18]. ZhorSeni
progndzy pacientd s vysokymi hladinami
exprese VEGF a VEGF-R bylo potvrzeno
iv dalSich studiich [19]. Nezavislym nega
tivnim prognostickym faktorem CCRCC je
i samotna zvySena exprese HIF1A [20].
Karboanhydraza [X ovlviuje za nor-
malnich okolnosti regulaci pH na bunééné
Urovni v pfipadé hypadie. Je expimovana
témeér wylucné u svétiebunécného karci-
nomu ledviny, velmi vzacné u ostatnich sub-
typO RCC. WV normalnich tkanich je exprese
prokazatelna v Zaludecni sliznici, Zluco-
vodech a pankreatu - expresi v normalnich
epitelialnich renalnich bunkach blokuje
pravé VHL protein [3]. Studie analyzujici
imunohistochemickymi metodami prepa
raty po nefrektomii prokazaly zviSenou
agresivitu tumord 8 horSi pfeZivani pa-
cientd s CCRCC v pfipadé nizké exprese
CA IX [21,22]. Navic byl prokazan wztah
mezi expresi CA [X 3 odpovédi na imung-

terapii RCC interieukinem 2 - wvysoka
exprese CA 1X vede k lepSimu efekiu l&8hy
[23). Role CA [¥ jako nezavislého prognos-
tického faktoru je nékterymi autory
zpochybfiovana [24], jini prokazuji predik
tivni wyznam spige polymorfizmu jed
notlivich nuklectida CA X genu [25].
V spucasné dobé probiha 3. faze mezi
narodni Klinické studie hodnotici mono-
klonalni protilatku k CA [X jako adjuvantni
léchu po nefrektomii a jeji vysledky by
mohly roli CA IX u RCC vice objasnit [13].

Biomarkery proliferace

Ki-B7 je akcepovanym markerem bunecné
proliferace. Jeho zviSena exprese v nado-
rové tkani CCRCC koreluje s wwsSim gra-
dingem dle Fuhrmanaové a horsi progndzou
[2E]. Dle novejsich studii je tento marker
pouZitelny i v predikci rekurence RCC po
radikalni nefrektomil u pacientd s lokalizo-
vanym nadorem [27]. Spolu s patologic-
kym stadiem (pTdvs z pT2) a pfitomnaosti
mikrovaskuldrni invaze je zvysena exprese
KiB7 pvaiovana za nezavisly prognos-
ticky faktor - v pripadé pozitivity jednoho,
dvou nebo véech tii téchto faktord je riziko
rekurence 7,1 %, 24 %, resp. 77 % [28]. Ve
stejné studii nebyl prokazan nezavisly
prognosticky viznam Zadného z dalsich
studovanych biomarkerd véetné cluste-
rinw, HSPZ7, MMP2 &2 MMP-9.

Biomarkery oviiviiujici bun&Eny cykius

a apoptdzu

Dysregulace bunééného cyklu je kritickym
mechanizmem, ktery rozheduje o tom, zda

Tab. 2. Wbrané potencidini molekuldmi prognostické a prediktivni parametry

u svEtiebun&éného karcinomu ledviny [13].

HIF kaskada Bunééna adheze Proliferace Regulace bunééného cykdu
HIF1 EpCAM KiET Cyclin
CAK Ecadherin MCM2 p2T
CAXN o-Catenin
CXCR4 Caftenin &
VEGF/VEGF-R
ILGF1
Regulace apoptizy mTOR kaskéida
p53 PTEN
Bcl2 Akt
Smac Phos 56k an

nadorové bufiky budou proliferovat, nebo
dojde k jejich apoptdze. Nejvice studova
mymi proteiny regulujicimi bunécny cyklus
s moZnym vlivem na progndzu RCC jsou
oyklin D1 a p27 (oznacovan i jako Kipl). p27
je inhibitor cykiind a cyklindependentmi
kindza. Ztrita exprese p27 je nezavisiym
prediktorem horsihe nadorove specific-
kého predivani | pfeZivani bez recidivy [29].
Zajimavy je vztah mezi expresi p53
a progndzou RCC. JelikoZ je p53 znamym
tumor supresorovym genem, nabizi se
predpoklad, Ze jeho 2vySensd exprese bude
spojena s lepSi prognozou. Prekvapivé je
vSak ZvySend exprese spojena s rychlejsi
progresi onemocnéni a kratéim preZivanim
[30]. Vztah mezi pb3 a patogenezi RCC je
tedy zfejmé komplexni a zahrnuje rizné
mechanizmy - dikazem toho je i nalez
korelace mezi zvySsenou hladinou p21
(proapoptoticky cilovy protein p23) a lepsi
prognozou u pacientl s lokalizovanym
RCC, ale naopak horsim prefivanim u pa-
cientl s metastatickym RCC [31].
Intracelulami molekuly, které aktivuji
programovanou bunéénou smrt, jsou row-
néf poufitelné pfi stanoveni progndzy
a hodnoceni nzika RCC. Absence Bcl2
a Fas v preparatech po nefrektomii v pfr
padé metastatického RCC predikuje lepsi
odpovéd na pooperadni imunaterapii [32]
Viztah mezi expresi a metastatickym RCC
ve skupiné tzv. inhibitorl apoptozy (APL,
AP vazany na X-chromazom, survivin
zatim neni uspokojivé objasnén [33).

DNA markery

Profilovani genowé exprese DNA nadord
ledviny je slibnou metodou. Mikroanatizou
DNA a srovnanim tkané RCC a benigni
thané kiry ledviny bylo odhaleno mnoZstvi
gend, které by mohly byt poufity pro
predikci progndzy RCC nezavisle na stadiu
tumoru, grade a celkovém stavu - jedna
se o stovky gend, ze kterjch wétSina ma
nernamou funkci [34]. Prognosticky wy-
Znam ph hodnoceni rizika RCC ma tedy
spiSe globalni genetickd informace nel
jednotlivé geny. DalSi wzkum se orientuje
na posttranslacni modifikace a wysetro
vani stavu metylace riznych genovych pro-
motorll ovlviujicich tumor supresorové
geny [33].
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Imunologické biomarkery

RCC je imuncgenni tumor a imunoterapie
piestavuje standardni systémovou léchu
metastatickénho RCC. Molekuldmi faktory,
které moduluji imunologickou odpovéd
u RCC, jsou logicky zkoumany jako moZné
prognostické biomarkery. Jedna se
jména o skupinu gykoproteind BY. B7-H1
je molekula za normalnich okolnosti expri-
movana makrofagy nebo aktivovanymi
Tymfocyty. ZvySena exprese u karcinomu
ledviny blokuje antigen-specifickou funkci
THymfocytd a je spojend s rychlejsi pro-
gresi RCC a vysSi nadorové specifickou
mortalitou [35]. Blokada BT-H1 tedy mizZe
vést k stimulaci protinddorové imunitni
odpovedi [36].

Sérové biomarkery
Ma rozdil od ocbvykle pouifivané detekce
mole kuldrnich markerd v nadorové thani
pomoci imunohistochemickych metod ma
stanoveni biomarkerd v séru wyhodu
moZného vyuZiti v diagnostice karcinomu
ledviny a jako neinvazivniho zplsobu jak
stanoveni progndzy, tak dalsiho sledovani
u pacientd s dizgnostikovanym RCC.
Zvyse zminénych biomarkerd je slibné
stanoveni antigenu CA X a CA [X mRNA
v séru pomoci ELISA, resp. PCR, kieré by
mohlo byt uZitecné pii stanoveni prognazy
a sledovani pacientd s lokalizovanym
CCRCC [37]. Autofi navic navrhuji | moZné
diagnosticke vyuziti ELISA stanoveni CA [X pfi
vySetfeni aspiratu atypickych rendlnich cyst.
Sérum amyloid A (SAA) je hlavnim
apolipoproteinem HOL. Jedna se o protein
akutni faze produkovany v jatrech, ale
i extrahepatalné riznymi nadary. Pfi srov-
nani sérowvych hladin u pacientd s lokalizo-
vanym RCC (NOMO), s postizenim lymfa
tickych uzlin (N1MD), metastatickym RCC
{M1) a u zdravych jedinca byla zjisténa sig
nifikantni elevace u M1 pacientd, zatimco
u pacientl s lokalizovanym nadorm a kon-
troini skupinou nebyl zjistén rozdil [38].
Hladina SAA signifikantné korelovala
s T stadiem a stupném diferenciace. Die
autor je tedy SAA vhodnym nastrojem pro
detekci vzdalenych metastaz, ale nikoli
pro éasnow diagnostiku karcinomu ledviny.
Zaroven je SAA signifikantnim nezavishym
faktoremn pro preZivani pacientd s RCC.

Prognosticky, nikoli diagnosticky vyznam
SAA byl potvizen | dalsi studii [39).
Crreaktivni protein (CRP) je reakiant
akutni faze produkovany primamé v jat
rech jako reakce na elevaci cytokinad,
zejména IL-6. | kdyZ je v praxi nejvice
vyuZivan jako zanétlivy parametr, je
prokazana i jeho prognosticka hodnota
(predoperadni | pooperaéni elevace) u RCC
7 hlediska rizika rekurence a vzniku
metastaz po nefrektomii [40]. LepSim
prediktorem je pooperaéni hodnota - pa-
cienti s pretrvavajici elevaci CRP, s rizikem
proporcionalé zwisemym podle absalutni
hodnoty, by tedy méli byt sledovani inter-
zivngji nez ti, u kterych dojde po operaci
k nomalizaci [41]. Autofi navrhuji nove
wyuditi CRP jako senzitivniho biomarkeru
rekurence onemocnéni a metastaz.

KLINICKE APLIKACE
Pochopeni jednotlivich krok( v karcino-
genezi CCRCC vedlo K vivoji cilené I8chy.
V soudasné dobé schvalenou l16Ebu metz
statického RCC reprezentuji [16]: sora-
fenib a sumitinib (inhibitory tyrozinkinaz
s aktivitou proti VEGFR2, PDGFR, o-KIT,
FLT-3), bevacizumab (protilatka proti VEGF),
pazopanib (inhibitor VEGFR, PDGFR,
c-KIT), temsirolimus a everolimus (m-TOR
inhibitory). Jsou zkoumany |atky s aktivitou
proti EGFR (panitumumab - profildtka
proti EGFR, gefitinib a erlotinib - inhibitory
EGRF tyrozinkinazové aktivity) a latky
cileng pOsobici na HIF1A a CA X [13].
Proteomicka analjza umoZiuje defi
novani biomarkerd vhodnych pro vyuZiti
v diagnostice a stanoveni progndzy RCC.
Co nejpfesnéjsi stanoveni prognozy
U pacientd podstupujicich operacni odstra-
néni malignihg nadoru na zékladé obecné
akceptovaného konsenzu je diledité pro
schéma pooperacnino sledovani téchto
pacientl a rozhodovani o pfipadné adju-
vantni l&ché. Obzvlasté to plati pro karck
nom ledviny s fenotypem vysoce rezistent-
nim ke konvencni nechirurgicke léche
[28]. Lze dohledat vicero nabizenych kom-
binovanych molekuldrné-klinicko-patolo-
dickych prognostickych modeld - kombi
nace CA [X, vimentin, p53, pTNM, ECOG
performance status [42], BioScore - panel
3 biomarkerd (B7-H1, survivin, KFET)

v kombinaci s klinickopatologickymi cha
rakteristikami [43] nebo kombinace pato
logického stadia, mikrovaskulami invaze
a Ki-ET [28]. Jejich moZné pouZiti a pre
padna revize prediktivning systému RCC
vyZaduje dalsi prospektivni studie zming-
mych biomarkerd a externi validaci navrho-
vanych prognostickych modeld.

Moinost diagnostiky RCC na zakladé
stanoveni exkrece definovanych produkti
do moci se opira 0 predpoklad eliminace
latek, keré jsou ve zvysené mife expri
movany v nadorové tkani. VySetfovani
maci jako potencialnino zdroje biomarker(
RCC neni rozsifené - proteomika (analza
proteind) v modi zatim dostateéné speck
ficky biomarker neodhalila, mnohé studo-
vané proteiny nalezené u pacientl s RCC
jsou wyludovany i u pacientd s jinymi ng
dory nebo ledvinnymi onemocnénimi [44].
Jako slibna se jevi analyza proteind agua-
parinel (AQP-1) a adipophylin (ADFP) [45].
lgjich koncentrace je signifikantné zvi-
gend U pacientd se svétlebunéénym
a papilarnim RCC ve srovnani s kontrok
nimi skupinami pacientd podstupujicich
operaci jinou nei nefrektomii, zdravymi
dobrovolniky &i pacienty s onkocytomem.
Hladiny po nefrektomii (na rozdil od jinych
operaci) wyrazné klesly, cof svéddi pro
tumardzni pivod tBchto proteind a stejné
pre- i pooperacni hodnoty u pacientd pod-
stupujicich jinow operaci wyluCuji vliv
anestezie ¢ samotného chirurgického
zakroku. Tyto wwsledky je potieba potwrdit
v daldich nezavislych studiich.

Dalsim zdrojem potencialnich bio-
marker RCC je tav. metabolomika, tedy
kvalitativni a kvantitativni stanoveni
metabolith v moél. Vysledky jsou viak
zatim spide zklamanim - stav metabolitd
wvliviiuje dieta pacienta, ¢as odbéru
vzorku, jsou pozorovany geografické roz-
dily a neni moZné spolehlivé odlisit
metabolity U stejného pacienta pred
odstranénim tumoru a po ném [48] -
a Zpochybiuji metabolomiky jako scree-
ningovy nastroj dokomce i pro populaci
5 rizikem vzniku RCC.

ZAVER
Mové informace o komplexnich mokeku
larnich alteracich, kieré vedou ke vzniku
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a progresi karcinomu ledviny, umoZnuji
identifikaci nowych diagnostickych a prog-
nostickych maolekularnich marker( a atevie
raji dvefe pro experimentalni cilenou IEcbu
tohoto £asto letdiniho karcinomu. K tomu,
aby bylo moZné implementovat zminéng
biomarkery do béfné Klinické praxe, je
nutny dalsi vizkum, kterj by potvrdil pres-
néjsi predikei progndzy RCC, net je tomu
u bé7né pouZivanych kiinickopatologickych
prediktivnich modeld a8 dostatecnou dia-
gnostickou hodnotu markerd vhodnych
pro éasnou detekci RCC.
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6. Non-coding RNAs and their use in clinical practice

The central dogma of molecular biology is that RNA functions as an information intermediate
between DNA (gene) and the protein it encodes. Thus, the vast majority of genetic information
responsible for biological form and phenotype was thought to be expressed in proteins -
surprisingly, the human genome encodes only about 20,000 proteins, which is less than 2% of
its total content. In the human transcriptome (it is important to note that up to 90% of the
genome is actively transcribed), in addition to the coding mRNA (which is actively translated),
there are a number of antisense transcripts and non-coding RNAs thought to be transcriptional
noise or evolutionary waste. However, current knowledge indicates that non-coding RNAs may
play a crucial role in cell development, physiology and pathology (25). These non-coding RNAs
can be divided into short and long (Fig. 10), the boundary between these groups being

approximately 200 nucleotides.

RNA
Coding RNA Non-coding RNA
I
Long non-coding RNA Short non-coding RNA
mRNA
HOTAIR rRNA SNRNA, tRNA mMIRNA, siRNA,
snoRNA piRNA, tsRNA

Protein Cireztn || Tzrdes o) Translation RNA RNA silencing

dificati
moaification modification

Fig. 10. Eukaryotic RNA - nomenclature and function. mRNA - mediator RNA, HOTAIR -
HOX transcript antisense intergenic RNA, rRNA - ribosomal RNA, snRNA - small nuclear
RNA, snoRNA - small nucleolar RNA, tRNA - transfer RNA, miRNA - microRNA, siRNA -
small interfering RNA, piRNA - PIWI-interacting RNA, tsSRNA - tRNA-derived small RNA.
Adapted from Green et al (26).
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6.1 Short non-coding RNAs
6.1.1 MicroRNAs

MicroRNAs (miRNAS) are short single-stranded RNAs (usually 21-25 nucleotides in length)
that arise from a long primary transcript and from a precursor hairpin structure. The genes
encoding the miRNA are transcribed into the primary miRNA, from which the precursor
miRNA is formed in the nucleus by the action of the Drosha RNase. After transport to the
cytoplasm, a mature miRNA is formed, which by the action of another RNase Dicer and binding
to Argonaut protein forms an effector complex, the so-called RNA-induced silencing complex
— RISC (27). The mature miRNA binds to the 3 'untranslated end of the target mMRNA, causing
its degradation or inhibition of translation (Fig. 11), thus regulating gene expression at the post-

transcriptional level (28).

. i —
l
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of target gene mRNA
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Fig. 11. Schematic representation of miRNA function.

The fact that miRNA sequences are highly conserved across various organisms suggests their
role in basic biological processes such as development, differentiation, proliferation, apoptosis,
regulation of cell stem properties, the immune system, or tumour transformation. Abnormal
expression of miRNAs in tumours can have two basic pathogenetic consequences: miRNAS
can function as an oncogene or as a tumour suppressor. In the pathogenesis of RCC, miRNAs

affect fundamental mechanisms of carcinogenesis, such as hypoxia/ VHL / HIF cascade, EMT,
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cell proliferation, invasion, apoptosis or angiogenesis. Aberrant expression in cancer and
different expression in tissues and body fluids make microRNAs suitable candidates for use as

biomarkers.
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SOUHRN

MikroRMA (miRNA) jsou kratké nekodujicl RMA, které regulujl genovou expresi na posttranskripéni
drovni. Zicasthiujl se fady kitickych biologickych proceslvéetné onkogeneze. V patogenezi Karcinomu
z rendlnich bunék (=nal cell carcinoma - RCC) mohou plisobit jako onkogeny i jako tumor supresory.
Prostiednictvim cilovyich proteind rienych signélnich drah oviiviiujl apoptdzu, buné ény nist, migraci, in-
vazi, proliferac, formaci bunécrych kolonil 2 angiogenezi & jsou pfimo zapojeny do procesd by poxie
& epiteiiiné-mezenchymalni promény. OdliEné exprimované hladiny miRNA umal il rozliSeni zdraveé
& nadorove thang ledviny 3 dokonce jednotlivych podtypd RCC. Cirkulujicl 2 modowe miRMA jsou poten-
cisInimi biomarkery pro neimvazivnl diagnastiku RCC a sledovani relapsu onemocnénd. Navic je proka-
zana prognosticks hodnota nékterych miRMNA, & to jak z hlediska identifikace vwsooe rizikovych primar-
nich tumord, tak z hlediska odpovédi na biclogickou EEbu u metastatickych nddord. Clem £lénku je
poskytnout piehlednou 3 co nejaktusingjEl informaci o roli miRNA v patogenezi RCC & miRMNA vyuZitel-
mych pro diagnostike & stanoveni progndey RCC.

SUMMARY

MicroRNAs IN THE PATHOGEMESIS OF REMAL CELL CARCINOMA AND THEIR DIAGNOSTIC AND
PROGNOSTICWALLE

MicroRMNAs (miRNAmiRMAs) are short nor-coding RMAs that regulate gene expression at post-trans-
criptional leve L. They are imvolved in & number of critical biological processes including carcinogenesis.
In the pathogenesis of renzl cell carcinoma (RCC) they can act both as oncogenes and tumor suppres-
sors. They egulate apoptosis, oell growth, migration, invasion, proliferation, colony formation or angio-
genesis through target proteins involved in several signaling pathways and they are directly imvolved in
mechanisms of by poxia and epitheliakto- mesenchymal transition. Differentially e pressed miRNAs can
differentiate turmar tissue from healthy renal tissue and even different RCC subtypes. Circulating and
urinary miRMAs could become biomarkers far non-invasive disgnosis or detection of the relapse of RCC.
Maoreover, prognostic value of several miRMNAs has been shown. They may help identify high-risk pima-
ry tumors and estimate trestment response to biological treatment in metastatic tumors. The aim of
the articke is to provide comprebensive and the most up-to-date information abouwt the role of miRMAs
in the pathogenesis of RCC and their diagnostic/ prognostic value.

UvoD

Karcinom z renadlnich bunék tvofi 2-3 %
vech malignich nadond [1]. Navzdory konti-
nualnimu zvySovani relativniho predivani be-
hem poslednich 20 let zdstava jednim z nej-
letalnéjgich urologickych nadoni s pétiletym
relativnim pfezivanim 71,8 % [2]. V dobé dis-
gndry je 17 % nador( lokalné pokrogikjch
a 17 % metastatickych, s pétiletym relativ-
nim piefivanim 64,2 %, resp. 12,3 % [2].
Zakladni metodou lechy je lecba chimurgic-
ka, = nardstajicim trendem k zachovmnym vi-

kondm, 2ejména u malych nador (T1a) [3].
U starSich pacient(l nebo pacienti s vazng
mi komorbiditami lze zvolit observaci [4].

Vzhledem k tomu, 22 kromé zobrazo-
vacich vySetfeni neni k dispazici jina spo-
lehliva modalita pro diagnostiku a sledo-
vani onemacnéni, pokracuje intenzvni vy-
zkum = cilem identifikace biomarker( pro
casnow detekci, stanoveni progndzy a ske-
daovani relapsu RCC.

MikroRNA jsou kratke nekddujici RNA,
které reguluji genovou expresi na post-
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tranzkripéni Grovni prostiednictvim vazby
na svou cilovou mRMA, &imZ dochazi k jeji
inhibici &/anebo degradaci [5]. ZocastAuji
se fady kritickych biologickych procesd,
jako je bunéény rist, diferenciace nebo
apoptdza. Inhibici tworby proteind svych ci-
lovych gen (onkogend nebo tumor supre-
sorovych genl) mohou ve vyskedku puso-
bit jako onkogeny nebo jako tumor supre-
sory [6]. 0dlisna exprese riEnych miRNA
je prokazana u mnoha nadorovych one-
maocnéni véetné RCC [T].

MikroRNA V PATOGENEZI RCC

Typickym znakem svétlobunééngého RCC
(clear-cell RCC - ccRCC) je inaktivace VHL
genu, kterd je odpovédna za vznik prak-
ticky vSech familidrnich a dvou tretin spo-
radickych ccRCC [B]. Mutace VHL genu
a zablokovani tvorby jeho produktu, VHL
proteinu, vede k neregulované expresi
HIF-1a & HIF-2a s ndslednou produkei tu-
marigennich cilovych produkti, jako jsou
VEGF, PDGF, TGFa a Glutl [9]. VHL de-
pendentni regulace byla pozorovana u né-
kolika miRNA (miR-210, miR-155, let-Ti,
miR-8a) [10]. MiR-210 je HIF-1 dependent-
ni {pfi hy poxii dochazi k jeji zvysené expre-
si), ale neékteré nadory bez znamek VHL
inaktivace vykazuji rovnéz zvysené hla-
diny miR-210, coz svédél pro alternativni
mechanizmy aktivace HIF, navic v pfipa-
dé absence HIF-1 je miR-210 regulovana
prostiednictvim HIF-2 [11]. Asociace mezi
expresi miR-210 a preZivanim pacientl
podporuje predpoklad, 2 miR-210 neni
pouze markerem hypoxie, ale alteraci ge-
nové exprese ovliviuje samotnou povahu
nadoru [10]. Cilowymi proteiny miR-210
jsou proteiny ICSU 1, 2, které reguluji mi-
tochondrialni transportni drahy a vysvet-
luji rysy anaercbniho chovani nadorowich
bunék RCC. Utlum exprese miR-210 vede
k stimulaci bunécné migrace a invazivni-
ho potencidlu RCC [12]. VHL a HIF-1 geny
jsou cllovymi geny i jingych miRNA, napf.
miR-17-5p a miR-224 [13]. Silnd negativ-
ni korelace mezi expresi rodiny miR-200
[mMiR-200a/2000/200c/425%/141) a hla-
dinami VEGF sw&d&i pro regulaci HIF kas-
kady i tBmito miRNA - zirata regulace je
pak cdpovedna za aktivaci HIF [14]. U ro-
diny miR-200 je navic popsana indukce

epitelialné-mezenchymalni promény (tedy
promeény bunék epitelu v bufky mezen-
chymalni, coZ zvysuje tendenci k jejich
invazivité a metastazovani) Ci regulace
buné&iného cyklu a EphA2/p-FAK/p-Akt/
/MMP2/9 kaskady, jak je tomu napf.
umiR-141, asi nejznaméjsi z uvedensé sku-
piny tumor supresorovych miRNA [15,16].

Jiné hypoxil indikované miRMNA jsou
miR-155 a miR-21. Mechanizmi pisobe-
ni miR-21 je nékolik - jejimi cilovymi geny
jsou tzv. apoptosis-related geny (TIMP3,
FASL, PDCD4), které aberantné eprimo-
vana miR-21 inhibuje, dale reguluje inva-
Zi bunék prostiednictvim KISS1 proteinu,
zvyiuje bunéénou proliferaci a migraci ak-
tivaci Akt kindzy/ TORC a nakonec fidi ex-
presi cyklinu D prostrednictvim NF-kappa
E-dependentni transkripce [17-20].

Potencialnimi cili miR-155 jsou tu-
mor supresorove geny S0C5-1 a BACH1.
Inhibice miR-155 vede k potlaceni bunéé-
né proliferace a indukci apoptdzy nadoro-
wvych bunék [21).

Dalsi onkogenni miRNA predstavuji
cluster miR-17-5p a2 miR-20a, miR-122
a miR-183.

Skupina tumor supresorovych miRMNA
jevelmi razsahla. Tyto miRNA jsou ve tka-
ni RCC down-regulovany a transfekce na-
dorovych bunék t2mito miRNA nebo ob-
noveni jejich hladin vede ke sniZeni na-
dorového potencialu nadorovych bunék.

MiR-584 narusuje mobilitu a viabili-
tu bunék inhibici ROCK-1 onkoganu [22].
MiR-215 je jednou z nejvice down-regu-
lovamych miRMNA u metastatického RCC
ve srovnani s primarnim nadorem. Jeji
cilové geny (SIP1/ZEB2) oviiviuji hlav-
né epitelialné-mezenchymalni promeé-
nu [23). MiR-205 inhibuje protoonkogen-
ni protein kKindzy ze skupiny Src, cbnoveni
hladin tumor supresorove miR-138 sniFu-
je hladinu cnkogenniho vimentinu v buf-
kaéch RCC a vyrazné alteruje schopnost
jejich invarze [24]. Jiné tumor supresoro-
v& miRMNA (miR-34a, miR-101, miR-199a,
miR-1285, miR-1826, miR-187, miR-135a,
miR-218, cluster miR-143/145, miR-133b,
miR-199a-3b) pdsobi cestou down-regu-
lace rizmych onkogenil, jako jsou c-MYC,
MNotchl, EZHZ, GSK3 beta, TGM2, MEK1,
B7-H3, caveolin 2 nebo c-Met [25-30].

Transfekee bunécinych linii RCC miR-99a
indukuje zastaweni bunééného cyklu ve
fazi G1. Vzhledem k tomu, Ze jako primy
cilovy protein miR-29a byl identifikovan
mTOR (mammalian target of rapamycin),
tumor supresorovy efekt miR-99a je ziej-
mé zprostiedkovan inhibici mTOR kaska-
dy [31]. Byl prokazan vztah mezi down-
-regulaci miR-30a a zvysencu nadorovou
angicgenezi - cilovym proteinem je endo-
telidini ligand DLL4 [32].

Zajimavou a dosud neobjasnénou viast
nosti mikroRMA je schopnest konkrétni
miRNA pdsobit i jako onkogen i jako tu-
mor supresor v Zzavislosti na typu nadoru.
Mapriklad miR-T, ktera je popsana u né-
kolika zhoubnych nadord u lidi jako tumaor
supresorova miRMA, plisobi u RCC jako on-
kogenni miRNA [33].

DIAGNOSTICKE MikroRNA

V NADOROVE TKANI

Umnoha mikroRNA byl prokazan statistic-
ky vyznamny rozdil v expresi mezi nadoro-
vou tkani a mezi normalnim renalnim pa-
rechymem. Ze 470 analyzovarych miRNA
identifikovali Nakada et al 43 odliSné ex-
primovanych miRNA mezi ccRCC a zdra-
vym renalnim parenchymem a 57 miRNA
odlisné exprimovanych mezi chromofob-
nim RCC a zdravym parenchymem. Nejvice
down-regulovanymi miRMNA byly miR-141
a miR-200c [34]. V jiné analyze s platfor
mou 247 miRNA byla ve srovnani se zdra-
vymi kontrolami prokdzana v nadorove
thani pacientd s ccRCC zvyiens exprese
38 asniZend exprese 48 miRNA - miR-16
a miR-451 byly mezi nejvice up-regulova-
nymi, zatimco miR-141 byla nejvice down-
-regulovancu miRNA [35]. Juan et al po-
p=ali u pacientl = ccRCC 26 down-regu-
lovanych a 9 up-regulovanych miRNA
(véetné miR-21, miR-210 a miR-155,
které jsou béZné popsané u jinych nado-
i) [36). Prace Chowa popisuje 80 odlis-
né exprimovanych miRMA v ecRCC, pi-
cemi miR-122 a miR-200¢ jsou nejvice
dysmegulovane [37]. V Chengové studii
vybramych osm miRNA byla prokdazana
zvysena exprese mil-34a, miR-21 a miR-
-224; miR-141, miR-149 a miR-429 byly
signifikantné down-regulovany [2B]. Jako
slibny biomarker pro odliSeni nadorove

]
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a nenadorove tkane se jevi miR-129-3p
5 diagnostickou pfesnosti 73,5 %. Nizké
hladiny jsou navic spojeny s kratsim cel-
kowym preZivanim (overal survival - 0S)
i preZivanim bez nadoru (cancerspecific
survival - C35) [39].

V nékolika studiich byla prokazana
schopnost odliSit na zékladé exprese
riznych miRNA v nadorove thani jednot-
Iwé histologickeé podtypy RCC a onkocy-
tom. Youssef et al wyvinuli clyfstuphovy
algoritmus na zakladé nékolika sparova-
nych miRNA, podle kierého lze vzorek za-
radit do jednoho ze dvou moZnych histo-
logickych typd. V kaZzdém daliim kroku se
moZnosti ZuZuji (normalni than vs tumer;
ccRCCvs ostatni podtypy; papilami RCCvs
chromofobni RCC a onkocytom; chromo-
fobni RCC vs onkocytom). Senzitivita pro
odligeni normalni tkéné od RCC je 97 %,
pro uréeni ccRCC 100 %, papilarniho RCC
97 % a pro odligeni chromofobniho RCC
od onkocytomu 100 % [40]. Petillova stu-
die byla zaméfena na nejvice genomicky
pribuzné podtypy RCC (ccRCC a papilarni
RCC; chromofobni RCC a onkogytom), od-
ligné exprimované miRNA jsou uvedeny
v tab. 1 [41]. Onkogenni miR-21 vykazu-
e nejwyssi hladiny u ccRCC a papilamiho
RCC. Senzitivita a specificita pro odlise-
ni téchto dvou podtypl od chromofob-
niho RCC a onkocytomu je 83 %, resp.
90 % [42]. Ve Wachové studii = 9 miRNA
odliSuje kombinace expre snich profild miR-
-145, miR-210, miR-200c a miR-502-3p
nador od zdrave tkané s 92,9% presnos-
ti, kombinace miR-145 a miR-502-3p ma
95% pfesnost pro odlizeni ccRCC a papi-
lamiho RCC, kombinace miR-210 a let7c
spravné zaradi subtypy papildrniho RCC
(typ 1vstyp 2)v 92,3 % (tab. 1) [43].

CIRKULUJICI MikroRNA JAKO
POTENCIALNI BIOMARKERY RCC
MiR-210 je studovana jako sérovy bio-
marker pro stanoveni diagndzy a pro-
grese ccRCC. Studie na 34 pacientech
s ¢oRCC a 23 zdravych subjektech proka-
zala signifikantné vysal hladiny mik-210
u pacientd s ccRCC (senzitivita 65 %, spe-
cificita 83 %, AUC 0,77} [44]. Podobné
vysledky byly publikovany i v dalsi studii,
které navic prokazaly u pacientd s ccRCC

Tab. 1. OdliSné exprimovansd miRNA pfi srovnani ccRCC a papildmiho RCC

a pii srovnani chromofobniho RCC a onkocytomu [41].

Svétlobunédny Pramérny ndsohek Chromaofobni Primémy ndsobek
RCCvs papilami RCC hodnoty RCC vs oncocy tom hodnoty
miR-203 474 miR-203 4,49
miR-424 4,34 mif-200b 2,80
miR-450 416 mif-197 199
miR-139 3,55 miR-320 1.50
miR-143 3,00 miR-186 -2.88
miR 503 297

miR-224 204

miR-145 259

miR-126 227

miR 31 -4,91

miR-504 -2.62

miR-371 -2,55

miR 328 -1.68

miR-425 -1.50

miR-423 -1,36

signifikantni snizzni hladiny miR-210 po
odstranéni nadoru [45]. Pii srovnani ex-
prese miRNA v séru a nadorove tkani pa-
cientd s RCC identifikovali Wulfken et al
36 miRNA se zvySerymi sérovymi hladi-
nami, které byly soucasné up-regulova-
ny v nadorove tkani. Sedm z nich bylo vy-
brano jako potencialni diagnostické bio-
markery (miR-106b, miR-1233, miR-1290,
miR-210, miR-7-1, miR-320b, miR-93) [45].
Prace ceskych autond popisuje jako slib-
né diagnosticks biomarkery RCC miR-378
a miR-451. Hladiny miR-378 jsou u pa-
cientd s RCC zvysené, hladiny miR-451
snizené. Kombinace obou miRNA umoi-
nila odliseni séra pacientd s RCC se sen-
zitivitou 81 %, specificitou B3 %, AUC
0,86 [47]. Signifikantné snizené plazma-
tické a tkadnové hladiny byly prokazany
u tumar supresorovych miR-508-3p a miR-
509-5p [48,49]. Cheng et al prokazali ve
srovnani s benignimi nalezy na ledving sig-
nifikantné vy35i sérowé hladiny miR-34a,
miR-21, miR-224 a nizni hladiny miR-141
u pacientd s ccRCC, hladina miR-21 navic
korelovala se stadiem onemocnéni [28].
Dale jsou popsany signifikantné vyssi plaz-
maticke hladiny miR-221 a miR-222 u pa-
cient s RCC, pfitem? u pacient( s meta-
statickymi nadory byla hladina miR-221
vysEi a negativné korelovala s 05 [B0).

MikroRNA V MOCI JAKO
POTENCIALNI BIOMARKERY RCC
O expresi miRNAv modi pacientd s RCC je
zatimvelmi malo informaci. Zatim v jeding
studii je popsana miR-15a, ktera je ve vza-
jemném vztahu s protein kindzou C alfa
(PKC alfa), jejiz hlading je zvySena u benig-
niho onkocytomu, ale snifena u RCC. PKC
alfa se jako soucast transkriptniho kom-
plexu vafe na primami transkript miR-15a
a blokuje tvorbu miR-15a. Proto jsou hladi-
ny miR-15a u pacientd s RCC zvyieng, za-
timco u enkocytomu jsou snizeng - vzhle-
dem ke zvyserym hodnotam v modi pa-
cient( s RCC a nacpak nedetekovateinfm
hladinam u onkocytomu a infekcl moco-
wych cest se miR-15a jevi jako slibmy mo-
covy biomarker [51].

MikroRNA JAKO BIOMARKERY
PROGNOZY RCC

Lep&i klinicko-patologicke charakteristi-
ky jsou popisovany u RCC s w350 hlade
nou miR-210 (nizsi stadium i grade) - na
zakladé hladin v nadorové thani byly sta-
naveny th skupiny, pricemz nejlepsi cel
kove pfeZivani bylo zaznamenano ve sku-
piné s vysckymi hladinami miR-210 [11].
Jasna korelace byla nalezena meziexpre-
si miR-21 a klinickymi charakteristikami
RCC - vsichni pacienti s nizkou hladinow
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prezili déle nei pét let, zatimoo u pacienti
5 wysokymi hladinami bylo pétileté prediti
pouze 50 %. Hladina miR-21 dale korelo-
vala s T stadiemn nadoru [42]. Jina prace
prokdzala korelaci zvy Sené hladiny miR-21
a snizené hlading miR-126 s vyskytem me-
tastaz a horsim CSS5 [52]. Jako nezavisly
prognosticky faktor u MO pacientd s RCC
je uwadén pomér miR(21,/10b). Vysoky
pomér je spojen s horsi progndzow, coZ
opodstatiuje striktnéjsi sledovaniu high-
-risk pacient( podle poméru mik{21/10k)
[53]. MiR-106b je ve tkani ccRCC virazné
up-regulovana. Jeji hladiny jsou vaak sig-
nifikantné niZsi u tumord téch pacient,
u kterjch doZlo ke vzniku metastaz. Cesti
autefi proto navrhuji miR-106b jako pre-
diktivni biomarker relapsu po nefrektomii
u pacientd s ccRCC [54].

Z miRNA, které odlisi metastatic-
ky a nemetastaticky ccRCC, byly proka-
zany nejvyraznéjsi odchylky v miR-451,
miR-221, miR-20a, miR-10b & miR-29a.
Skupina 4 miRMNA (let-7a, let-7c, miR-26a
a miR-30a) navic umazhuje rozlisen! na-
dord podie kinického pribehu (primarné
metastaticky, nemetastaticky, metasta-
Zujici s odstupem). Stejna studie prokaza-
la i korelaci nékolika miRNA s pieZivanim
bez progrese (progression-free survival -
PF5)a C55[55]. V podobné studii srovna-
vajici primarné metastaticky ccRCC, vzda-
lené metastazy z plic a nemetastaticky
ccRCC bylo prekazano 14 odligngé expri-
movanych miRNA. Down-regulace miR-30c
a up-regulace miR-451 a miR-126 signifi-
kantné korelovaly s PFS a C55 [56]. Ma z3-
kladé odlisné exprese miRMNA v lokalizova-
ném RCC a metastatickem RCC lz= pomoci
wybramych miRNA identifikovat se senziti-
vitou 76 % a specificitou 100 % primarné
vysoce rizikove a nizke rizikove nadory pro
vznik metastaz [57].

Z hlediska detekce Casného relapsu po
nefrektomii byla prokazana down-regula-
ce miR-143, miR-26a, miR-145, miR-10b,
miR-195 a miR-126 u pacientd s relapsem
[58]. Daléim moznym prediktorem relapsu
je miR-514, ktera je vyrazné down-regulo-
vana u primarné metastatickych nadord
a u téch, u kterych vznikla recidiva [59].

Expresni profil miRNA v periferni
krvi umaZnuje stratifikaci pacientd s po-

krocilym RCC podle odpovédi na lec-
bu prvni linie sunitinibem. Dvacet osm
a 23 z 287 analyzovanych miRNA bylo
spojeno s kratkodobouw (progrese do Sesti
mésicl), resp. dlouhodobou (progrese po
18 mésicich) cdpovedi [60]. Se Spatnou
ocdpovedi na 1€cbu sunitinibem je spoje-
na i down-regulace miR-141 (projevujici
se hlavné epiteliainé-mezenchmalni pro-
ménou epitelidinich bunék). Reintrodukcs
miR-141 in vitre je schopna tento proces
zvratit [61]. Recentni studie srovnavala ex-
presi miRNA u pacientd s vraznou senzi-
tivitou a nacpak vyraznou rezistenci na
sunitinik. MiR-242, miR-628-5p, miR-133a
a miR-484 byly ve zvySené mife exprimo-
vany u pacinet rezistentnich na sunitinib.
MiR-242 byla sama schopna odlisit tyto
dvé skupiny pacienti. Cas do progrese
a 05 byly signifikantné redukovany u pa-
cientd s hladinou miR-942 nad stanove-
nou hraniéni hodnotu [62].

ZAVER

MikreRMNA se pri vzniku RCC uplatiuji
v mnoha patogenetickych mechanizmech.
MNéktereé z nich jsou zapojeny do regulace
kenkrétnich signalnich drah, u mnoha od-
liné exprimovanych miRMA vsak cilove
geny zatim nejsou objasnény. Odlisne hla-
diny miRNA v thani, séru/plazmé a modi
pacientl s RCC jsou atraktivnim cilem
pro hledani biomarkerd pouzitelnych v dia-
gnostice a sledovani. MiRMNA analyza pri-
marniho tumoru miZe pomoci ve stanove-
ni individudlni progndzy pacientd. V blizké
budoucnosti by se navic nékteré ze zmi-
nénych mikroRNA mohly stat noviymi tera-
peutickymi cili RCC.
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ABSTRACT

Purpose: To provide information about the role of microRMAs in the pathogeneasis of renal cell carcinoma (RCC)
and their diagnostic and prognostic utility as cancer biomarkers.

Methods: A literature search was performed in the PubMed and Web of Science databases using the keywaords
“renal cancer/renal cell carcinoma/kidney cancer” and “miR*/miRNA*/microRNA*". Articles dealing with the
rale of miRNAs in the pathogenesis of RCC, diagnostic miRMAs and prognostic miRNAs were separated.

Results: MiRNAs act both as oncogenes and tumor suppressors. They regulate apoptosis, cell growth, migra-
tion, invasion, proliferation, colony formation and angiogenesis through target proteins involved in several sig-
naling pathways, and they are involved in key pathogenetic mechanisms such as hypoxia (HIF/VHL dependent)
and epithelial-to-mesenchymal transition. Differentially expressed miRNAs can discriminate either tumor tissue
from healthy renal tissue or different RCC subtypes. Circulating miRNAs are promissing as diagnostic biomark-
ers of RCC. Information about urinary miRNAs associated with RCC is sparse. Detection of a relapse is another
implication of diagnostic miRNAs. The expression profiles of several miRNAs correlate with the prognosis of RCC
patients. Comparison between primary tumor tissue and metastasis may help identify high-risk primary tumors.
Finally, response to target therapy can be estimated thanks to differences in miRNA expression in tissue and se-
rum of therapy-resistant versus therapy-sensitive patients.

Conclusions: Our understanding of the role of microRMAs in RCC pathogenesis has been increasing dramatically.
Identification and validation of their gene targets may have direct impact on developing microRNA-based antican-
cer therapy. Several microRNAs can serve as diagnostic and prognostic biomarkers.

Keywords: Biomarker, Diagnosis, MicroRNA, Prognosis, Renal cell carcinoma

Introduction

Renal cell carcinoma (RCC) accounts for 2%-3% of all
malignant tumors (1). Despite a steady increase in relative
survival, it is still one of the most lethal urological malig-
nancies, with 5-year relative survival 71.8% (2). At the time
of diagnosis, 17% of tumors are locally advanced and 17%
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are metastatic, with S-year relative survival rates of 64.2%
and 12.3%, respectively (2). Biomarkers for early detec-
tion, prognosis and follow-up of RCC are neaded as there
is no reliable diagnostic modality other than radiclogical
imaging.

MicroRMAs are short noncoding single-strand RNAs that
regulate gene expression at the posttranscriptional level by
binding to their target messenger RNA (MRNA) and causing
mRNA inhibition andfor degradation {3). They have been
shown to be involved in a number of critical biological pro-
cesses including cell development, differentiation and apop-
tosis. They can have oncogenic or tumor suppressor effects
by inhibiting the protein production of their tumor suppres-
sor or oncogenic targets, respectively (4). Different miRNA
expression has been associated with many human cancers in-
cluding RCC (5). Every miRNA has numerous potential targets
and multiple miRNAs may target the same mRNA. Because
of the increasing interest in miRNAs as potential cancer bio-
markers, we aimed to provide an up-to-date review on the

@ 2015 Wichtig Publishing
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PubMed

H

renal cancer [ renal cell carcinoma / kidney cancer
AND
miR* / miRNA* / microRNA*

Web of Science

L

258 results

Removing duplicates,
_ first selection
135 results
(81 pathogenesis, 30diagnosis, 33 prognosis

Second selection
X

108 results
(59 pathogenesis, 25 diagnosis, 28 prognosis)

Fig. 1 - Workflow of evidence acquisition.

role of miRNAs in the pathogenesis of RCC with emphasis to
their diagnostic and prognostic attributes.

Methodology

Athorough literature searchwas performadinthe PubMed
and Web of Science databases using the keywords “renal can-
cer/renal cell carcinoma/kidney cancer” and “miR*/miRNA™/
microRNA™"; the search was restricted to articles published
between 2004 and 2015. A total of 258 articles were found
dating from 2008 (first relevant paper) to 2015 (April). Dur-
ing the first selection, all abstracts were reviewed and articles
were axcluded according to previously selected exclusion
criteria: animal models, diagnostic/prognostic significance
not proven, no abstract available, meeting abstracts, review
articles, editorials or comments, articles ahead of print. Af-
ter removing duplicates and performing the selection, 135
articles were analyzed (81, 30 and 33 discussing pathogen-
esis, diagnostic and prognostic miRMAs, respectively — some
of them overlapping). The final selection omitted 27 articles
that were considered irrelevant by the first author (did not
provide additional information or could be confusing to the
reader). The remaining 108 articles were summarized for the
review (Fig. 1).

Results

MiRNASs in the pathogenesis of RCC

MiIRNAs related to hypoxia and VHL/HIF pathway
Inactivation of the VHL gene is a typical sign of clear-cell

RCC (ccRCC); it is responsible for virtually all familial ccRCC

and two-thirds of sporadic ccRCC (6). VHL mutation and loss
of its product, VHL protein, leads to unregulated expression of

© 2015 Wichtig Publishing
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HIF-1a and HIF-2a, with subsequent induction of tumorigenic
target proteins including VEGF, PDGF, TGFa and Glut 1 (7).
VHL-dependent regulation has been observed in several miR-
NAs (miR-210, miR-155, let-7i, miR-8a) (8). MiR-210 is HIF-1
dependent (hypoxia induced), but some tumors without evi-
dence of VHL inactivation also have elevated miR-210 levels,
suggesting other mechanisms of HIF activation. In addition
to HIF-1, HIF-2 can regulate miR-210 in the absence of HIF-1
(9). The association between miR-210 expression and patient
survival indicates its influence on tumor behavior through al-
teration of gene expression rather than its role as a marker
of tumor hypoxia only (8). MiR-210 targats iron-sulfur cluster
protein {15CUL,2) which is involved in the mitochondrial elec-
tron transport chain as a potential mechanism for regulating
the anaerobic pattern of respiration seen in tumors. MiR-210
also stimulates cell migration and the invasive potential of
RCC cells, as shown by silencing of miR-210 expression (10). A
strong inverse correlation between miR-92a and VHL mRNA
levels was found, indicating an alternative mechanism of VHL
gene inactivation (11). MiR-138 inhibits the expression of HIF-
1ain ccRCC cells, leading to increased apoptosis and reduced
migration of tumor cells {12). The VHL and HIF-1a genes are
likely direct targets of miR-17-5p and miR-224 (13).

There is a strong anti-correlation between the miR-200
family (miR-200a/200b/200c/425/141) and VEGF, suggesting
regulation of HIF and its downstream targets by these miRNAs.
Loss of this regulation may be responsible for activation of the
HIF pathway (14). Proline oxidase (a mitochondrial tumor sup-
pressor) acts through generation of reactive oxygsn species
and decreased HIF signaling. Overexpression of miR-23b down-
regulates the suppressor, and miR-23b can therefore function
as an oncogene in renal cancer (15).

MIRNAs and epithelial-to-mesenchymal transition (EMT)

EMT increases the invasive and metastatic potential of
epithelial calls. Decreased E-cadherin (through its repressors
ZEB1 and ZEB2) and increased expression of vimentin lead to
loss of adhesion and increased motility of tumar cells. Modu-
lating EMT by the miR-200 family has been consistently de-
scribed both in primary RCC and metastasis of RCC (15, 17).
The possible target is ZEB1, which promotes tumor invasion
and migration through E-cadherin silencing. Additionally,
miR-141 targets cell division cycle (CDC) 25 phosphatases, im-
portant regulators of the cell cycle. Its loss facilitates genomic
instability at an early stage of RCC development (18). How-
ever, modulating the EphA2/p-FAK/p-Akt/MMP2/9 signaling
cascade seems to be crucial for miR-141 tumor-suppressive
activity (19). Upregulation of miR-141 with subsequent EMT
reversal could explain the anticancer effect of honokiol (iso-
lated from Magnolia spp. bark) on RCC cell metastasis, sug-
gesting a possible therapeutic strategy (20).

MiR-215 is one of the most downregulated miRNAs in
metastatic RCC when compared to primary RCC. Its target
(SIP1/ZEB2) has been shown to be involved in EMT. Trans-
fection of kidney cancer cells with miR-215 decreases cell
migration and affects cell proliferation (21). The E-cadherin
regulators ZEB2 and BMI1 (together with the inhibitor of
apoptosis survivin) are possible targets of the suppres-
sor miR-708. Its restoration in RCC cell lines decreases cell
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growth, clenability, invasion and migration and increases
apoptosis primarily through survivin regulation (22). EMT is
promoted by hypoxia-induced downregulation of miR30-c,
too (23). Restoration of miR-138 in RCC cell lines leads to
decreased vimentin expression at both the mRNA and pro-
tein levels, with significant inhibition of cell migration and
invasion activities {24). EZH2 is another target oncogene of
miR-138, inducing cell senescence of renal cancer cells (25).

MiIRNAs and proliferation, invasion, apoptosis and angiogenesis

MiR-21 directly targets genes involved in the cell adhe-
sion pathway, leading to degradation of intra- and extracellu-
lar matrix and abnormal cell growth patterns [14). Its key role
in regulating cell apoptosis results from targeting multiple
apoptosis-related genes including TIMP3, FASL and PDCD4
(26). Knockdown of miR-21 activates the caspase pathway
and induces cell apoptosis in RCC (27). Aberrantly expressed
miR-21 also regulates cell invasion through the TCF-21-KIS51
pathway. Anti-miR-21 upregulates KISS1 protein, with a sub-
sequent decrease in call invasion ability {28). Ancther patho-
genetic mechanism of miR-21 function is presented by Akt
kinasefTORC1 activation through posttranscriptional regula-
tion of FTEN, resulting in increased cancer cell proliferation
and migration {29). Finally, miR-21 controls the expression of
cyclin D1 through NF kappa B-dependent transcription (30).

Exprassion of miR-155 is upregulated in RCC and miR-155
may function as an oncogene. Its suppression inhibits cell
proliferation and migratory activity and induces apoptosis in
renal cancer cells. Potential target genes are the suppressor
genes S0CS-1 and BACH1 (31).

Oncogenic miR-23b-3p directly targets PTEN. Inhibition of
miR-23b-3p induces PTEN gene expression with a concomi-
tant reduction of PI3-kinase, total Akt and 1L-32, and lower
miR-23b-3p may be associated with better prognosis (32).
The effect of overexpressed miR-17-92 cluster (miR-17-5p
and miR-20a) on tumor cell proliferation was studied in pri-
mary and metastatic RCC cell lines. Its oncogenic effect may
be explained by collaboration with the MYC oncogene, inhi-
bition of FTEN or driving a proliferative signal by ectopic ex-
pression of the single miR-17-5p (33). Growth, invasion and
migration of RCC cells are significantly increased after miR-
122 transfection (34). Inhibition of endogenous miR-183 (up-
regulated in RCC tissues) suppresses cell proliferation, colony
formation, migration and invasion of RCC cell lines in vitro.
MiR-183 directly targets a tumor suppressor, phosphatase
2A. Upregulated miR-183 increases cell growth and metasta-
sis and suppresses caspase activity (35).

MIiR-584 acts as a tumor suppressor and is downregulated
in RCC cell lines. It decreases cell mobility and viability through
inhibition of the ROCK-1 oncogene. ROCK-1 is activated by
Rhoa A and is associated with cell invasion in different cancers.
In ccRCC, higher ROCK-1 mRNA expression is associated with
shorter survival (36).

MiR-203 inhibits the proto-oncogenic Src family of protein
kinases. Overexpressionof miR-205 in cancer cells leadstoinhi-
bition of proliferation and cell motility factor and activation of
STAT3 (37). Another target of miR-205, ZEB2, indicates its rola
also in EMT (38). Other tumor suppressor miRNAs (miR-34a,
miR-101, miR-19%a, miR-1285, miR-1826, miR-187, miR-135a,
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miR-218, miR-143/145 cluster, miR-133b, miR-195a-3b) act
through downregulation of different oncogenes including
c-MYC, Notchl, EZH2, protein kinase G5K3 beta, TGM2, beta-
catenin, MEK1, B7 homolog 3, caveolin-2, hexokinase-2, ma-
trix metallopeptidase 9 and c-Met (35-30). Downregulation of
tumor-suppressive miR-1 and miR-133a leads to upregulation
of oncogenic transgelin-2, which enhances cell proliferation
and invasion (51). Similarly, downregulation of miR-145 leads
to upregulation of ADAML7, a metalloprotease that is over-
expressed in many cancer types including RCC (52). Matrix
metallopeptidase 11 and the oncogenes ANGPT2 and NEDD9
are other targets of miR-145 (53, 54). Transfection of RCC cell
lines with miR-39a induced G1-phase arrest. Since the mam-
malian target of rapamycin (MTOR) was identified as a direct
target of miR-99a, the tumor suppressive rola of miR-99a may
be mediated primarily through mTOR regulation (55). Glutl
preduction is directly regulated by miR-1291 through SLC2A1
(56). A relationship between miR-30a downregulation and
increased tumor angiogenesis by targeting the DLL4 endo-
thelial ligand has been observed (57). WEEL protein kinase
(a mitosis inhibitor) is a common target of miR-424 and miR-
381. s downregulation (caused by the synergistic effect of
both miRNAs) leads to Cdc2 activation and subsequent inhi-
bition of cell proliferation and mitosis and abrogated G2/M
arrest (58). MiR-381 also increases the sensitivity of RCC cells
to 5-FU chemaotherapy (59).

The association of miRNAs with possible novel regulatory
pathways {e.g., Yin Yang 1 activation by miR-34a downregula-
tion) has been suggested recently (60).

An interesting (and yet not fully understood) feature of
miRNAs is the capability of a single miRNA to serve either as
a tumor suppressor or oncogene depending on the type of
cancer. MiR-7, which has been described as a tumor suppres-
sor in several human cancers, has been characterized as an
oncogene in RCC (61).

Recently, an anticancer effect of the quercatin and hypero-
side combination {QH) on RCC cells has been shown. Besides a
decrease in transcription factor levels, inhibition of oncogenic
miR-27a was observed. Transfection of cells with miR-27a par-
tially reversed the effects of QH (62). The anticancer activity of
metformin may be explained by increased expression of miR-
26a, which inhibits cell proliferation through downregulation
of Bcl-2 and cyclin-D and upregulation of PTEN (63). The most
recent papers describe the tumor suppressor effect of miR-508,
miR-377, miR-184 and miR-125a-5p (64-67).

Diagnostic miRNAs

Differential expression of miRNAs in RCC and nontumorous
renal tissue

Mary microRNAs are differentially expressed between RCC
subtypes and normal kidney tissue (Tab. I). Using a platform of
470 miRNAs, Nakada et al (68) identifiad 43 miRNAs that were
differentially expressed between ccRCC and normal kidney
and 57 miRNAs that were differentially expressed between
chromophobe RCC (chRCC) and normal kidney. MiR-141 and
miR-200c were the most significantly downregulated miRNAs
in ccRCC (58). Thirty-eight upregulated and 48 downregulat-
ed miRNAs in cancer tissue were detected in another study

E 2015 Wichtig Publishing



Fedorko et al 829
TABLE | - Differential expression of miRNAs between ccRCC and nontumor tissue
Author Year Differentially Most upregulated Most downregulated Ref.
expressed
miRNAs

Nakada 2008 43 miR-155, miR-224, miR-210 miR-141, miR-200c, miR-138, miR-514 68
etal
Jung 2009 76 miR-122, miR-18a, miR-452, miR-224, miR-184, miR-514, miR-200c, miR-141, 71
etal miR-210, miR-34b, miR-155, miR-21, miR-510, miR-138, miR-429, miR-200b,

miR-34z miR-200a
i 2010 86 miR-451, miR-144, miR-491-3p, miR-193a-3p, miR-141, miR-1248, miR-200a, miR-664, 69
etal miR-18k, miR-1280, miR-142-3p, miR-302f, miR-30a, miR-135a, miR-485-5p, miR-571,

miR-378, miR-15kb, miR-16 miR-10b, miR-200c
Juan 2010 35 miR-210, miR-155, miR-142-3p, miR-141, miR-200c, miR-514, miR-429, 70
etal miR-21, miR-392, miR-224, miR-34b, miR-377, miR-135a, miR-154, miR-200a,

miR-34a miR-200b, miR-204, miR-211, miR-411,

miR-10b
Chow 2010 80 miR-122, miR-210, miR-101, miR-19b, miR-489, miR-200c, miR-720, miR-150, miR-214, 72
etal miR-20b, miR-15a, miR-424, miR-17, miR-21, miR-1826, miR-182, miR-200b, miR-191
Osanto 2012 100 miR-21-5p, miR-451-3p, miR-210-3p, miR-125a-5p, miR-204-5p, miR-10a-5p, 102
etal miR-34a-5p, miR27a-3p, miR-342-3p, miR-10b-5p, miR-107-3p, miR-660-5p,
miR-200b-3p

Zaravinos 2014 434 miR-25-5p, miR-489, miR-711, miR-498, miR-10&b-3p, miR-141-3p, miR-858, 73
etal miR-3687, miR-122-5p, miR-3656, miR-21-5p miR-155-3p, miR-140-5p, miR-520
Wu et al 2012 56 miR-122, miR-210, miR-224, miR-885-5p, miR-200c, miR-141, miR-514, miR-204, 103

miR-7, miR-155, miR-144

miR-138&, miR-30a, miR-429

using a platform of 847 miRNAs in patients with ccRCC and
healthy controls (69). Juan et al (70) found 26 downregulated
and 9 upregulated miRNAs in ccRCC (including miR-21, miR-
210 and miR-155, as commeoenly found in other cancers). Jung
et al (71) identified 33 miRNAs with at least 2-fold change be-
tween ccRCC and nonmaligmant tissue. Chow et al {72) iden-
tified 80 differentially expressed miRNAs in ccRCC compared
to normal tissue, 33 of them classified as a high signal group.
MIR-122 and miR-200c were the most dysregulated. Zaravi-
nos et al {73) examined miRNA expression profiles in ccRCC,
a smaller cohort of papillary RCC (pRCC) and chRCC, and up-
per tract urothelial carcinoma versus normal kidney tissue.
In ccRCC, miR-3648, miR-143-3p, miR-25-5p, miR-623-3p,
miR-921 and miR-210 exhibited the best discriminatory abil-
ity versus normal kidney (73). In a study by Chang et al (74),
8 miRNAs were selected for tissue and serum analysis. MiR-
34a, miR-21 and miR-224 were significantly upregulated
whereas miR-141, miR-149 and miR-429 were significantly
downregulated. MiR-125-3p has been described as a prom-
ising diagnostic biomarker discriminating ccRCC tissues from
normal tissues with 73.5% accuracy (75). Low miR-129-3p
levels have been associated with short disease-free survival
(DFS) and overall survival (OS). Analysis of dysregulated miR-
NAs and miRNA-mRMNA dysregulation pairs may help identify
disease-specific miRNAs. In a study by Hao et al (78], 5 poten-
tial biomarkers were identified (miR-425, miR-136, miR-340,
miR-335 and miR-320d) (76). Table Il summarizes up- and
downregulated miRNAs that have been consistently reported
amaong various studies.

© 2015 Wichtig Publishing

MIRNA expression in different RCC subtypes

MIRMNA signatures can distinguish RCC subtypes (and
also oncocytoma). In the study by Zaravinos et al (73), de-
spite the small cohorts, very good discriminatory miRNAs
(AUC =D.8, p<0.05) were also found in pRCC (miR-3687, miR-
25-5p) and chRCC {miR-3687, miR-4284, miR-141-3p) versus
controls. Youssef et al {77) developed a 4-step decision tres
based on a group of miRNA pairs that — based on their dif-
ferent expression — can classify a sample as 1 of 2 possible
outcomes. Table 1l shows the miRNA pairs in consecutive
steps. The system has a sensitivity of 97% in distinguishing
normal kidney from RCC, 100% for ccRCC, 97% for pRCC, and
100% accuracy in distinguishing oncocytoma from chRCC.

Petillo et al {78) focused on the comparison between the
subtypes with the greatest genomic similarity {chRCC/oncocy-
toma, pRCC/ccRCC). Table IV summarizes both comparisons.
Oncogenic miR-21 has different expression among RCC sub-
types, with the highast levels being observed in ccRCC and
PRCC. Its expression can distinguish ccRCC and pRCC from
chRCC and oncocytoma with 90% specificity and §3% sensi-
tivity (79). In a study by Wach et al (280) examining 9 selected
miRNAs, the combination of miR-145, miR-210, miR-200c and
miR-502-3p correctly discriminated between tumor and nor-
mal tissue (accuracy of 92.9%), the combination of miR-145
and miR-502-3p predicted the RCC entity correctly in 95% of
patients {ccRCC vs. pRCC), and the combination of miR-210
and let-7c was able to corractly predict the pRCC subtype
{PRCCL vs. pRCC2) in 92.3%.
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TABLE Il - MiENAs consistently reported as upregulated or downregulated in RCC

Upregulated miRRAs Author, year (reference)

miR-210 MNakada et al, 2008 (68); Jung et al, 2009 (71); Chow et al, 2010 (72); Juan et al, 2010 (70); Slaby et al, 2010 (97);
Wu et al, 2012 (103); Osanto et al, 2012 (102); Redowva et al, 2013 (10); Zaravinos et al, 2014 (73)

miR-21 Jung et al, 2009 (71); Chow et al, 2010 (72); Juan et al, 2010 (70); Zhang et al, 2012 (28); Faragalla etal, 2012 (79);
Osanto et al, 2012 (102); Wu et al, 2012 (103); Cheng et al, 2013 (74); Wotschofsky et al, 2013 (109)

miR-155 Makada et al, 2008 (68); Jung et al, 2009 (71); Juan et al, 2010 (70); Slaby et al, 2010 (97); Wu et al, 2012 (103);
Osanto et al, 2012 (102); Redova et al, 2013 (10)

miR-122 MNakada et al, 2008 (68); Jung et al, 2009 {71); Chow et al, 2010 {72); Wu et al, 2012 {103}; Osante et al, 2012 {102);
Redova et al, 2013 {10)

miR-224 MNakada et al, 2008 (68); Jung et al, 2009 {71); luan et al, 2010 (70); Wu et al, 2012 {103); Osanto et al, 2012 {102);

Cheng et al, 2013 (74)

Downregulated miRNAs

miR-141 Makada et al, 2008 (68); Jung et al, 2009 (71); Juan et al, 2010 (70); Slaby et al, 2010 (37); Yi et al, 2010 (B9);
Osanto et al, 2012 (102); Hidaka et al, 2012 (42); Wu et al, 2012 {103); Redova et al, 2013 {10); Cheng et al, 2013 [74);
Wang et al, 2013 (17); Zaravinos et al, 2014 {73)

miR-200¢c Jung et al, 2009 (71); Chow et al, 2010 (72), Juan et al, 2010 (70); Slaby et al, 2010 (37); ¥i et al, 2010 (&3);
Hidaka et al, 2012 (42); Wu et al, 2012 (103); Redova et al, 2013 {10); Wang et al, 2013 (17}

miR-200b Jurng et al, 2009 (71); Chow et al, 2010 (72); Juan et al, 2010 (70); Slaby et al, 2010 (37); Osanto et al, 2012 {102);
Wu et al, 2012 (103); Redowva et al, 2013 (10)

miR-138 Makada et al, 2008 (68); Jung et al, 2009 (71); Wu et al, 2012 {103); Yamasaki et al, 2012 (24); Redova et al, 2013 {10);
Wang etal, 2013 (17)

miR-429 Jung et al, 2009 {71); Juan et al, 2010 {70), Osanto et al, 2012 (102); Wu et al, 2012 (103); Cheng et al, 2013 (74);
Redova et al, 2013 {10)

miR-204 Jung et al, 2009 (71); Juan et al, 2010 (70); Hidaka et al, 2012 (42); Wu et al, 2012 {103); Redova et al, 2013 {10)

miR-363 Jung et al, 2009 (71); Juan et al, 2010 (70); Hidaka et al, 2012 (42); Wu et al, 2012 {103); Wang et al, 2013 {17)

miR-200a Jung et al, 2009 (71); luan et al, 2010 (70); Yi et al, 2010 (69); Osanto et al, 2012 {102); Wu et al, 2012 {103);
Redova et al, 2013 (10)

miR-218 Juan et al, 2010 (70); Hidaka et al, 2012 (42); Wang et al, 2013 (17)

miR-532 Jung et al, 2009 (71); Chow et al, 2010 (72); Osanto et al, 2012 {102); Wu et al, 2012 (103); Redova et al, 2013 (10)

TABLE Il - Four-step decision tree discriminating normal tissue, RCC subtypes and oncocytoma (77)

Step 1 Step 2 Step 3 Step 4

Normal vs. kidney tumor ccRCC vs. other subtypes pPRCC vs. chRCC, oncocytoma chRCC vs, oncocytoma
(pPRCC, chRCC, oncocytoma)

miR-200c>miR-22 miR-124>miR-548m miR-331-3p>miR-139-5p miR-9%a>miR-200b
miR-194:=miR-15b miR-192>miR-221 miR-181>miR-221 miR-22>miR183
miR-324-5p=miR-34z miR-424:miR-183 miR-106a>miR-663 miR-625>miR-1300
miR-500=miR-425 miR-181b>miR-5663

miR-10b»>miR-28-3p miR-100=miR-182

miR-532-5p=>miR-%3 miR-15a>miR-22

miR-195>=miR-10a

miR-26b=let-Tg

£cRCC = clear-cell renal cell carcinoma; pRCC = papillary renal cell carcinoma; chRCC = chromophobe renal cell carcinoma.
Reprinted from Eurcpean Urology, Viel. 59, Y M. Youssef, N.MLAL White, 1. Grigull, A. Krizova, C. 3amy, 3. Mejia-Guerrern,. A Evans, G.M. Yousef, Accurate Molecular
Classification of Kidney Cancer Subtypes Using MicroRMA Signature, p. 721-730, Copyright 2011, with permission from Elsevier.

w © 2015 Wichtig Publishing
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TABLE IV - miRMNAs discriminating ccRCC vs. pRCC and chRCC vs. oncocytoma (78)

ccRCC ws, pRCC Average fold-change

chRCC vs. oncocytoma Average fold-change

miR-203 474
miR-424 4.34
miR-450 418
miR-13% 3.55
miR-143 3

miR-503 2.97
miR-224 2.54
miR-143 2.59
miR-126 2.27
miR-31 -451
miR-504 -2.62
miR-371 -2.55
miR-328 -1.68
miR-425 -15
miR-423 -1.36

miR-203 4439
miR-200b 288
miR-197 199
miR-320 15
miR-186 -2.88

ccRCC = clearcell renal cell carcinoma; pRCC = papillary renal cell carcinoma; chRCC = chromephobe renal cell carcinoma.
Adspted from Intemational Journal of Oncology, wol. 33, D. Petillo, EJ. Kort, ). Anema, KA. Furge, ¥). Yang, BTTeh, MicroRNA profiling of human kidney cancer

subtypes, p. 108-114, 2009, with permission from Spandidos Publications.

Circulating miRNAs as potential biomarkers of RCC

Serum miR-210 has been investigated as a biomarker
for the diagnosis and the detection of progression of ccRCC.
A study involving 34 ccRCC patients and 23 healthy controls
found significantly higher serum levels of miR-210 in the
patient group, with an AUC of 0.77 and a sensitivity and speci-
ficity of 65% and 83%, respectively (81). No association be-
tween miR-210 levels and age, sex, tumor size or existence of
metastasis was found in the study. In another study, serum
miR-210 levels yielded an AUC of 0.874 with a sensitivity of
81% and a specificity of 79.4%. In 10 samples 1 week after
surgery, the average serum level of miR-210 was significantly
decreased (82). Wulfken et al (83) compared miRNA profiles in
serum and tissue of RCC patients and identified 36 increased
circulating miRNAs that were overexpressed in corresponding
tumor tissues. Seven miRNAs were selected as diagnostic bio-
markers (miR-106b, miR-1233, miR-1290, miR-210, miR-7-1,
miR-320b and miR-33). The level of miR-1233 was significantly
increased in patients with RCC, although the diagnostic infor-
mation was below expectations (sensitivity 77%, specificity
37.6%, AUC 0.588) and benign tumors did not show different
miR-1233 levels (83).

MiR-378 and miR-451 have been put forward as prom-
ising serum biomarkers in RCC by Redova et al (84). Com-
bination of miR-378 and miR-451 in serum enabled the
identification of RCC with a sensitivity of 81%, a spacificity
of 83%, and an AUC of 0.86. However, Hauser et al {85) did
not confirm a different level of miR-378. Also, miR-378 was
not correlated with pT-stage.

© 2015 Wichtig Publishing
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A significant difference in plasma levels of miR-508-3p
was found in RCC patients compared with healthy controls
(86). MIR-503-5p was downregulated both in RCC tissus and
plasma of RCC patients (87). In a study by Cheng et al (74),
miR-34a, miR-21 and miR-224 were significantly upregulated
in the sera of patients with RCC (compared with patients hav-
ing benign lesiocns), whereas miR-141 was downregulated
(74). The serum levels of miR-21 significantly correlated with
the stage of ccRCC. Teixeira et al (88) observed higher plasma
levels of miR-221 and miR-222 in RCC patients. Patients hav-
ing metastases presented higher circulating levels of miR-221
than patients with no metastases. A significantly shorter 05
in patients with higher expression lavels of miR-221 was ob-
served (88).

Recently, Wang et al (89) introduced a panel of 5 serum
miRNAs for the early detection of RCC, including miR-193a-
3p, miR-362, miR-572, miR-28-5p and miR-378. The AUCs
for the combination were 0.807 (training set) and 0.796
(validation set).

Urinary miRNAs as potential biomarkers of RCC

There is limited information about urinary miRNAs in
RCC patients. Von Brandenstein et al {20) describad miR-15a,
which is related to protein kinase C alpha (PKCa), as being up-
regulated in benign oncocytoma but downregulated in RCC.
PKCa is a component of a transcription complax in tumors; it
directly binds to the primary transcript of miR-15a in the nu-
cleus and suppresses miR-15a. Therefore, miR-15a is upregu-
lated in RCC but downregulated in oncocytoma. The miR-15a
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TABLE V - Suggested prognostic miRNAs in renal cell carcinoma

MicroRMAs in renal cell carcinema

Author Year miRNA Expression Prognostic significance Ref.
(higher ws.
lower)

McCormick et al 2013  miR-210 H Lower stage and grade, better O3 9
Zaman et al 2012  miR-21 H Higher stage, worse O3 a2
Faragalla &t al 2012 miR-21 H Shorter DF5 and 05 79
Vergho et al 2014 miR-21/miR-126 H/L Shorter C55 o3
Fritz et al 2014 miR 21/10b H Poor prognosis in MO o4
Wang et al 2013  miR-100 H Worse 05 and C35 a5
Shinmei et al 2013  miR-155 L Poor prognosis in stage |l and IV 96
Slaby et al 2010 miR-106b L Higher risk of metastasis a7
Zhao et al 2013  miR-127 L Higher stage and grade, worse 05 44
Lietal 2013  miR-217 L Higher stage and grade, worse 035 98
Zhae et al 2015 miR-487 L Shorter O3 29
Fu et al 2014 miR-125b H Worse C55, early recurrence 108
Wotschofsky et al 2013  miR-514 L Primary M1 and recurrent 109
Heinzelmann et al 2011  miR-451, miR-221, miR-30a, miR-10b, L M1 ws. MO 100

miR-29a

miR-30a-d, miR-27b, let-7a-c, miR-26a, L Primary M1 vs. late M1 and MO

miR-125b, miR-130a

miR-10a, let-7c, miR-26a, miR-143, L Shorter PFS and C55

miR-19b, miR-126a, miR-130a
Heinzelmann &t al 2014 miR-204, miR-30c, miR-30a-3p, L M1 and distant metastasis vs. MO 101

miR-30a-5p, miR-30e-3p, miR-30e-5p,

miR-30c-2-3p

miR-30c L Shorter PF5 and CS5

miR-126, miR-145
Osanto et al 2012  miR-222-3p, miR-221-3p, miR-193a-3p, H M1 vs. nonrecurrent 102

miR-130b-3p, miR-181a2-3p, miR-188-5p,

miR-22-3p, miR-145a-5p

miR204-5p, miR-132-5p, miR-26-5p, L

miR-27b-3p
Wu et al 2012 miR-19%-5p, miR-130b H Worse C55 103

miR-10b, miR-138-5p L
Khella et al 2012 miRNA-10b, miR-128, miR-19&a, L Metastasis vs. primary tumor 104

miR-204, miR-215, miR-192, miR-194
Khella et al 2012 miR-215 L Reduced DF5 105
Slaby et al 2012  miR-143, miR-26a, miR-145, miR-10b, L Tumor relapse 106

miR-195, miR-126

miR-145, miR-126, miR-127-3p L Shorter relapse-free survival in MO

05 = owerall survival; DF3 = disease-free survival; C33 = cancer-specific survival; PF3 = progressionsfree survival;, H = higher; L = lower; M0 = nonmetastatic;

M1 = metastatic.

urinary levals are high in patients with RCC but undetectable
in oncocytoma or urinary tract infections (30).

MicroRNAs as biomarkers of RCC prognosis (Tab. V)

Better clinicopathological features have been reported
with high miR-210 expression (lower stage and grade) (3).
Based on miR-210 ccRCC tissue levels, patients weare sepa-
rated into 3 groups, and a better OS was observad in the
high miR-210 group. Samaan et al (91) reported shorter 05
and a greater chance of disease recurrence in patients with

W4

miR-210 overexpression; however, after adjusting for turmor
size and TNM stage the statistically significant association
was lost (91).

A correlation was found between miR-21 expression and
survival of RCC patients: all patients with low miR-21 expres-
sion survived 5 years, while only 50% of patients with high
miR-21 expression survived. Higher expression of miR-21 was
associated with more advanced stage of RCC (32). Significant-
ly shorter DFS and OS in patients with high miR-21 expression
was confirmed by another study involving 121 patients with
different RCC subtypes (highest miR-21 in ccRCC and pRCC)

@ 2015 Wichtig Publishing
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(73). In a study by Vergho et al (93), a significant correlation
of miR-21 upregulation and miR-126 downregulation with
metastasis and cancer-specific survival (CSS) was found ({393).
The miR{21/10b) ratio has been shown to be an independent
prognostic factor for MO ccRCC. A high miR{21/10b) ratio
was associated with poor prognosis, suggesting the need for
stricter surveillance in high-risk MO patients according to the
miR(21/10b) ratio (34). High miR-100 expression in RCC tissue
was identified as an independent poor prognostic marker of
both 05 and €SS (95). In patients with stage IIl and IV ccRCC,
low expression levels of miR-155 correlated with poor prog-
nosis (96). MiR-106b is significantly overexpressed in ccRCC
tissugs; however, its expression lavels are significantly lower
in tumors of patients who develop metastasis and miR-106b
may be a potential predictive marker of early metastasis after
nephrectomy (97). Lower expression of several tumor sup-
pressive miRMNAs is also associated with a worse prognosis
(44, 98, 93).

Of 33 miRNAs discriminating metastatic and nonmeta-
static ccRCC, miR-451, miR-221, miR-30a, miR-10b and
miR-29a showed the most significant downregulation. Ad-
ditionally, a group of 4 miRNAs (let-7a, let-7¢c, miR-26a,
miR-30c) distinguished the course of the diseasa (primary
metastatic, late metastatic, nonmetastatic). Low expres-
sion levels of miR-26a, miR-10a, mik-143, miR-19b and let-
7c showed a strong correlation with poor progression-frae
survival (PFS) and €SS, (100). A similar study comparing pri-
mary metastatic ccRCC and distant ccRCC metastases versus
nonmetastatic ccRCC showed 14 differently expressed miR-
NAs. Downregulated miR-30c and upregulated miR-126 and
miR-451 showed a significant correlation with PFS and CSS
(101). Osanto et al {102) found 12 miRNAs to be uniquely
discriminating between a metastatic and a nonrecurrent
subgroup of patients. According to the difference between
the miRNA expression in metastatic and localized renal tu-
maors, 4 miRNAs were chosan to build a2 metastatic tumaor
signature: miR-10b, miR-135-5p (downregulated), miR-130b
and miR-193b-5p (upregulated) (103). The wvalidation test
showed that the signature appeared to be more powerful in
identifying concurrent metastases (81%) than subsequent/
future metastasis of the primary tumors (69%); however, 22
of 239 patients who had metastatic dis=ase had high-risk pri-
mary tumors while 6 of 6 with no metastasis had low-risk
tumors predicted by the signature (sensitivity 76%, specific-
ity 100%). Another study of an independent set of 20 pairs
of metastatic ccRCC and matched primary tumors from the
same patients showed as the most significantly differantially
expressed miRNAs miR-10b, miR-126, miR-196a, miR-204,
miR-215, miR-192 and miR-154 (104). A further study of
miR-215, miR-152 and miR-215 by the same authors found
both a convergent effect (the same molecule can be tar-
geted by several miRNAs) and a divergent effact (the same
miRMA can control multiple targets). Lower expression of
miR-215 was associated with significantly reduced DFS time
{105).

Far the detection of early relapse after nephrectomy, miR-
143, miR-26a, miR-145, miR-10b, miR-195 and miR-126 wera
confirmed as being downregulated in RCC patients who deval-
oped tumer relapse. MiR-127-3p, miR-145 and miR-126 signif-
icantly correlated with relapse-free survival of nonmetastatic
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patients (108). Prolongad DFS for higher miR-126 levels and
lower levels in metastatic tumors were confirmed in a recent
study by Khella et al (107). High tumor miR-125b indicated
poor survival and early recurrence after nephrectomy for
patients with ccRCC, especially with advanced-stage disease
(108).

MiR-122 (upragulated) and miR-514 (downregulated)
were differently expressed between samplas of nonmeta-
static and metastatic ccRCC. The expression of miR-514 was
particularly downregulated in primary metastatic tumors and
those that recurred [109).

MiR-21, miR-126 and miR-221 can predict CSS in ccRCC
patients after nephrectomy with thrombectomy in case of in-
ferior vena cava thrombus (110).

MiIRNAs as biomarkers of treatment response

The microRNA signature in peripheral blood may stratify
patients with advanced RCC according to their response to
first-line treatment with sunitinib. Twenty-eight and 23 of
287 analyzed miRNAs were associated with poor response
(progression before 6 months) or prolonged response (pro-
gression after 18 months), respectively {111). In the poor
response model pre- and posttreatment levels of miR-192,
miR-193a-3p and miR-501-3p were compared; the prolongad
response model includad pretreatment miR-410b and miR-
1181c and miR-424c fold change.

In a study by Berkers et al (112), miR-141 downregulation-
driven EMT in ccRCC was linkad to an unfavorable response
to sunitinib therapy. Reintroduction of miR-141 in witro led to
EMT reversal and increased sensitivity to a hypoxic environ-
ment.

Two groups of patients with metastatic RCC treated with
sunitinib {marked sensitivity vs. resistance to sunitinib) were
compared in & recent study by Prior et al (113). MiR-942,
miR-628-5p, miR-133a and miR-484 were overexpressad in
sunitinib-resistant patients. MiR-942 significantly discrimi-
nated between the 2 patient groups. Time to progression
and OS5 were significantly reduced in patients with miR-942
expression above the mean. MiR-30a is a potent inhibitor of
autophagy (which contributas to cancer resistance to treat-
ment). Exogenous expression of miR-30a in RCC cells en-
hanced scrafenib-induced cytotoxicity, causing substantial
cell apoptosis (114). MiR-200c could sensitize ccRCC cells to
sorafenib and imafinib by targeting antiapoptotic heme oxy-
genase 1 (HO-1). A correlation was found betwesn miR-200c
and HO-1 levels and drug resistance {115).

Conclusion

MiRMNAs are involved in various pathogenatic mechanisms
of RCC developmeant. Although some of them directly affact
particular signaling pathways, the exact roles and gene tar-
gats of many differentially expressed miRNAs still have to be
elucidated. The reverse effect of either knockdown or resto-
ration of dysregulated miRNAs in vitro may herald the era of
new therapeutic targets. Differant expression of miRNAs in tu-
mor tissue, serumy/plasma and urine make miRNAs attractive
biomarkers for diagnosis and follow-up; several studies have
confirmed their consistent up- or downregulation in RCC. The
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use of a combination of miRNAs rather than a single miRNAis
desirable to identify suitable biomarkers for clinical practice.
MIRNA analysis of the primary tumor might be an important
tool for individual prognosis prediction. Specific miRNA signa-
turas in nonmetastatic, primary metastatic and recurrent RCC
may predict the course of the disease. In the management of
advanced RCC, the identification of treatment-sensitive ver-
sus rasistant tumors could lead to tailored therapy.
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Circulating miRNAs as diagnostic biomarkers

Several serum miRNAs have been shown to have relatively high accuracy in distinguishing
between tumour patients and healthy individuals. In a group of 68 patients with RCC, serum
miR-210 levels were significantly higher than in a control group of 42 healthy individuals (AUC
0.874 at a sensitivity of 81% and a specificity of 79%). One week after surgery, serum miR-
210 levels were significantly lower than before surgery (29). In a study of Czech authors, a
significantly higher level of miR-378 and a lower level of miR-451 were demonstrated. The
combination of both miRNAs identifies the serum of RCC patients with a sensitivity of 81%
and a specificity of 83%, AUC being 0.86 (30). Diagnostic accuracy can be increased by using
a panel of several mMiRNAs, e.g. a combination of miR-193a-3p, miR-362, miR-572, miR-28-
5p, miR-378 (31). Sensitivity of 100% and specificity of 73.3% for the diagnosis of ccCRCC is
described for the combination of miR-141 and miR-1233 (32).

Published work related to the topic:

Fedorko M, Stanik M, lliev R, Redova-Lojova M, Machackova T, Svoboda M, Pacik D,
Dolezel J, Slaby O. Combination of MiR-378 and MiR-210 Serum Levels Enables
Sensitive Detection of Renal Cell Carcinoma. Int J Mol Sci 2015; 16(10): 23382-23389.

IF 2,862

In this original work, we demonstrated significantly higher expression of miR-210 and miR-
378 in patients with ccRCC (serum sensitivity and specificity 80% and 76%, respectively, AUC
0.848) in a serum analysis of 195 patients with ccRCC and 100 healthy controls. At the same
time, a significant decrease in plasma levels of both miRNAs after surgical removal of the
tumour was demonstrated. A positive correlation between increased miR-378 levels and both

disease-free survival and the stage of the disease was confirmed.

Number of times cited (WoS, as of February 17" 2022): 52.
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Abstract: Serum microRNAs are emerging as a clinically useful tool for early and
non-mvasive detection of various cancer types including renal cell carcinoma (RCC).
Based on our previous results. we performed the study to analyze circulating serum
miR-378 and muR-210 m patients with various histological subtypes of RCC. ENA was
purified from blood serum samples of 195 RCC patients and 100 healthy controls. The levels
of nuR-378 and muR-210 m serum were deternuned absolutely using quantitative real-tune
PCE.. Pre- and postoperative levels of both microRNAs were compared i 20 RCC patients.
Significantly increased semum levels of both nuR-378 and miR-210 enabled to clearly
distinguish RCC patients and healthy controls with 80% sensitivity and 78% specificity if
analyzed in combination (p < 0.0001), and their levels significantly decreased i the time
period of three months after radical nephrectomy (p < 0.0001). Increased level of miR-378
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positively cormrelates with disease-free survival (p = 0.036) and clinical stage (p = 0.0476).
The analysis of serum miR-378 and nuR-210 proved their potential to serve as powerful
non-invasive diagnostic and prognostic biomarkers in RCC.

Keywords: renal cell carcinoma; nucroRNA; blood serum; biomarker

1. Introduction

Renal cell carcimmoma (RCC) 1s the most common neoplasm of adult kidney accounting for about
3% of adult malignancies with the mortality rate of over 40% [1]. There are several RCC subtypes,
which can be further differentiated based on listological features mcluding (1) clear cell RCC
{(conventional, 70%—80%); (i1) papillary RCC (10%6—15%); and (1i1) chromophobe RCC (5%) as the most
commeon variants [2]. Demographically, the incidence rates are the highest in Europe, North Amenica,
and Australia, with Czech Republic having the highest incidence rate worldwide. Although there 1s a
decreasing incidence of advanced stages of RCC (stage mugration) in European cohoris in the last
25 years [3.4]. the numbers of RCC patients diagnosed with advanced disease 1s still significant. As the
survival rates for patients with localized disease compared with patients with regional and distant
metastasis are sigmificantly better, 1t 1s of great interest to provide early detection and treatment.
Unfortunately, there is no standard serum biomarker enabling early and non-invasive diagnosis or
monttoring of the disease. Recent reports lughlighted the potential of serum microRNAs (muRINAs) to
serve as a suitable tool for improving the RCC management.

MiRNAs are non-protemn-coding. 18-25 nt in length, small ENAs mvolved i essential biological
processes by their ability to regulate gene expression in a post-transcriptional manner. There is
a growing number of evidence busting the myth of nuRINAs being strictly intracellular molecules,
confirming miRNAs in various body fluids, i e | serum/plasma, urine, and other body fluids i a highly
stable form with smular signatures in men and women. as well as mdviduals of different age [5].
Although the exastence of nuENAs 1 circulation and their ongmating from (1) mucrovesicles (released
by exocytosis); (1) exosomes (released upon fusion of late endosome with plasma membrane); or (111)
apoptotic vesicles and'or senescent bodies still remains to be clearly described and elucidated [6].
circulating BN As constitute an elegant tool for early detection of RCC.

In our study, we analyzed cuculating serum nuRNAs (nuR-378 and nuR-210. formerly studied n
both tissue and serum) [7-9] in patients with various histological subtypes of RCC by absolute
quantification with respect to relevant climcal-pathological features confirmung their potential to serve
as a powerful non-invasive diagnostic and prognostic biomarker in RCC.

2. Results

The serum expression levels of both nuR-378 and muR-210 were significantly mcreased m RCC
patients (n = 195) compared to healthy donors (n= 100) (< 0.0001 for both) (Figure 1A B), confirming
our previous results with miR-378 on an independent cohort of RCC patients. Recerver operating
characteristic (ROC) curve analysis revealed that the serum levels of both analyzed miENAs could serve
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as appropnate biomarkers for differentiating serum of RCC patients from healthy controls with the area
under curve (AUC) of 0.82 (95% CL 0.77 to 0.86) for miR-378, and 0.74 (95% CL 0.69 to 0.80) for
miR-210, respectively (Table 1), even in the case when RCC patients with early clinical stages (stage
ITI) were evaluated separately (p < 0.0001) MMoreover, the combination of miR-378 and muR-210 could
further improve the diagnostic accuracy with AUC of 0.85 (95% CI. 0.81 to 0.89, p < 0.0001) reachung
the 80% sensitivity and 78% specificity (Figure 1F).
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Figure 1. MiR-378 and miR-210 as biomarkers in renal cell carcinoma. Differences in serum
levels of nuR-378 (A) and nuR-210 (B) in RCC patients and healthy controls; dynanucs of
miR-378 (C) and muR-210 (D) levels m blood serum one week and three months after radical
nephrectomy; and positive correlation of miR-378 with disease free survival (E) and ROC
analysis of nmuR-378/muR-210 combmation for discrinunation of renal cell carcmoma
patients and healthy controls (F).
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When miR-378 and miR-210 serum levels were analyzed one week and three months after radical
nephrectomy. expression levels of both nuRNAs were significanily decreased m the time period of
three months (p < 0.0001) (Figure 1C.D).

Table 1. Summary of expression levels of nuR-378 and miR-210 detected m serum of
RCC patients and healthy controls expressed as median and interquartile range of

muRNA copies.

Clinical Characteristic

n

AMER-378

MiR-110

RCC patients vs. healthy controls

RCC 195 139 (109-278) 8544 (334427 269)
HC 100 83 (66-110) 2921 (15274933)
p-value p = 0.0001 p=10.0001
AUC 0.82 0.74
Histological subtype
clear cell RCC 137 155(109-270) 8111 (3288-26.929)
chromophobe RCC 12 201 (142-364) 9731 (3253-30.338)
papillary RCC 26 194 (83-281) 7760 (4551-23.223)
p-value p=04200 p=0.9990
Clinical stage
I 106 138 (104-238) 8775 (4385-25.151)
II 27 167 (113-230) 5000 (1904-17.732)
III 26 200 (152-268) 9078 (1561-27.439)
v 36 226 (124-483) 14909 (2683-36.245)
p-value p=0.0476 p=0.3085
Fohrman grade
Gl 34 141 (119-217) 8706 (3790-24.693)
G2 81 154 (102-287) 9999 (4151-32.338)
G3 55 159 (109-273) T136 (2727-25.998)
G4 17 221 (167-501) 7286 (2357-15.398)
not available 8
p-value p=0.1925 p=07516

We also analyzed whether nuR.-378 and nuR-210 serum expression levels were correlated to common
clmical-pathological features of RCC. We observed a comrelation between elevated serum muR-378
expression level and clinical stage (p = 0.0476), and nuR-378 expression level and disease free survival
i(p=0.036) (Figure 1E). We performed also the multivanate analysis of nuR-378 together with common
prognostic factors i RCC like T-, N-stage and Fuhrmann grade. Unfortunately, only T3 {(p = 0.001) and
N2 (p = 0.0006) stages were identified as mdependent prognostic factors. Circulating nuR-378 has not
reached statistical significance as imdependent prognostic factor i RCC (p = 0.1672).

However. netther serum muR-378 nor muR-210 levels were correlated with Fulrman grade
(p = 01925 for muR-378, p = 0.7516 for miR-210). and overall survival We have not observed any
difference in miENA levels among RCC lustological subtypes (p = 0.4200 for nuR-378. p = 0.9999
for muR-210).
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3. Discussion

FRegarding the emerging evidence of circulating nuENAs to serve as relevant non-invasive
biomarkers m cancer patients (e.g.. miR-141 and muR-26a in prostate cancer [10,11], nuR-29a and
miR-92 in colorectal cancer [12], miR-195 in breast cancer [13]. and based on our previous studies
regarding the mR-378 and nmuR-210 potential to serve as an accurate biomarker both 1n circulating and
tissue manner, we further evaluated these nuRNAs in serum mn the independent cohort of RCC patients
undergoing radical nephrectomy (# = 195) and healthy donors (7 = 100) using qRT-PCE. The present
study showed that both serum miR-378 and muR-210 expression levels were significantly higher in RCC
patients enabling clear distinguishing between RCC patients and healthy controls, even in early stages,
and that their combination could serve as a powerful diagnostic biomarker with high accuracy (AUC
0.8480. 80% sensitivity, 78% specificity). The mcreased serum levels of nuR-378 and nuR-210 were
observed also m the studies of Hauser et al (2012). who described elevated nuR-378 level i
25 ¢ccRCC patients (p = 0.006), but were not able to distinguish between larger cohort of RCC with
various histology and healthy controls [14], and Zhao er al (2013) who observed significantly higher
levels of muR-210 i the serum of 68 ccRCC patients (p < 0.001) [15]. Moreover. one of the typical and
most pronunent features of RCC tumors 1s hypoxia, and muR-210 1s one of the well described
so-called hypoxi-miRs [8]. We observed no changes 1n muR-378 and miR-210 serum levels one week
after radical nephrectomy. probably due to pro-longed half-lives of both nuR-378 and nuR-210.
However, in the time period of three months after surgery expression levels of both miRNAs
significantly decreased (p = 0.0001), which was observed also by Zanutto ef al. (2014) in colorectal
cancer [16]. For the first time. we have described association of elevated serum levels of miR-378 with
clinical stage (p =0.0476) and disease-free survival (p = 0.036), extending also the results of our previous
study [7]. Unfortunately, we were not able to prove circulating miR-378 as an independent prognostic
factor in RCC by multivariate analysis.

Our study has several limitations, which should be discussed. There was a study published showing
supertority of plasma over serum for circulating miRNAs analysis based on the release of platelets or
WBC miRNA contents to the serum during the coagulation process [17]. Our measurement should not
be biased from this perspective, because nuR-378 and nuR-210 were not shown to be associated with
platelet or WBCs. Another mitation 1s defimitely absolute quantification approach, which we have used
for determination of studied miRNAs disabling to elininate methodical inaccuracies, which could occur
in processing of every sample and. finally. could bias comparisons of different groups of samples.
However, we believe that the studied groups of patients and controls are large enough to overcome this
bias and, mainly, there is no conclusively-defined reference gene, which should be used for
normalization of circulating nmiRNAs expression.

In conclusion., serum muR-378 and nuR-210 (or therr combination) could serve as a powerful
diagnostic and even prognostic biomarker i management of RCC patients.
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4. Methods
4.1, Study Population

Serum samples from RCC patients were collected at the Masarvk Memonal Cancer Institute (WMMCT;
Brmo. Czech Republic) and University Hospital Bro (UHB; Brmo, Czech Republic). The study group
wmcluded patients diagnosed for RCC and undergoing radical nephrectomy at MMCI (n = 195; male:
133, female: 62, median age: 64), cancer-free blood donor volunteers (n = 100; male: 65, female: 35,
median age: 52) recruted from Department of Transfusion and Tissue Medicine of UHB, with no hastory
of any type of cancer, and twenty RCC patients from UHB with serum samples additionally collected
one week and three months after nephrectomy. Both cancer patients and healthy controls were of the
same ethmicity (Caucasian). Clinical and pathological characteristics mcluding stage and grade are
summarized i Table 1. RCC serum samples were collected after signing an mformed consent prior to
surgery and stored at MMCT Bank of Biological Matenial. The study (MZ09-MOU-SlabyOndre;-B) has
been approved by ethical commuttee of MMCT (3 September 2008).

4.2. RNA Isolafion

Blood serum samples were collected just before surgery and mitiation of any oncological treatment.
Blood was processed for serum within one hour after extraction. Serum was stored m Liquid mitrogen
and the median of storage time to endpomnt analysis was 20 months. Serum was obtamned by
centrifugation at 1200 g for 10 min at 4 °C. To complete the removal of residual cellular components,
serum samples were re-centrifuged at 12.000x= g for a further 10 min at 4 °C. Total ENA enniched for
small RNAs was 1solated using Qiagen nuRNeasy Mini Kit {Qiagen, GmbH, Hilden, Germany) from
250 uL of blood serum according to modified manufacturers” protocol (we added 1.25 pL of MS2 RNA
(0.8 pg/ul) to QLAzol (Qiagen. GmbH., Hilden, Gemmany). Concentration and punity of RNA were
determined by measuring its optical density (A260/280 = 2.0; A260/230 = 1.8) using NanoDrop
ND-1000 Spectrophotometer (Thermo Scientific, Wilmungton, DE. TUSA). The samples were erther
stored at —80 °C or further processed.

4.3. qRT-PCR Quantification of MiRNA Expression in Serum

MiR-378 and miR-210 were quantified by TagqMan MicroRNA Assays (Applied Biosystems,
Carlsbad, CA. USA) followmg reverse transcription (TagMan MicroRINA Reverse Transcription Kit,
Applied Biosystems) of 3 puL of RNA on Applied Biosystems 7500 instrument following the
manufacturers” protocols. To reduce the possible high intra-assay variance mtroduced by low abundant
miRNA a pre-amplification step using TagMan PreAmp Master Mix (Applied Biosystems) was
performed for serum ENA samples prior to nuR-210 analysis according to the manufacturer’s
instructions. Absolute quantification of miRNAs was performed in triplicate.

4 4. Statistics

Statistical analyses were performed using GraphPad Prism version 6 (GraphPad software, La Jolla,
CA.USA). Sensitivity, specificity and area under curve (AUC) for nuRNA levels were determuned using
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Receiver Operator Charactenistic (ROC) analysis. Clinical-pathological parameters and nuRNA levels
were correlated using the Mann—Whitney-U or Kruskal-Wallis-test, as appropriate. Kaplan-Meier
survival curves and long-rank test were used for survival analysis.

5. Conclusions

There are significantly increased levels of both miR-378 and nuR-210 i blood serum of RCC patients
when compared to age and gender-matched healthy donors. These miRNAs enable to clearly distinguish
RCC patients and healthy controls with 80% sensitivity and 78% specificity if analyzed in combination,
and their levels significantly decrease in the time period of three months after radical nephrectomy.
Moreover, increased levels of muR-378 correlates with disease-free survival and clinical stage in RCC
patients. In conclusion. analysis of nuR-378 and nuR-210 serum levels proved their potential to serve
as powerful non-invasive diagnostic and prognostic biomarkers i RCC.
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Diagnostic miRNAs in urine

A great advantage for the use of mMiRNAs in urine as biomarkers is their stability under different
conditions. So far, however, data on their use in the diagnosis of RCC are insufficient. Recent
work describes miR-30c-5p as a potential biomarker of early stage RCC. Its increased
expression inhibits the growth of tumour cells by depleting the target heat-shock protein 5 (33).
MiR-15a expression is significantly increased in the urine of RCC patients compared to healthy
subjects, with no difference between ccRCC, papillary RCC, and chromophobic RCC. On the
eighth day after nephrectomy, a 99.53% reduction in miR-15a expression was noted (34). The
expression of miR-210, which was mentioned as a potential serum biomarker, was significantly
increased in the urine of patients with ccRCC in one study. Sensitivity and specificity for
differentiation of patients and healthy subjects were 57.8%, resp. 80%, AUC 0.76 (35).

Published work related to the topic:

Fedorko M, Juracek J, Stanik M, Svoboda M, Poprach A, Buchler T, Pacik D, Dolezel J,
Slaby O. Detection of let-7 miRNAs in urine supernatant as potential diagnostic approach
in non-metastatic clear-cell renal cell carcinoma. Biochem Med 2017; 27(2): 411-417.

IF 3,051

This original work can be considered as one of the pilot studies on the use of urinary miRNAs
as a tool for RCC detection and the first study demonstrating the diagnostic potential of let-7a,

which was the best of the six miRNAs studied to distinguish ccRCC patients from healthy

controls.

Number of times cited (WoS, as of February 17" 2022): 26.
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Abstract

Introduction: Urinary microRMNAs (miRNAs) are emerging as a clinically useful tool for early and non-invasive detection of various types of cancer.
The aim of this study was to evaluate whether let=7 family miRNAs differ in their urinary concentrations hetween renal cell cardnoma (RCC) cases
and healthy contrals.

Materials and methods: n the case-control study, 69 non-metastatic clear-cell RCC patients and 36 gender/age-matched healthy controls were
prospectively enrolled. Total RNA was purified from cell-free supernatant of the 105 first morning urine specimens. Let-7 family miRNAs were deter-
mined in cell-free supernatant using quantitative miRNA real-time reverse-transcription PCR and absolute quantification approach.

Results: Concentrations of all let-7 miRKAs {let-7a, let=7h, let-7c, letTd, let-7e and let-Tg) were significantly higher in urine samples obtained from
RCC patients compared o healthy controls (P < 0.001; P < 0.001; P = 0.005; P = 0.008; P = 0.015 and P = 0.002, respectively). Subsequent ROC
analysis has shown that let-7a concentration possesses good ability to differentiate hetween cases and controls with area under curve being 0.8307
(sensitivity 71%, specificity 81%).

Conclusions: We have shown that let-7 miRNAs are abundant in the urine samples of patients with dear-cell RCC, and out of six let-7 family mem-
bers, let-7a outperforms the others and presenits promising nen-invasive biomarker for the detection of RCC.
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Introduction

are therefore necessary as there is no reliable diag-
nostic modality other than radiclogical imaging.

Renal cell carcinoma (RCC) accounts for 2-3% of all
malignant tumours. There are several histological

subtypes of RCC, with clear-cell (or conventional)
histological type being the most frequent, pre-
senting 70% - 80% of RCC cases (1). Despite a
steady decrease in mortality rates, RCC remains
one of the most lethal urclogical malignancies,
with 5-year relative survival 72% (1). For advanced
and metastatic RCCs (32% of all diagnosed cases),
5-year relative survival descends to 66% and 12%,
respectively. Biomarkers for early detection of RCC

hittps.//dx.doi.org/10.11613/BM.201 7.043

MicroRNAs (miRNAs) are short noncoding RNAs
that regulate gene expression at the posttranscrip-
tional level. They are involved in the number of
critical biological processes including carcinogen-
esis. Besides tumour tissues, they are also present
in different body fluids (e.g. serum, plasma, urine)
with a high degree of stability indicating their ex-
tensive biomarker potential (2). Although variety
of circulating miRNAs has been proposed as bio-
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markers of RCC, urinary miRNAs have been mostly
studied in bladder and prostate cancer (3).

The miRNA let-7 family is widely accepted as a tu-
mour suppressor miRNA with important role in
the regulation of cell cycle, cell differentiation and
apoptosis (4). Downregulation of the members of
let-7 family has been observed in various types of
tumaour tissue including RCC (5). Less frequent, up-
regulation of certain let-7 family members has also
been observed, suggesting that let-7 does not
play a tumour suppressor function under all cir-
cumstances and in all tissues (6). Higher levels of
let-7 miRNAs in urine has been reported in bladder
cancer (7). There are no data about urinary let-7
miRNAs in RCC, but increased urinary levels of
some of the let-7 family members were found in
patients with autosomal dominant polycystic kid-
ney disease suggesting their abundance in urine
and therefore also potential utility in other renal
diseases such as cancer (8).

Based on that, we hypothesize, that let-7 family
miRNAs differ in their concentrations in urine sam-
ples of RCC patients and heathy individuals, and
could be potentially useful as diagnostic biomark-
ers of RCC. To this end, the aim of our study was to
determine concentration of let-7 miRNAs in cell-
free supernatant in group of prospectively en-
rolled patients with non-metastatic clear cell RCC
and group of healthy controls, statistically evalu-
ate the differences in concentrations between the
groups and their ability to distinguish between
RCC cases and healthy controls.

Material and methods
Study design and subjects

Between May 2015 and December 2016, adults un-
dergoing partial or radical nephrectomy for RCC at
Department of Urology, University Hospital Brno
(UHB) were prospectively screened for participa-
tion in this observational case-control study. Inclu-
sion criteria included: histologically proven clear-
cell RCC, no distant metastasis or nodal involve-
ment. Exclusion criteria included: active malignan-
cy other than RCC, history of any malignancy, uri-
nary tract infection, foreign bodies in urinary tract

Biochemia Medica 201 Z,27(2L 411-7

and urolithiasis. Urine samplas of the cases were
collected prior to surgically treatment. In the same
time period participants of the control group were
enrolled. Healthy controls included patients surgi-
cally treated at UHB for benign urological condi-
tions like urethral stricture, phimaosis, undescend-
ed testicle, stress urinary incontinence, hydrocele,
benign prostatic hyperplasia, urethral caruncula,
vesical neck sclerosis, simple renal cyst. Patients
with active malignancy or history of any cancer,
urinary tract infection, and foreign bodies in uri-
nary tract or urolithiasis were excluded from con-
trol group. Urine samples of the control group
were collected during regular post-operative fol-
low-up visits. Study was approved by the Ethic
committee at UHB and all participants signed in-
formed consent before entering the study.

Qut of 76 RCC patients approached, 2 declined to
participate in the study, 15 patients were not in-
cluded due to papillary or chromophobe histolog-
ical type of RCC proved after surgery. Since we
were not focused on the follow-up of patients,
there was no additional drop-out from our study.
All 36 healthy controls approached, agreed to par-
ticipate on our study. Finally, 69 patients diag-
nosed with non-metastatic clear-cell RCC and 36
healthy controls were enrolled. Epidemiological
and clinical characteristics of the cases and con-
trols groups are summarized in Table 1.

Urine sampling and RNA isolation

The first morning urine samples were collected in
15 mL tubes (Sarstedt AG & Co., Numbrecht, Ger-
many) with EDTA used for nucleic acid preserva-
tion and kept at 4 °C till further processing. As the
next step, urine samples were centrifuged at 4 °C
at 2000qg for 15 minutes, and the cell-free superna-
tant was then collected and stored at — 80 °C until
analysis. Before RNA isolation another centrifuga-
tion of urine sample was performed at 4 °C at
12,000g for 15 minutes. Total RNA from 1 mL of
cell-free supernatant was isolated using manual
column-based method, Urine microRNA Purifica-
tion Kit (Norgen Biotek, Thorold, Ontario, Canada)
according to the manufacturer's instructions. RNA
concentration and purity was evaluated using Na-

hitps:/dolorg/ 10,1161 3/BM.201 7,043
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TasLe 1. Epidemiological and clinical characteristics of study
subjects.

ccRCC patients Healthy controls

N =69 N=36

Male {N, proportion) 50{0.72) 24 {0L57)
Age (years) 66 (33-87) 65 (40-79)
pT stage®

pl1 54 NA

pT2 4 NA

pT3 n NA

pT4 0 NA
pN stage*

pMO 69 NA

ph1 0 WA
pM stage*

pho 69 MNA

phil 0 MNA
Fuhrman grade'

Gi 1 MA

G2 40 NA

G3 13 MA

G4 5 A

*ITNM stages accordingly to American Joint Committes
on Cancer Staging Manual. "The grading scheme used in
RCC. RCC - renal cell carcinoma, ccRCC - clear-cell renal cell
carcinoma, NA - not applicable.

nodrop 2000 Spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). Only the samples
with concentration higher than 5 ng/uL and A260/
A280 higher than 1.3 were further analysed in the
study.

Quantitative miRNA real-time
reverse-transcription PCR

Concentrations of let-7a, let-7b, let-7c, let-7d, let-7e,
and let-7g were determined by quantitative miR-
NA real-time reverse-transcription PCR (gRT-PCR)
accordingly to TagMan MicroRNA assay protocol
(Thermo Fisher Scientific, Waltham, MA, USA)
Complementary DNA was synthesized from 10 ng
of total RNA in 15-pL reverse transcription (RT) re-
action using microRNA-specific stem-loop RT

https./dolorg/10.11613/BM.2017.043

primer and the TagMan® MicroRNA Reverse Tran-
scription Kit (Thermo Fisher Scientific) accordingly
to manufacturer’s recommendations. Real-time
PCR was performed in 20-uL PCR reaction with
1.33 L of RT product using specific TagMan® Mi-
croRNA assays (let-7a: ID000377, let-7h: 1DQ02619,
let-7c: IDO00379, let-7d: ID002283, let-7e: IDO02406,
let-7g: 1D002282; Therma Fisher Scientific) on
Roche LightCycler 480 PCR system (Roche, Basel,
Switzerland) accordingly to manufacturer’s recom-
mendations. The reactions were carried out in a
96-well optical plate at 95 °C for 10 minutes, fol-
lowed by 40 cycles of 95 °C for 15 seconds and 60
°C for 1 minute. All reactions were run in dupli-
cates. After the reaction, the treshold cycle (Ct) val-
ues were determined using the fixed threshold
settings, and the mean Ct values were calculated
from duplicates. For each miRNA assay, a dilution
series of synthetic miRNA oligo {IDT, Coralville,
lowa, USA) were carried out in parallel with gRT-
PCR of biclogical samples to generate an absolute
standard curve for quantification of let-7 concen-
trations. We also included inter-plate calibrator on
each plate for each assay enabling us to correct for
inter-plate variability. Quantitatively all measure-
ments were standardized by use of the same
amount of total RNA (10 ng) entering the reverse
transcription and PCR reaction. Ct values of bio-
logical samples were converted to absolute con-
centration of miRNAs in the cell-free supernatant
of the urine (fmol/L) based on relevant calibration
curve equation (Figure 1) based on the recently
described approach (9).

Statistical analysis

Statistical analysis was performed with GraphPad
Prism wversion 6.00 for Windows (GraphPad Soft-
ware, La Jolla California USA, www.graphpad.com).
To compare urinary concentrations of miRNAs be-
tween RCC cases and healthy controls non-para-
metric Mann-Whitney U test was used since our
experimental data do not follow a normal distribu-
tion. A P-value < 0.01 was considered statistically
significant. The ROC analysis was performed to
evaluate the ability of studied miRNAs to distin-
guish between urine of RCC patients and healthy
controls.

Biochermia Medica 201 7.2 72:401-7

413

61



Fedorka M. et al. Urinary let-7 miRNAs in renal cell carcinoma

A B
let-7a 40 » let-7b 35
15 F30
in a 14 5
T “
5 3 ban 2
¥ =-3361%+ 21,647 20 g ¥ =-3.552x + 18,543 Lis é
R =0.983 15 B R = 0.977 5
E F1lo =
E=0598 o 2 E=091
5 L5
0 o
4 3 2 1 0 1 4 3 2 1 0
Log (frnolL) Log (fmol/L)
C D
r A0
let-7¢ 15 let-7d
Las
0
3 ]
o
25 L
@ )
o5 ‘5
- L F20 bt
Y= '3'5 ?3:; ;?233-""5 5 B Y= -3.308%+ 24.762 g
=0 5 R = 0,979 rs g
=] 3
E=0.91 10 E E=097 r1e =
5 < Ls
[ r T T T /]
-3 -2 -1 0 1 2 4 -3 -3 -1 o 1
Log (fmalil) Log (fmaol/L)
E F
let-7e 40 let-7g
35
35
)
o w
) 25 g
s O r
¥ =-3.413x + 23.227 wn 2 0 ©
5 : T ¥ =-3.355% + 23.738 X s
Al = 0970 o e 5 =
15 E = 0,967 g
E=036 2 E-098 E
10 s 10 £
=
3 5
" r . . . 0 0
4 3 2 1 0 1 3 2 1 0 1 2
Log (frmeol/L) Log (fmal/L)

Ficure 1. Absolute standard curves for let-7a (A), let-7b (B), let-7c (C), let-7d (D), let-7e (E) and let-7g (F) used for calculaticn of let-7 mi-
croRNAs concentrations (frnal/L) in the urine samples. E - qPCR reaction efficiency.

Results
centration of RNA ranged from 5.1 to 17.3 with a

We successfully purified RNA from urine samples  median of 6.7 ng/ulL and the purity (A260/A280)
of 105 subjects enrolled into our study. The con-  ranged from 1.3 to 2.0 with a median of 1.5.
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The concentrations of all 8 miRNAs {let-7a, let-7h,
let-7c, |let-7d, let-7e, and let-7g) were significantly
higher in urine samples obtained from RCC cases
compared to healthy controls (P < 0.001; P < 0.007;
P = 0.005; P = 0.006; P = 0.015 and P = 0.002, re-
spectively; Table 2. Subsequent ROC analysis was
performed to evaluate ability of urinary miRNAs to
distinguish between RCC cases and controls. ROC
curves indicated that urine concentration of let-7a
possess satisfactory ability to differentiate be-
tween patients and controls with the AUC being
0.8307 {Figure 2A,B). The remaining let-7 miRNAs
showed inferior analytical performance (AUC <
0.75; summarized in Table 2). We further evaluated
analytical performance of combination of all let-7
miRNAs with AUC being 0.83.

Discussion

Noninvasive biomarker of RCC in urine presents a
significant unmet medical need of urologic oncol-
ogy. To prove our hypothesis that let-7 miRNAs
concentrations in urine differ between RCC cases
and healthy controls, we used the case-control de-
sign performed prospectively enabling us to con-
trol pre-analytical conditions, sample handling
and processing. Common approaches to miRNA
clinical testing include small RNA sequencing, gRT-
PCR, miRNA microarray, multiplexed miRNA detec
tion with color-coded probe pairs, and miRNA in
situ hybridization. We decided to use gRT-PCR,
since our approach is targeted and this method
has several advantages in comparison to others:

TagLE 2. MiRMNA concentrations in urine of RCC patients and healthy contraols,

miRNA

RCC patients Healthy controls P-value AUC Sens. (%)  Spec. (%)
let-7a, fmol/L 7.510 (2.668-14.250) 1.525 (0.673-3.368) < 0.001 0.83 71 81
let-7b, fmel/L 3.500(1.835-6.160) 1.350 (0.1400-2.880) < 0.00 0.75 73 67
let-7¢, fmol/L 9,350 (4.090-18.82) 5.115 {2.180-9,253) 0.005 0,67 65 62
let-7d, fmaol/L 5.540 (2.450-11.88) 3.505 (1.705-5.145) 0.006 0.66 66 61
let-7e, fmol/L 58.9 (25.03-106.6) 32.35(15.33-63.60) 0.5 0.65 62 61
let-7g, fmol/L 2248 (11.46-35.19) 12.89 (5.72-19.64) 0.002 0.69 70 60
Values of MIRNA concentrations are presented as median (interquartile range). AUC - Area under curve; Sens. - Sensitivity; Spec. -
Specificity.
let-7a P < 0.001 let-7a

— 10000 1007

°
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Ficure 2. Differences of let-7a concentration between RCC patients and controls.
(A) Absolute concentrations of let-7a was determined by gRT-PCR in urine of RCC patients (M = 69) and healthy individuals (N = 36).
(B} ROC analysis of let-7a to evaluate the ability to distinguish ROC patients and healthy controls. AUC - area under curve.

hittps:idol.org/10.11613/BM.2017.043

Biochemia Medica 201 7.27(2411-7

415

63



Fedorko M. et ai.

Urinary let-7 miRNAs in renal cell carcinoma

high dynamic range, high sensitivity and specifici-
ty, small requests on RNA input, it is widely used in
clinical diagnostics and comparatively inexpen-
sive,

In our study, we confirmed our hypothesis, and
found that urinary concentrations of let-7 miRNAs
in RCC patients are significantly higher compared
to healthy controls. Let-7a concentrations enabled
to discriminate urine of the RCC patients and con-
trols with a sensitivity of 71% and specificity of
81%, suggesting its diagnostic value for detection
of RCC. We further evaluated analytical perfor-
mance of combination of all let-7 miRNAs and
there was no notable increase in AUC values ob-
served in comparison to let-7a used as the only bi-
omarker.

In contrast to bladder or prostate cancer, data
about urinary miRNAs in RCC are sparse. In the pi-
lot study of von Brandenstein et al. (23 RCC pa-
tients, 5 controls), higher levels of miR-15a were
found in urine of RCC patients but was undetecta-
ble in oncocytoma, other tumours or urinary in-
fection (10). In the recent study of Guorong et al,
urinary levels of miR-210 were found to be signifi-
cantly higher in patients with clear-cell RCC (N =
75) compared to healthy controls (N = 45), with
sensitivity, specificity and the area under ROC
curve 57.8%, B0% and 0.76, respectively. In addi-
tion, the expression levels of urinary miR-210 sig-
nificantly decreased one week after surgery (11).
Based on our results, urinary let-7a indicates supe-
rior analytical performance to urinary miR-210
studied by Guorong et al. (AUC 0.83 vs. 0.76). Al-
though analytical characteristics of urinary let-7a
seem to be promising, there are not sufficient for
clinical application of let-7a as the only biomarker.
However, we believe, that urinary let-7a could add
significant diagnostic value if combined with oth-
er emerging biomarkers in RCC or for monitoring
of the RCC patients with initially increased levels of
this biomarker. Analogically to other biomarkers in
various cancers (e.g. carcinoembryonic antigen in
colorectal cancer), we suppose, that in RCC, secre-

Biochemia Medica 201 7.2 7(2); 411-7

tion of the let-7a presents biological feature of the
subset and not all RCC cases.

Our study has several limitations, which should be
discussed. The main limitation is the small group
of RCC cases and controls and absence of the inde-
pendent validation set. To this end, our study is a
pilot study showing diagnostic potential of urinary
let-7a concentrations in detection of RCC, but fur-
ther independent studies are needed to confirm
our results. Another limitation is absolute quantifi-
cation approach, which we used for determination
of studied urinary miRNAs disabling to eliminate
methodical inaccuracies, which could occur in pro-
cessing of every sample and, finally, could bias
comparisons of different groups of samples. There
were some transcripts used for normalization of
urinary miRNAs (e.g. RNUGB or RNU48) (3), but to
our knowledge there is no consensual reference
gene. Therefore, we decided to use absolute quan-
tification and to overcome this potential techno-
logical variability or bias, we implemented stand-
ardized protocols for urine samples collection,
handling and storage.

In conclusion, we showed that let-7 miRNA family
members are abundant in the urine cell-free su
pernatant of patients with clear-cell RCC, and con-
firmed our hypothesis, that let-7 miRNAs have dif-
ferent concentrations in the urine of RCC cases and
healthy controls. Out of six let-7 members ana-
lysed, let-7a outperforms the others and may be
considered as a promising noninvasive biomarker
for the detection of clear-cell RCC.
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MiRNAs as prognostic biomarkers of RCC

Sufficient evidence can be found in the literature that aberrant miRNA expression affects the
survival of patients with RCC, so the use of these miRNAs as biomarkers to identify patients at
risk of disease relapse or progression can be considered. Most of the work concerns the
determination of miRNA expression in tumour tissue. The works of Czech authors have a
significant representation here. One of the pilot studies in this area was the study of miR-106b,
the expression of which is significantly lower in patients who have metastasized and may
therefore be a biomarker of early RCC metastasis after nephrectomy (36). Another of the Czech
papers describes the reduced expression of miR-143, miR-26a, miR-145, miR-10b, miR-195
and miR-126 in patients with RCC relapse and primary metastatic tumour. In addition, it
demonstrated a significant correlation with relapse-free survival for miR-127-3p and miR-126
(37). MiRNAs with increased expression and at the same time worse prognosis of RCC patients
also include miR-21, miR-1260b, miR-210, miR-100, miR-125b, miR-221, miR-630, and miR-
497, while lower expression and worse prognosis is described for miR-99a, miR-1826, miR-
215, miR-217, miR-187, miR-129-3p, miR-23b and miR-27b (38). The role of decreased miR-
126 expression as a biomarker of early relapse of ccRCC has been confirmed in recent research
(39). At the time of targeted biologic therapy, the potential role of miRNAs as biomarkers for
estimating therapeutic response in metastatic tumours appears. In patients treated with sunitinib,
there was a significantly longer time to progression in patients with reduced expression of miR-
155 and miR-484 in tumour tissue (40). Down-regulation of miR-141 is also associated with a
poor response to sunitinib treatment (41). Sunitinib-resistant patients show higher expression
of miR-942, miR-628-5p, miR-133a and miR-484 (42).
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Abstract MicroFN As {miRN As) have been proven to be im-
portant oncogenes and fumor suppressors in wide range of
cancers, including renal cell carcinoma (RCC). In our study,
we evaluated miRNA-429 as potential diagnostic/prognostic
biomarker i 172 clear cell RCC patients and as a potential
regulator of epithelial-mesenchymal transition ( EMT) in vitro.
We demonstrated that miR-429 is down-regulated in tumor
tissue samples (P < 0.0001) and is significantly associated
with cancer metastasis (P < 0.0001), shorter disease-free
(P = 0.0105), and overall survival (P = 0.0020). In addition,
ectopic expression of miR-429 in 786-0 RCC cells followed
by TGF-p treamment led to increase in the levels of E-cadherin
expression (F < 0.0001) and suppression of cellular migration
(P < 0.0001) in comparison to TGF-f-treated controls. Taken
together, our findings suggest that miR-429 may serve as
promising diagnostic and pmognostic biomarker in RCC pa-
tients. We further suggest that miR-429 has a capacity to -
hibit loss of E-cadherin in RCC cells undergoing EMT and
consequently attenuate their motility.

Tana Machackova and Hana Mlcochova contributed equally to the
TATSCTIPE.

=] Ondrej Slaby
omslaby @ grmnil com

Central Buropean Institute of Technology (CEITEC), Masaryk
University, University Campus Bohunice, Bulding A35, Room 217,
Kamenice 5, 625 00 Brono, Cazch Republic

= Department of Umlogic Oncology, Masarvk Memonal Cancer
Institute, Brno, Czech Republic

Department of Umnlogy, University Hospital Bmo and Masaryk
University, Bmo, Czech Republic

Department of Comprehensive Cancer Care, Masarvk Memonal
Cancer Institute, Brno, Czech Republic

Keywords Fenal cell carcinoma - Epithelial-mesenchymal
transition - microRNA - miR-429 - E-cadherin

Introduction

Renal cell carcinoma (RCC) comprises of various cancer sub-
types characterized by different genetic drvers, histological pat-
tems, and clinical outcome resuling in different responses to the
therapy [1] The most common subtype of RCC is clear cell
renal cell carcinoma (ccRCC) accounting for approximately
70 % of cases [2]. Due to the lack of sensitive diagnostic
markers, high percentage of RCC patients is still diagnosed with
metastatic disease [3]. Five years overall survival is reached by
55 % of patents, whereas in metastatic RCC, this percentage
decreases rapidly to 10 %. In recent years short non-coding
RNA molecules called microRNAs (miRNAs) have emerged
as critical modulators of broad spectrum of cellular biological
processes thmugh post-ranscriptional regulation of mRNA ex-
pression levels mainly by binding to 3’ end of the untranslated
mRMNA region [4-6]. MiRNAs were also proven to be mvolved
in the epithelial-mesenchymal ransition (EMT), the process pri-
marily responsible for metastatic development [7-9]. Members
of the miR-200 family (miR-200a, miR-200b, miR-200c, miR-
141, miR-429) and miR-205 are among the first described
miBNAs paricipating in the EMT process [10]. Inactivation
of these tumor suppressor molecules is considered to be the
EMT's inmal step. Loss of miR-200 family members causes
up-regulation of expression levels of EMT inducers, ZER1
and ZEB2, which further regulate expression of EMT-
associated genes such as E-cadherin through double negative
feedback loop [11, 12]. Under physiclogical conditions, E-
cadherin plays an important role in adherent junctions between
epithelial cells and suppresses tumor cell invasion and metasta-
sis. One of the most prominent features of the EMT process is
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loss of E-cadhermn [13, 14]. Tumor cells lose contact with each
other and undergo multiple molecular changes, which can lead
to fumor progression and finally development of metastatic dis-
ease. [n the present study, we soughtto determine the expression
profiles of miR-429 in ccRCC tumor tissue, adjacent renal pa-
renchyma, and metastases: its association with ccRCC clinico-
pathological features; and also the role of miR-429 in tumor cell
migrfion and EMT in renal cell carcinoma lines in vitro.

Methods
Patient samples

One hundred eighty-seven patients diagnosed with ceRCC and
surgically treated at the Masaryk Memonal Cancer Institute i
Bmo (Department of Urclogic Oncology) and University
Heospital Bmo (Department of Urology), Czech Republic, were
included i this sudy. In addition to primary tumor tissue, 45
samples which comespond to non-malignant kidney cortex
were obtained during surgery from the same kidney as corre-
sponding tumor tissue and 12 tissue samples wemre taken from
ccRCC metastasis. All samples were frozen immediately after
surgical resection in liquid nitrogen and further stored at
—80 °C until RNA extraction. Patients did not receive any
nec-adjuvant treatment before surgery. All ccRCC patients
were of Czech origin and clinically and histologically verified
as clear cell type carcinoma Clinical stages were determined
according to the 2011 Union for Intemational Cancer Control
THNM classification. All patients included m the study signed
informed consent forms and the study was approved by the
local Ethical Board at the Masaryk Memonal Cancer Instiute
and University Hospital Bmo. Patient clinical chamctenstics
are summarnzed in Table 1.

RNA isolation, reverse transcription, and real-time PCR

Total RNA was isolated from frozen tumor tissue samples,
adjacent renal parenchyma, and metastases using
mirVanaTM miENA wsolation kit ( Ambion, TX, USA) and
from cell line samples using TRIzol (Life Technologies. CA,
USA). The RNA concenfraions and punty were measured
spectrophotometrically at 260280 nm using NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific, DE, USA).
Total RN A was reverse-transcribed using TagMan
MicroRNA Reverse Transcription Kit (Applied Biosystems)
and High-Capacity Reverse Transcription Kit (Applied
Biosystems). The gPCR was performed using TagMan
Universal Master Mx IL. no UNG (Applied Biosystems) and
TagMan Gene Expresson MasterMix (Applied Biosystems)
and QuantStudio 12 K Flex Real-Time PCR System accord-
ing to manufacturer’s recommendations. The quantificaion
cycle (Cq) data were calculated using the defalt threshold
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Table1 Patients chamctenstics
Charactenstics MNumber of patents
Sample type
Tumor tissue sample 187
Renal parenchyma 45
Metastasis 12
Grender
Male 126
Female 61
Ape
Medimn (range) 65 (31-86)
TNM stage
I 96
Il 18
1} 27
IV 46
Fuhmman grade
| 37
2 Bl
3 52
4 17

Disease-free survival

Without relapse
Developed relapse
Orverall survival
Alive patients
Dhead patients

53 (3-121) months
14 (2—60) months

53 (3-126) months
15 (1-89) months

setings set up at level 0.2, All miRNA and gene expression
values were calculated according to the following formula:
2% and normalized to RNU48 for miRNA analysis and to
PPIA for E-cadhernin expression analysis. All samples were
nm in duplicates.

Cell culture and in vitro studies

Renal cell carcinoma cell lines ACHN and 786-0 were obtain-
ed from ATCC (CA, USA) and maintained in recommended
media supplemented with 10 % fetal bovine serum, 2 mM
glutamax, 100 U/ml penicillin G, and 0.1 pg/ml streptomycin.
For transfection experiments, Lipofectamine® RNAIMA X re-
agent (Invirogen, CA, USA)pand 33.3 nM pre-miR-42%neg-
ative control #1 {Ambion) were used according to manufac-
turer’s protocol. To induce EMT, cells were treated with
10 ng/ml of recombinant human transforming growth
factor-3 (TGF-5 ) (Applied Biosystems). To study the role of
miR-429 in EMT process in vitro, RCC cell lines were plated
in 24-well plates 24 h prior to transfection. EMT was induced
by TGF-B 1 day after transfection in ACHN (25 = 10° cells/
well) and 786-0 (20 = 10* cells/well) cells. To study
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expression profiles, cells were harvested with Qiazol (Qiagen.
Germany) for total RNA isolation 4 days after reatment and
levels of miR-42%9 and E-cadherin were evaluated by RT-
gPCR. Values are presented as means of three independent
experiments. For scratch assay experiments. cells were
transfected with pre-miR-429negative control #1 (MOCK)
and treated with 10 ng/ml of TGF-f 1 day after seeding.
Using TS scratch software, differences in cell-free area was
evaluated 24 h (ACHN) and 12 h (786-0) after scraich was
made.

Data analysis

Differences between subgroups were tested by non-parametric
Mann-Whitney { test. Differences between in vitro experiments
were evaluated by 1 test. ROC analysis was perfommed to identify
the optimal miR-429 cutoff value enabling discrimination of pa-
tients accordingly to their DFS and O8. Survival analyses were
calculated by Kaplan-Meier method using log-rank test. P values
less than 0.05 were considered to be statistcally significant.

Results
We determined expression levels of miR-429 in 172 tissue

samples of ccRCC primary tumaors, 45 renal parenchyma
tissues, and 12 metastases. We observed significantly
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lower levels of miR-429 in tumor tissue and metastasis
compared to renal parenchyma (P < 0.0001) (Fig. la, b).
Lower expression of miR-429 was identified also in me-
tastases when compared to primary tumor tissue
(P = 0.0391). MiR-429 expression levels negatively cor-
related with TNM stage (stage [ + II versus stage [T + IV;
P < 0.0001) (Fig. 1b) and Fuhrman grade (grade 1 + 2,
grade 3 + 4; P < 0.0001) n ccRCC. Further, we evaluated
the association of miR-429 expression and disease-free
survival (DFS) and overall survival (OS) in «cRCC pa-
tients. Patients with higher expression levels of miR-429
showed significantly longer DFS after radical nephrecto-
my than patients with lower expression levels of miR-429
(P = 0.0105) (Fig. lc). Survival analysis also showed that
lower levels of miR-429 are associated with shorter OS of
ccRCC patients (P = 0.0020) (Fig. 1d).

To determine the role of miR-429 in EMT in vitro, E-
cadherin expression together with cell migratory capacity
was studied in ACHN and 786-0 RCC cell lines by the
use of TGF-B treatment to induce EMT and transfection
of pre-miR-429 to increase the levels of miR-429.
Expression levels of E-cadherin were measured 4 days
after transfection and'or treatment. We observed a de-
crease in E-cadhenn levels after TGF-B treatment, which
was more prominent in 786-0 cell line (Fig. 2a. b).
There was no effect of TGF-f on RCC cells transfected
with premiR-429 prior to TGF-f treatment indicating
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Fig. 2 MiR-429 mvolvement in
the regulation of E<adherin and
cell motility. Effects of actopic
expression of miR-429 on the
levels of E<adhenn m TGF-§
treated ACHN (a) and 7860 (b)
ROC cell lings. Soratch migration
assay for ACHN (e, e) and 786-0
i{d, ) was conducted 12 W24 h
after transfection with pre-miR-
429, Images of RCC cells are
presented as migmtion under
three different conditions:
negative control (MOCE), TGF-
f treatment, pre-miR 429 4+ TGE-
i reatment (magnification *4(0).
[atn are presented as the mean of
three expeniments and the bars
present the standard deviation
(8D} of the mean. *# P =001,
wEks P (0001
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capacity of miR-429 to inhibit E-cadhenn loss induced
by EMT. There was no effect of TGF- treatment on E-
cadherin expression levels m ACHN cells. We observed
significant increase of E-cadherin levels in control
ACHN cells after transfection with pre-miR-429
(P < 0.01); however, this effect was lost after TGF-
treatment (Fig. 2a). Further, migratory capacity of RCC
cells was assessed by scratch wound assay. One day after
transfection and treatment, the scratch wound assay was
performed and after 12 h (786-0) and 24 h (ACHN),
relative migration was evaluated. 786-0 cell line showed
significantly increased relative cell migration after treat-
ment with TGF-f in comparison to control cells
(P = 0.0011). This potentiation of cell migraton induced
by TGF-p treatment in T786-0 was not observed in cells
transfected with pre-miR-429 prior to treatment
(P < 0.0001) (Fig. 2d, f). In ACHN cell line, we did
not show any differences in relative cell migration
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ACHN (metastatic)

786-0 (primary)

Ralvive sxprassion of E-cadhernin (3-001)

Relative Cell Migration

regardless of wransfection and/or treament (Fig. 2c, e).
These results indicate the ability of miR-429 to mhibit
effects of TGF-B on cell migration in the 786-0 cell line.

Discussion

Approximately 40 % of all RCC patients with localized disease
develops relapse of the disease after radical surgical removal of
the tumor. This high rate of recurrence for clinically localized
disease after nephrectomy underscores the importance of post-
surgical surveillance [15, 16]. In recent years, miRNAs have
been described as important regulators of EMT playing roles
m metastatic development of RCC, which can also serve as
potential biomarkers or therapeutic targets in RCC [17]

In our study, we observed significant decrease in miR-429
expression levels m primary umors and metastasis of ccRCC
patients. In addiion, down-regulation of miR-429 was
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associated with shorter DFS and OS. Our results are in accor
dance with the number of smdies descnibing down-regulation
of miR-429 in tumor tissue of renal cell carcinoma [18] and
wide range of other cancers: colorectal carcinoma [19], hepa-
tocellular carcinoma [20], cervical carcinoma [21], nasopha-
ryngeal carcmoma [22], and in non-small hng carcinoma
(NSCLC) [23]. Lower serum levels of miR-429 were also
associated with poor overall survival of NSCLC patients sug-
gesting its prognostic valie in NSCLC [23]. In another study,
elevation of miR-429 serum levels in NSCLC patients com-
pared to controls was reported [24].

Recently, miR-429 was described as a potential regulator of
E-cadherin restoration during EMT in bladder cancer [25];
however, its effects in EMT in ccRCC are not fully under-
stood. Based on our results, we suggest that miR-429 has a
capacity to mhibit loss of E-cadherin expression induced by
TGF-f treatment in RCC cells followed by decreased cell
migration capacity. Using scratch wound assay, an ability of
miR-429 to reverse effects of TGF-f on cell migration m 786-
0 cell line derived from non-metastatic RCC was proved.

ACHN is a metastatic RCC cell line, which already
underwent EMT, therefore TGF-f treatment had no effect
on their phenotype and also transient over-expression of
miR-429 m these cells followed with TGF-J treatment does
not result in any changes oftheir migration capacity. Effects of
miR-429 and other members of miR-200 family on regulation
of E-cadherin expression level during TGF- B-induced EMT
were studied in several studies with various results in regard to
the cell Ime used [26, 27]. For nstance, down-regulation of E-
cadherin was previously reported in ACHN cells after TGF-f
treatment, but no changes were observed in cell migration
[28]. Confrary to these results, Caki-2 cell line does not prove
amy E-cadherin expression before/after TGF-3 treatment, but
TGF-p treatment was followed by significantly higher motil-
ity of cells compared to controls. In addition, these changes
were followed by sigmficant cell shape alternation after
TGF-f weament [28]. In agreement with our observatons,
elevated invasiveness and metastatic ability of luman 786-0
renal carcmoma cell line after TGF-f treatment were previ-
ously studied by Huang et al. [29]. It was suggested that
TGF-f induces the expression of Fascinl and thus improves
metastafic potential in 7T86-0. These observations were report-
ed also in the gasmc cancer cells MKN4 S [30].

In conchision, we found out that miR-429 1s sigmificanthy
down-regulated in tumor and metastatic tissue of ccRCC pa-
tients compared to adjacent renal parenchyma. In addition,
decreased levels of miR-429 were linked to shorter DFS and
08, In vitro experiments showed ability of miR-429 to sup-
press the cell motility through inhibition of E-cadherin loss
induced by TGF-§ treatment in non-metastatic 786-0 carcino-
ma cell line. Our data suggest that miR-429 acts as a tumor
suppressor with role in metastatic development. especially
through modulation of E-cadherin expression.
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6.1.2. PIWI-interacting RNAs

As already mentioned in the miRNA characteristics, interaction at the RNA level, i.e. so-called
RNA silencing, is one of the key regulatory processes within eukaryotic organisms. PIRNAS
(PIWI-interacting RNAs) are short RNAs (24-32 nucleotides) that form RNA-induced
guenching complexes with PIWI proteins, belonging to the family of so-called Argonaut
proteins. PIWI proteins (P-element-induced wimpy testes) are expressed mainly in germ cells
in the gonads and pi-RNA regulation is important for maintaining normal gametogenesis and
reproduction (43). In addition to germ cells, piRNAs also perform regulatory functions in
somatic cells (chromatin modification, attenuation of transposons to maintain genomic
stability). In addition, however, they play an important role in the pathogenesis of various solid
tumours by influencing apoptosis, proliferation, gene stability, invasion and metastasis of

tumour cells (44).

Germline cells Somatic cells
PIWI-piRNA
Germ cell formation / Stem cell
maintenance maintenance

| Spermiogenesis / oogenesis | Migration, EMT
| Transposon silencing ‘

Tumarigenesis

’ Genomic integrity ‘

| Epigenetic regulation r

Fig. 12. Schematic representation of the cellular functions of PIWI-piRNA. Adapted from
Litwin et al. (45).

PiRNAs as tumour biomarkers

Compared to non-tumour tissue, different expression of many piRNAs was demonstrated in
tumour cell lines. Different levels of some piRNAs in peripheral blood (piR-651, piR-823 in

gastric cancer, piR-5937, piR-28876 in colorectal cancer) were confirmed in studies on other
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solid tumours (46). Thus, they may be potential biomarkers for the diagnosis and prognosis of

cancer.
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Abstract. Background: Renal cell carcinoma (RCC) is the
mast comimon neoplasn of adult kidrey accounting for abour
3% of adult malignancies. P-Element induced wimpy rests
{PIWI)-interacting RNAs (piRNAs) are a new class of natrally
occurring, short non-coding RNAs involved in silencing of
ransposable elemenis and in sequence-specific chromatin
modifications.  There were preliminary dara  published
indicaring thar piR-823 expression is deregulated in circularing
mimor cells and tumor fissue in gaswric and Kidney cancer,
respectively. Parients and Methods: In owr sudy, we analyzed
PiR-823 levels in 588 biological specimens: mimor rissue
(N=153), adjacent renal parenchyma (N=121), blood serum
(N=178) and wrine (N=20) of patients undergoing
nephreciomy for RCC: and in blood serum (N=101) and urine
(N=15) of matched healthy conirols. Expression levels of piR-
823 were determined in all biological specimens by
gquaniitaiive real-time polyvmerase chain reaction, compared in
patients and conirols, and correlated with clinicopathological
Jeatures of RCC. Resulis: We ideniified a significant down-
regulation of piR-823 in tumor tissue [p<0.0001, area under
the curve (AUC)=0.7945]. On the contrary in blood serum and
wrine, the expression of piR-823 was significantly higher in
patients with RCC compared to healthy individuals (p=0.0005,
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AUC=0.6264 and p=0.0157, AUC=0.7433, respectively). We
Sfurther observed higher levels of piR-823 in tumor tissue to be
associared with shorter disease-free survival of parients
(p=0.0186) and a wend for higher piR-823 levels in serum to
be associated with advanced clinical stages of RCC
{(p=00691). There were no other significant associations of
PiR-823 levels in any npe of biological specimen with
clinicopathological fearures of RCC. Conclusion: piR-823 is
down-regulated in numor tissue, bur positively correlated with
worse outcome, indicating its complex role in RCC
pathogenesis. In blood serum, piR-823 is up-regulated, but
with unsarisfactory analytical performance. Preliminary data
indicate the promising diagnostic wiility of wrinary piR-823 in
patients with RCC.

Renal cell carcinoma (RCC) is the most common neoplasm
of the kidney in adults, accounting for 3% of adult
malignancies and having the highest mortality rate at over
40% (1). P-Element induced wimpy testis (PFIWT)-interacting
RMNAs (piIRNAs) are a newly discovered class of shart non-
coding RNAs. They are 26-31 nucleotides long, which
clearly differentiate them from other short non-coding RNAs
such as microRNAs and siRNAs with 20-23 nucleotides in
length (2). Initially, they were reported in mice testes, where
they have a major role in the germ cell in maintaining
genomic stability through binding to PIWT proteins and then
silencing ransposable elements (3). piRNA-based silencing
is mediated by CpG methylation, chromatin remodeling and
degradation of complementary transcripts (4). Recent studies
suggest that the deregulated expression of PIWI proteins is
common in tumor tissue, and PIWI expression levels are
correlated to clinicopathological featres and survival in
patients with cancer [reviewed in (5)]. Therefore, they
present promising cancer biomarkers. Recently, it was
repeatedly reported that not only PIWI proteins, but also
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Table I. Pafient characteristics and piR-823 expression levels.
Tissue Serum Urine
N piR-423 copics® N PiR-823 copics® N PpiR-423 copics®

Parenchyma, HC 121 FA552 8391450 101 24274230 15 GIND=R0495
Tumor, RCC patients 153 161E41=191214 178 JEIE=6433 20 5522642773929
Fold-change in patients 03477 1.5772 4.663

ALC 0795 06264 07433

p-Value v 1 [T (1)
TNM stage

I-11 B2 201075314067 117 24222823 NA

-1V 48 151862120437 it} 3634263TH MNA

p-Value 07852 00691 MNA
Fuhrman grade

Gl-2 81 21352316014 106 239122601 NA

G3-4 449 1352911 15428 ah 362146326 NA

p-Value 01416 020496 NA
Asspciation with DFS

Cut-off 223038 2046 MNA

p-Value D186 09180 NA
Asspciation with O35

Cut-off 147727 246 NA

p-Value 0AD42 09035 NA

RCC, Renal cell carcinoma: TU, tumor; RF, renal parenchyma: HC, healthy controls; AUC, area under curve; DFS. discase-free survival; 05, overall

survival: NA: not available. *Data are the means5 0.

piRNAs can play an important role in carcinogenesis. Over-
or underexpression of piRNAs that target mRNA transcripts
(e.g. those containing transposon-derived sequences in their
3" untranslated regions) could also play a driver role through
degradation or inhibition of tumor-suppressor genes or
oncogenes, respectively. Deregulated levels of many piRNAs
were described in RCC (6, 7)., gastric cancer (8, 9),
hepatocellular carcinoma (10), mukiple myeloma (11}, hng
cancer (12), bladder cancer (13), breast cancer (14) and
pancreatic ductal adenocarcinoma (15). One of the first
piRNAs identified as being linked to cancer is piR-823 (8).
piR-823 was detected in cancer cell lines, white blood cells
(16) and blood plasma (17, 18). This piRNA was described
to be deregulated in gastric tumor tissue and myeloma cells
and to be involved in regulation of tumor cell growth (8, 11).
We published preliminary reports indicating its down-
regulation in RCC tissue (19). Here, we decided to perform
large-scale evaluation of piR-823 deregulation in tumor
tissue, blood serum and urine of patients with RCC.

Patients and Methods

Samples of tumor tissue (N=153), renal parenchyma (N=121), blood
serum (N=178) and urine (only for the last 20 patients included)
used in this study were obtained from patients diagnosed with RCC
who underwent radical nephrectomy at Masarvk Memorial Cancer
Institute (MMCT) in Brono or The University Hospital Broo (UHB)
between 2012 and 2015, The median age of the patients at the time

of diagnosis was 64 years (range=21-84 years). Blood serum
(N=101) and urine samples (N=15) were also obtained from healthy
individuals who underwent preventative medical examination in
MMCIL. Patient’s biological samples were frozen and stored at
=B80°C until processing Written informed consent was obtaned
from all participants (patients, healthy individuals), and the stdy
was approved by the local Ethics Boards at MMCI and UHB.
Clinical and pathological characteristics are summarized in Table 1.

Total RNA from tissue samples was isolated by use of mirVana
miRNA ITsolation Kit (Life Technologies, Cadsbad, CaA, USA)
according to the manufacturer’s instructions. For RNA isolation from
serum, miRNeasy Serum/Plasma Kit (Qiagen, Valencia, CA, USA)
was used, and for solation from urine Unne microRNA Punfication
Kit (Norgen, Thorold, ON, Canada) was used. RNA concentration
and purity were measured using a NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). Using 10 ng of twoial
RMNA, cDNA was synthesized with T.'J.qh{un"’ MicroRN A Reverse
Transcription  Kit (Thermo Fisher Scientific) according 1o the
manufacturer’s recommendations. Quantitative polymerase chain
reaction was performed in a total volume of 15 pl using specific
probe for piR-823. The primers and probe were designed and
synthesized (Thermo Fisher Scientific) to be used for determination
of piR-823 sequence 5" AGOCGUUGGUGGUAUAGUGGUGAGC
AUAGCUGC-3". The expression levels were quantified absolutely
by use of a calibration curve using piR-823 plasmids synthesized by
Genen Biotech (Hradec Kmlove, Czech Republic).

Differsnces in expression levels of piR-823 between lumor tissue
and renal parenchyma wen: evaluated by use of Wilcoxon test, and
differences in serum and urine samples of patients and healthy controls
were evaluated by use of Mann-Whitney test. For determining the
differences according to clinical stage and grade, we used non-
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Figure 1. Srarisrical significant difference in piR-821 expression
(<) 00N ) between 121 paired samples of renal cell carcinoma inmor
tissie {TU) and paired healthy renal parenchyma (RF).

pammetric Kruskal-Wallis test. Receiver operating curve (ROC)
anmalysis was performed to identify cut-offs o distimguish patients with
different prognoses. Kaplan-Meier survival curves and log-rank test
were used for survival analvsis. Caleculations were performed m
GraphPad Prism 6 (GraphPad Softwane, Inc., La Jolla, CA, USA).

Resulis

In our study, we successfully determined piR-823 expression
levels in 588 hiological specimens obtained from patients
with RCC and healthy controls. We observed significant
differences in piR-823 expression levels between tumor and
non-tumor  tissue samples. piR-823 expression
significantly decreased in tumor tissue compared to paired
non-tumaorous renal parenchyma (Figure 1, p<0.0001). ROC
analysis showed that tissue levels of piR-823 can
differentiate tuomor tissue from renal parenchyma with an
area under the curve ( AUC) of 0.795. However, we observed
no association of piR-823 levels in tumor with clinical stage
or Fuhrmann grade. Interestingly, although the piR823 levels
in tumaor tissue were decreased, a low level was associated
with a longer disease-free survival (DFS) (p=00186; Figure
2). The median DFS in patients with RCC with high
expression of piR-823 was 56 months, whereas in the low-
expression group median was not reached. Although we
observed the same trend in OS, the association of piR-823
level and OS did not reach statistical significance (p=0.05).

Furthermore, we recorded significantly higher levels of
piRt-823 in serum of patients with RCC when compared to
healthy controls (p=0.0005; Figure 3A), but ROC analysis
showed this to have unsatisfactory analytical performance in
distinguishing  patients with RCC from controls
(AUC=0.626). There was no correlation of piR-823 in serum
with Furhmann grade, DFS or OS. We did observe a trend

Was

-+- Low expression

1004 ul"_m\ —— High expression
E su- "“'h-l-ll--lll-l—l
E 80 o i
I
‘u-
2
@
o 2p p=0.01886
u L] LI 1
0 50 100 150

Time (months)

Figure 2. piR-823 levels and diseasesfree survival of patients with renal
cell carcinoma. There was a proven statistically signrificans (p=0.015%4)
aszociation of longer disease-free swrvival in patients with low expression
of piR-823 in tumor tissue compared to those with high expression.

for higher piR-823 levels in serum to be associated with
advanced clinical stages of RCC (p=0.0691). There was also
no correlation between the piR-823 level in serum and that
in paired mmor tissues samples (p=0.05).

Finally, we determined level of piR-823 in urinary samples
of small groups of patients with RCC and healthy controls.
Preliminary results showed piR-823 levels were significanty
higher in urinary samples from patients with RCC in
comparison to healthy controls (p=0.0157, Figure 3B).

Discussion

As the first aim, we determined expression of piR-823 in
paired samples of tumor tissue and adjacent renal
parenchyma. In agreement with our previous pilot study (19),
we observed significantly reduced expression of piR-823 in
tumor tissue compared to adjacent non-tumorous renal
parenchyma. Martinez er al.’s observed RCC tumors to be
characterized by general down-regulation of piRNA (9). We
did not find any significant association of umor piR-823
level with clinical stage, Fuhrmann grade or 5. However,
we observed significant association of tumor piR-823 and
DFS. with the median DFS in patients with low expression
being significantly longer.

Since piENAs predominantly control the expression of
transposable elements (20), piR-823 could be involved in
maintenance of genomic stability and its frequently observed
loss in RCC tumor tissues may be linked to genomic
instability, which is a general hallmark of all malignant
tumors. However, the link we found here to survival, where
a higher levels of piR-823 is associated with worse DFS,
indicates a more oncogenic than tumor-suppressive role for
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Figure 3. piR-823 levels measwred in blood serum (A} and urine (B} In patients with renal cell carcinoma {RCC), the piR-823 levels were increased
compared to those in healthy individuals. Levels of piR-823 in urine of patients with RCC were higher in comparizon with those in urine af healthy
individuals. Lines represent medians, and bars are 25th and 75th percentiles.

piR-823 m RCC. It seems that piR823 might play a complex
role in RCC pathogenesis characterized by different
phenotypic effects in different stages of the disease.

In addition to transposable elements, piR-823 can potentially
also target protein-coding genes. On the basis of base pair
complementarity, cell-division cycle 5-like protein (CDCSL)
represents a potential target of piR-823, since CDC5L contains
aregion which is fully complementary to piR-823. CDCSL is
a cell-cycle regulator (21) whose its up-regulation in tumor
tissue of osteosarcoma and cervical tumors led to aberrant cell-
cycle control and contributed to the malignant phenotype (22).
CDC5L is a part of the E3 ubiquitin ligase complex and is
required for the correct functioning of the S-phase cell-cycle
checkpoint (23). It is also involved in RNA processing, where
it plays an important role as a pre-mRNA splicing factor and
its down-regulation reduces cell viability (22). Unfortunately,
the role of CDCSL in RCC is not known.

We also analyzed piR-823 levels in blood serum and
urine. We determined piR-823 expression levels in a large
group of patients with RCC and gender- and age-matched
healthy controls. We observed significantly higher serum
levels of piR-823 in the group of patients compared to
healthy individuals (p=0.0005), which is in contrast to
differences we found in tissue samples. This phenomenon
might be explained by active release of piR-823 by tumor
cells leading to its decreased levels in tumors and increased
levels in the circulation. The AUC for the ability of serum
PIR823 to distinguish patients with RCC from healthy
controls was 0626, which is not high enough to enable
diagnostic utility. Although differences in expression does
not allow usage of piR-823 as a new independent biomarker

of RCC, it could potentially be useful in combination with
other available biomarkers, ¢.g. newly described microRNA
biomarkers. We did not observe any significant association
of piR-823 with any clinical stage, Furhmann grade or
survival. Therefore, we suggest that piR-823 is more likely
linked to some of the general hallmarks of RCC
pathogenesis than to the tumor features behind tumor
invasion and progression of the disease.

Finally, we evaluated piR-823 levels in urine samples of
pilot cohort of 20 RCC patients and 15 healthy controls. By
this analysis, we identified significantly higher levels of piR-
823 in urine from patients and significantly higher levels of
piR-823 in urine in comparison to serum, indicating urine to
be more suitable for piR-823 analysis than serum. In order
to evaluate potential associations of urinary piR-823 and
clinicopathological data, study on the larger cohort of
patients with RCC is needed.

There are certain limitations to our study. We performed
absolute guantification of piR-823 as we were not able to
identify an appropriate endogenous control to be used for
relative quantification. Therefore, our data might be biased
due to the presence of inhibitors in the complex biological
specimens. Moreover, in virre experiments are needed to
demonstrate the ability of RCC cells to release piR-823 and
to evaluate whether piR-823 is exosomal, protein-bound or
free. We have not performed an in vitro and in vive study to
describe functioning of piR-823 in RCC pathogenesis.

In conclusion, piR-823 is down-regulated in tumor tissue,
but in tumor positively correlated with worse outcome,
indicating its complex role in RCC pathogenesis. In blood
serum, piRt-823 is up-regulated, but with unsatisfactory
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analytical performance. Preliminary data indicate the promising
diagnostic utility of urinary piR-823 in patients with RCC
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PIWI proteins as tumour biomarkers

Four PIWI proteins are currently known - PIWI 1 to PIWI 4 (also referred to as PIWIL1 - 4).

Their aberrant expression is described in various types of cancer (Tab. 2).

PIWI Tumour Expression
PIWIL1 Lung cancer 1

Gastric cancer

Colorectal cancer

Renal cancer

Endometrial cancer

Invasive ductal carcinoma

PIWIL2 Glioma

Cervical cancer

Non-small cell lung cancer

Renal cancer

PIWIL3 Glioma

Gastric cancer

Multiple myeloma

—| = o] | —| =] = | =] 2| «—| —

PIWIL4 Breast cancer

Tab. 2. Deregulated PIWI1 proteins in tumour tissue. Adapted from Liu et al. (46).
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Abstract: Piwi-interacting RNAs (piRN As) are a newly discovered class of small non-coding
RNAs involved in silencing of transposable elements and in sequence-specific chromatin modifi-
cations. PIWI proteins (PIWIL), which belong to the family of Argonaute genes/proteins, bind to
piRNAs and function mainly in germ line cells, but more recently were described to be functional
also in stem cells and cancer cells. To date, there have been four PIWT proteins discovered in
humans: PIWIL1, PIWIL2, PIWIL3, and PIWIL4. Recent studies suggested that deregulated
expression of PIW] proteins and selected piRNAs is common to many types of cancers. We
found significantly lower expression of PIWIL] (P<0.0001) and piR-823 {P=0.0001) in tumor
tissue in comparison to paired renal parenchyma. Further, we observed a progressive decrease in
PIWILI (P=0.0228), PIWIL2 (P=0.0015), and PIWIL4 (P=0.0028) expression levels together
with increasing clinical stage. PIWIL2 (P=0.0073) and PIWIL4 (P=0.0001) expression also
progressively decreased with increasing Fuhrman prade. Most importantly, low-expression
levels of PIWIL1 { P=0.009), PIWIL2 {P=20.0001), and PIWIL4 (P=0.0063) were significantly
associated with worse overall survival in renal cell carcinoma (RCC) patients. Our results sug-
gest the involvement of PIWIL genes and piR-823 in RCC pathogenesis, and indicate PIWIL1,
PIWIL2, and PIWIL4 as potential prognostic biomarkers in patients with RCC.

Keywords: kidney cancer, PIWIL, piRNA

Introduction

Renal cell carcinoma (RCC) represents approximately 75% of all kidney tumors and
3% of all cancers in the adult population.! Piwi-interacting RNAs (piRNAs) are a
newly discovered class of small non-coding RN As with a length of 26-31 nucleotides.
piRNAs were first identified in the germ cells of various animal species.™ In the
human genome, there were more than 24,000 distinct piRNA sequences identified till
now.” and their deregulated expression was observed in breast.® bladder” and pastric
cancer,® and multiple myeloma.? piRNAs bind to a specific subfamily of Argonaute
proteins called PIWI proteins. Argonaute proteins are a highly conserved group of
proteins divided into two main classes: AGO and PIWL. In humans, four PIW1 genes
were identified. PIWI proteins in humans include PIWIL1/HIWI, PIWIL2/HILI,
PIWIL3, and PIWIL4/HIWI2." They bind piRNAs and amplify them in the so-called
ping-pong cycle, which is endoribonuclease Dicer independent. Their physiological
role is transposon repression through base-pairing and direct degradation.” They
are also involved in DNA methylation but the exact mechanism of action remains
unknown.”? These days, there is increasing evidence to show that PIWIL proteins
are linked to the hallmarks of cancer defined by Weinberg and Hanahan, such as
deregulated cell proliferation, altered apoptosis, genomic instability, invasion,
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and metastasis."” Recent studies also suggested that the
derepulated expression of PIWIL proteins is common in
tumor tissue, and PIWIL expression levels are correlated
to clinicopathological features and survival in patients with
cancer and PIWIL proteins. Therefore, they present promis-
ing cancer biomarkers.” In our study, we determined the
expression levels of PIWIL genes in clear cell RCC tumors
and paired renal parenchyma, and evaluated their associa-
tion with clinicopathological features in patients with RCC.
Further, we investigated whether the piR-823 expression,
observed to be downrepulated in gastric cancer,® is similarly
deregulated in RCC tumors, and if there is a correlation
between piR-823 and PIWIL gene expression due to their
involvement in piRNA biogenesis.

Materials and methods

Subjects

The patients with RCC who underwent radical nephrectomy at
the Masaryk Memorial Cancer Institute (Bmo, Czech Repub-
lic) and University Hospital Bmo (Bmo, Czech Republic)
were included. Tissue samples were collected after signing
an informed consent and stored at the Bank of Biological
Material (Masaryk Memorial Cancer Institute). The samples
were obtained from 57 patients (36 men and 21 women) with
clear cell RCC with median age 64 (range 35-80) vears at
the time of diagnosis. In 38 cases, tissue samples of adjacent
non-tumor renal parenchyma was available for the expression
analysis. Clinical and pathological characteristics including

clinical stage and Fuhrman grade are summarized in Table 1.
The study has been approved by the local Ethical Committee
of Masaryk Memorial Cancer Institute.

RNA extraction and qPCR

RNA isclation was performed using mirvana miRNA
Isolation Kit (Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instructions. RNA yield
and purity were measured using a spectrophotometer Nano-
Drop 1000 (Thermo Fisher Scientific, Waltham, MA, USA).
cDNA was synthesized using the High-Capacity cDNA
Reverse Transcription Kit (Life Technologies) accord-
ing to the manufacturer’s recommendations. Quantitative
polymerase chain reaction (qQPCR) was performed in a
total volume of 20 pL using specific probes for PIWILI
(Hs01041737_ml), PIWIL2 (Hs00216263_ml), PIWIL3
(HsD0908825_ml), PIWIL4 (HsD0381509_ml; Life
Technologies), and peptidylprolyl isomerase A (PPIA,
99999904_m1 Hs) as an endogenous control. cDNA syn-
thesis of piR-823 was carried out using TagMan MicroRNA
Reverse Transcription Kit (Life Technologies). The
primers and probe were designed and synthesized (Life
Technologies) accordingly to the piR-823 sequence 5-A
GCGUUGGUGGUAUAGUGGUGAGCAUAGCUGC-3".
The expression level of piR-823 was computed relatively
to endogenous control RNU44. gPCR was performed on
an ABI 7500 (Life Technologies). Relative expression was
calculated using a ACt method.

Table | Summary of PIVVIL genes and piR-823 expression levels detected in tissue of RCC patients presented as median of normalized

Expression
N=57 PIWILI PIWIL2 PIWIL3 PIWIL4 piR-823
Expression levels in tumor tizsue and renal parenchyma (RF)
RP 0.000131 0.000791 0.000004 0.001244 B.IT4421
Tumor 0.000016 0.000472 0.000003 0.001273 0980179
Fold-change (tumor/RP) 012 0.60 059 1.02 012
P-value <0.0001 0.3268 0.1325 0.4022 0.0001
Clinical stage
I I 0.0001023 0.001225 0.000003 0.001734 1.303027
[ 4 0.000110 0.001636 0.000003 0.001745 1.080401
I 13 0.000028 0.001057 0.000002 0.001801 0496938
v 2 0.000013 0.000317 0.000003 0.0006804 0980179
P-value 0.0228 0.0015 0.3830 o028 0.4033
Fuhrman grade
Gl 6 0.000102 0.001356 0.000003 0.002421 0462293
Gl 24 0.000042 0.000711 0.000002 0.001597 1.388136
G3 17 0.000013 0.000459 0.000003 0.000760 0980178
G4 10 0.000015 0.000253 0.000003 0.000804 0671232
P-value 0.1099 0.0073 0.4665 X 0.2898
Association with overall survival
Povalue 0.00% <0.0001 0.8548 0.0065 0.1418

Motes: Bold values indicace P-values lower than 0.05.
Abbreviation: RCC, renal cell carcinoma.
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Statistic analysis

To calculate the significance of differences in PIWIL and
PiR-823 expression levels in cases of different clinical stages
or Fuhrman grades, we used non-parametric Kruskal-Wallis
test. To calculate the differences in expression between
paired tumor tissues and adjacent non-tumer renal paren-
chyma, a nonparametric Wilcoxon matched pair test was
used. For the sensitive discrimination of RCC patients with
short and long overall survival cut-off values were identified
for PIWIL genes and piR-823 by receiver operating curve
analysis. Kaplan—Meier survival curves and long-rank test
were used for survival analysis. Calculations were performed

in GraphPad Prism & (GraphPad Software, Inc., La Jolla,
CA, USA).

Results

We determined the expression levels of PIWIL genes
and piR-823 in tumor tissue of 57 patients with RCC and
38 samples of matched non-tumor renal parenchyma. First,
we compared the expression levels of PIWIL genes and piR-
823 in paired samples of RCC tumor tissue and non-tumor
renal parenchyma. We found significant downregulation in
the expression levels of PIWILI (P<20.0001) and piR-823
(P=0.0001; Figure 1A and B). Receiver operating curve
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Figure | PIWILI| and piR-823 are significandy downrepulated in RCC tumors when compared to paired non-tumer renal parenchyma (A and B) and reached pood ability to
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Abbreviations: AUC, area under curve; RCC, renal cell carcinoma; RF, renal parenchyma.
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analysis revealed that the tissue levels of both PIWIL1 and
piR-823 could serve as appropriate biomarkers for differen-
tiating tumor tissue from non-tumor renal parenchyma with
the area under the curve of 0.8620 (95% confidence interval:
0.7690-0.9543, P=20.0001) reaching the 86%, sensitivity and
75% specificity for PIWIL1, and 0.9975 (95% confidence
interval: 0.7908—0.9842, P=20.0001) reaching the 89%
sensitivity and 78% specificity for piR-823, respectively
(Figure 1C and D). Expression levels of piR-823 were signifi-
cantly correlated with PIWIL1 expression levels (r=0.4242,
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P=0.0065; Figure 1E) supporting its involvement in piR-823
biogenesis. We have observed no significant differences
in the expression levels of PIWIL2, PIWIL3, and PIWIL4
between tumors and paired renal parenchyma (Table 1).
Further, we evaluated correlations of PIWIL genes and
piR-823 with clinicopathological features and survival in
patients with RCC (summarized in Table 1). We observed
progressive decrease in PIWILI {P=0.0007, Figure 2A),
PIWIL2 (P=0.0174, Figure 2B) and PIWIL4 (P=0.00403,
Figure 2C) expression levels together with increasing clinical
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Figure 2 Associatons of PIWIL genes expression and dinicopathelogical features of renal cell carcinoma.
Maote: PIWILI, PIWILL, and FIVWIL4 are signficandy associated with clinical stage (A—C) and Fuhrman grade (D-F) in renal czll carcinoma patients.
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Figure 3 Expression of PIVWILI, FIVWILZ, and PIVWIL4 gene is associated with overall survival of renal cell carcinoma patients (A-C).

stage. PIWILI (P=0.0213, Figure 2D), PIWIL2 (P=0.0033,
Figure 2E) and PIWIL4 (P<20.0001, Figure 2F) expres-
sion progressively decreased also with increasing Fuhrman
erade. Most importantly, low-expression levels of PIWIL1
(P=0.009, Figure 3A), PIWIL2 (P<20.0001, Figure 3B) and
PIWIL4 (P=0.0065, Figure 3C) were significantly associated
with worse overall survival in patients with RCC. PIWIL3
and piR-823 were not correlated with any evaluated clinico-
pathological feature of RCC.

Discussion

In our study, we quantified the expression levels of PIWIL1,
PIWIL2, PIWIL3, and PIWILA genes and piR-823 in paired
samples of RCC tumor tissue and non-tumor renal paren-
chyma. Significant differences were observed only in the
case of PIWILI and piR-823, whose levels were significantly
decreased in tumor tissue. Accordingly, decreased levels of
piR-823 were also observed in gastric cancer.® The strong
correlation between PIWILI and piR-823 expression levels
observed in our study suggest involvement of PIWILI
in piR-823 biogenesis. In agreement with our results,
Al-Janabi et al described the trend of PIWIL1 expression to
be decreased in RCC tumors (P=0.089)."* In addition, they
observed a significantly higher level of PIWIL4 in tumors

{(P=0.001), which was not shown in tumor tissues in our
cohort of patients with RCC. Analogically, the expression
of PIWIL genes is downregulated in seminoma and non-
seminoma testicular tumors, probably due to the existence
of promoter CpG island hypermethylation-associated
silencing.'” Contrary to this observation and our results,
upregulation of FIWIL1 (HIWI) in tumor tissue was shown
in glioma," cervical cancer,'” breast cancer," and non-small
cell lung cancer, while PIWIL2 and PIWIL4 genes were
downregulated.”™

Further, we observed expression levels of PIWILI,
PIWILZ, and PIWIL4 to be progressively decreased with
increasing clinical stage, and Fuhrman grade and lower levels
of those genes to be significantly associated with the worse
overall survival in patients with RCC. In agreement with
our observations, Taubert et al described decreased levels of
PIWIL?2 protein to be significantly associated with poor prog-
nosis in cohort of 202 bladder cancer patients ( P=0.005).2 A
higher level of PIWIL4 mRNA was found to be associated
with longer overall survival also in non-small cell lung cancer
patients.' In patients with soft tissue sarcoma, Greither et al
identified significant association between the low-expression
levels of PIWIL2, PIWIL3, and PIWIL4 mRN As and shorter
tumor-specific survival. > Contrary to these observations and
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also our results, the increased expression levels of PIWILI
were correlated with tumor grade in gliomas™ and associated
with worse survival in colorectal cancer,” hepatocellular
carcinoma,™ and gastric cancer patients.” In gastric cancer it
was also reported that PIWIL2 expression levels are associ-
ated with worse overall survival. =

To conclude, we observed deregulation of PIWIL1 and
PpiR-823 in tumor tissue of patients with RCC and significant
association of PIWIL1, PIWIL2, and PIWIL4 expression
with the survival of patients with RCC. It seems that PIWIL
mRNA levels are commonly deregulated in tumor tissue and
correlated with clincopathological features of tumors, how-
ever, the tendency of changes varies according to the tissue
of origin. In urological tumors (RCC and bladder cancer), the
expression of PIWIL genes is more likely to be downregu-
lated and the loss of their expression is associated with a more
agpressive phenotype of tumors and worse survival.
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6.2. Long non-coding RNAs

Long non-coding RNAs (IncRNAs) are a group of non-coding RNAs longer than 200
nucleotides in length. They are actively involved in various cellular processes, such as
differentiation, proliferation, response to DNA damage or chromosomal imprinting (47). With
increasing knowledge of their biological functions, several of their basic properties crucial for
the pathogenesis of cancer can be characterized: maintenance of proliferation signals,
circumvention of growth suppressors, stimulation of cell replication, activation of invasion and
metastasis, induction of angiogenesis and resistance to cell death (48). Unlike miRNAs,
InNcRNASs regulate gene expression at all levels. Nuclear IncRNAs are involved in epigenetic
regulation, such as various chromatin modifications (association with histone modifying
complexes, DNA methylation or chromatin remodeling), transcriptional regulation (in terms of
activation or repression) and at further level of gene expression in post-transcriptional splicing
of pre-mRNA (49-51). Cytoplasmic IncRNAs act at post-transcriptional (MRNA stability,
miRNA binding - "sponging"), translational (translation activation or suppression) and post-

translational (e.g. influencing protein stability) level of gene expression (52).

Differential expression of INCRNA in the tissue (or serum) of RCC compared to non-tumour
samples and the relationship to the clinicopathological characteristics of the tumour suggest the
potential use of INCRNA as diagnostic and prognostic biomarkers of RCC, or as therapeutic
targets (53, 54). In addition to renal cell carcinoma, their use as biomarkers of other urological

malignancies, such as prostate or bladder cancer, can be expected (55).
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Dlouhé nekoddujici RNA a karcinom

z renalnich bunék

Long non-coding RNAs and renal cell carcinoma

Fedorko M.'?, Bohosova J.2, Poprach A%, Pacik D.'?
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Souhm
Vychodiska: Poskytnout piehlednou informaci o vyznamu diouhych nekddujicich RNA (IncRNA)
v patogenezi karcinomu 2 rendlnich bunék (renal cell carci - RCC) a modn ch jejich
vyuliti v diagnostice, stai néni a predikei idebné odpovidi. Materid!
ametody: Vyhledavani v dalabtzr.h ‘PubMed a Web of Science s vyuditim variant klicovych slov
Jdlouhé nekddujici RNA® LIncRNAY Jong noncoding RNAY, long non-coding RNA®) a karcinom
zrendlnich bunék” {renal cancer’, renal cell carcinoma’, Xidney cancer”). Separace vysledk( ty-
kajicich se patogeneze, diagndzy, prognézy a vyuliti jako terapeutickych cill. Vysledky: Diouhé
nekddujici RNA reguluji genovou expresi na viech drovnich. Uplathuji se jako onkogeny i jako
nadorové supresory. Mechanizmus jejich pdsobeni je objasnén pouze ¢astelng, v patogenezi
rendiniho karcinomu viak aktivné requluji kaskadu faktord indukovanych hyposii, epitelising-
-mezenchymalni tranzici, bunéenou peoliferaci, bunédny cykdus, apoptdzu, lokalni invazi a vanik
metastaz. Ab i ve tkani nddoru ve srovnént se zdravym rendlnim parenchymem
a korelace expresnich hladin s klinicko-patologickymi charakteristikami 2huji po-
tencidini vyu2iti mnoha IncRNA jako biomarkerd pro casnou detekdi a stanoveni prognazy one-
maocnéni ve. odpovidi na cilenou &by, Testy in vitro naznaduji potencidini vyuZiti IncRNA jako
terapeutickych cil. Zdvér: Pomatki o dioutych nekddujicich RNA ve vztahu ke karcinormu 2 re-
nélnich bunék rychlym tempem piibyva. V soucasné dobé lze ndkteré 2 nich povalovat 2a slibné
biomarkery. Pied uvedenim do rutinni klinické praxe je potfeba daliiho vyzkumu.

Klicova slova
biomarker - diagnostika - dlouhé nekddujici RNA - karcinom 2

sinich bunétk - prognéza

Summary

Background: To provide an overview of the importance of long non-coding RNAs (IncRNAs)
in the pathogenesis of renal cell carcinoma and their utility as biomarkers for diagnosis, pro-
gnosis and prediction of treatment response. Materials and methods: A literature search in
the Pubmed and Web of Science databases using the keywords variations of “long non-co-
ding RNA" {"IncRNA’, “long noncoding RNA, “long non-coding RNAT) and “renal cell carcinoma”
(“renal cancer”, “renal cell carcinoma’, “kidney cancer”) was performed. The results related to
the pathogenesis, diagnosis, prognosis and use as therapeutic targets were separated. Results:
Long non-coding RNAs regulate gene expression at different levels. They act both as oncoge-
nes and tumor suppressors. The mechanism of their action has not been fully elucidated, but
they are actively involved in the regulation of hypoxia inducible factors pathway, epithelial-me-
senchymal transition, cell proliferation, cell cycle regulation, apoptosis, local invasion and deve-
lopment of metastases. Aberrant expression in tumor tissue compared to healthy parenchyma
and the correlation of expression levels with dinical-pathological features allow the potential
use of many IncRNAS as biomarkers for early detection and prognosis of the disease, including
the response to targeted therapy. in vitro assays indicate the potential use of IncRNAs as the-
rapeutic targets. Conclusion: Our knowledge of long non-coding RNAS in relation to renal cell
carcinoma is increasing rapidly. At present, some of them can be considered as promising bio-
markers. Further research is needed before they can be introduced into routine clinical practice.

Key words
biomarker - diagnosis - long non-coding RNA - renal cell carcinoma - prognosis
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Uvod

Karcinom z renalnich bunék (renal cell car-
cinoma - RCC) twofi 4,2 % ze viech zhoub-
nych nadond u muid a 2,6 % u em [1].
Jeho incidemce md stoupajici temdenci.
Mejvyiiich hodnot dosahuje celosvé-
towé v CR, kde byla v roce 2016 standar-
dizovand incidemce 1517 pfipadd na
100 000 obywvatel [2]. Pétiletym relativ-
nim pfezitim na drovni pliblizné 75 % se
fadi mezi nejletdlnéjsi urologickeé malig-
nity [3]. Pomérné vyznamna East pacientd
je stale diagnostikovina v pokrodilém sta-
diu onemocnéni, v CR je af 20 % piipadi
diagnostikovano v kinickém stadiu IV [2].
Kromé zobrazovacich vySetfeni neni k dis-
pazici spolehlivy biomarker, ktery by byl
pouZitelny v rutinni pra pro éasmou de-
tekci £i stanoveni progndzy RCC.

Dlouhé nekddujici RMA (long non-co-
ding RMAs - IncRMA) patfi do skupiny tzv.
nekodujicich RMA, coZ jsou transkripty
genomu, které nejsou prekladany, tedy
nekdduji funkéni proteimy. Hranice mezi
kratkymi a dlouhymi nekddujicimi RMA
je pfiblizné 200 nukleotidd. LncRMA re-
guluji genovou expresi na vice drovnich
- v jadie bunky se uplatfuji pfi modifi-
kacich chromatinu, transkripEni regu-
laci (aktivace i represe) | posttranskripg-
nich dpravach mRMA (sestfikh, transport,
translace), v cytoplasmé reguluji geno-

vou expresi na posttranskripéni (stabilita
mRMA, vazba s miRMA], translacni | post-
translaéni Growni [4]. Uplatfiuji se v pato-
genezi riznych onemocnéni wE. zhoub-
mych nadord [5]. Reguluji totiz zasadni
projevy malignity, jako jsou buméény
rlst, proliferace, invaze, angiogenaze &
metastazovani [6]. Cilem pfedkléddané
prace je pfehled deregulovanych IncRMA
u rendlniho karcinomu, popis jejich role
v patogenezi RCC a moZnosti vyuZiti
v diagnostice, stanoveni prognozy, phip.
jako potencidlnich terapeutickych cild.

Materidl a metody

Bylo provedeno systematické vyhleda-
vani v databazich Web of Science a Pu-
brmed k datu 3. 10. 2019, zahrnujici 2a-
sové obdobi 20010-2019 a klicowad slova
ncRMAY _long nomcoding RNAS Llong
non-ceding RMAS, Jrenal cancer®, Jrenal
cell carcinoma® a . kidney cancer”. Za-
danim (.IncRMA®™ OR long noncoding
RNA®*" OR .long non-coding RMA®") AND
{renal cancer” OR .remal cell carcinoma®
OR kidney cancer”) v pfedmétu vyhle-
davdni bylo nalezeno 230 praci, pfi€emnz
prvmi relevantni vysledek byl z roku 2011.
V' prvni selekci bylo na zakladé abstrakt
wyfazeno 95 praci odpovidajicich pfedem
stanovenym vyludovacim kritériim: dupli-
kdty, nedostupny abstrakt, konferencni

s 3
PubMed Web of Sclence
(IncAMA® Of “long noncoding RNA* OR “long non-coding ANA®)
AND
(“renal cancer” OR “renal cell carcinoma®™ OR “kidney cancer®)
230 vysledha
karnentdf 1
prefledod price e
Frelaanmlyra 5
nddary obacne 12
1. selekce primdrnd jiny typnddorr 46
abutraks 4
netykajici se nddand [
avifeci model 1
135 wyshedha
2. selekce
123 vyshedkil
A S

Obe. 1. Diagram vyhledavani.

abstrakta, editorialy, komentife, pfehle-
dové prace, metaanalyzy, zvifeci modely
a prace tykajici se primarné jinych ma-
lignit, zhoubnych nidord obecné nebo
nenadorovych onemocnéni. Nasledné
byla prvnim autorem revidovana abs-
trakta zbylych vysledkid a ve druhé se-
lekci bylo wyfazeno 12 vysledkd, které
nepfindiely novou informaci nebo by
michly byt pro ctendfe matouci. Prehled
sumarizuje 123 wysledkid, u kterych byly
revidovany plné texty (schéma 1). Adkoli
s& v mnoha pracich piekrjwa popis bio-
logickyrch funkci konkrétmich IncRMA, je-
jich progmosticky wyznam i testy in witro,
jsou kvili piehlednosti uvedeny samo-
statné. Mejvice studovaryim IncRMA je wé-
novan samaostatry prostor.

LncRMNA v patogenezi karcinomu
z rendlnich bunék

Tumor supresorove IncRNA

Prehled tumor supresorowvych IncRNA
uvadi tab. 1. lejich funkce spoéiva ze-
jména ve sniZeni exprese onkogend
nebo atlumu patogenetickych drah a re-
gulatord epitelidlné mezenchymalni
tranzice (EMT), dale mohou vazat mik-
roRMA (miRMA, tzv. miRMA .sponging ),
pfip. destabilizuji androgenni recep-
tor (AR). Hladiny téchto IncRNA jsou ve
tkanich RCC snizené, coZ se ve vysledku
projevuje stimulaci bunééného cyklu,
EMT, nadprodukci onkogennich pro-
teind, a tim padem zvyienou proliferaci
nadorovych bunék, jejich migracd a othu-
mem apoptdzy [7-28].

MEG3

Exprese .maternally expressed gene 3*
je u RCC signifikantné smizend. Indukuje
apoptdzu bunék RCC aktivaci vnitfni mi-
tochondridlni drahy, coz vede ke sniZeni
hladiny Bcl-2 a prokaspazy 9 a naopak
zvyieni hladin kaspazy 9 a uvolnéni cy-
tochromu ¢ do cytoplasmy [17]. Dile
tlumi bunécny cyklus (LGOAGT arrest”)
prostfednictvim snizeni exprese miR-7,
ktera vede k nadprodukci RASL11B [Ras-
-like protein family member 11B), &éimz
navic inhibuje proliferaci, invazi a mig-
raci bunék ccRCC [16].

SARCC
Tato nadorové supresorovd InCRMA se
vaie na androgenni receptor, éim# do-
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Tab. 1. Pfehled nadorové supresorovych IncRNA v patogenezi karcinomu z rendinich bunék a jejich biologlckych funbeil
ImcRNA Mechanlzmus pdsobeni Porndmka Odkaz
MR_0233E7 + EMT +onkogen MGP [7]
ADAMTS9-A52 mif-27a-3p sponging = FOXO [8]
ENSTOO000434223 = Wit/katenin [%]
SANTY - SLCaTAZ = supresonovy komplex SFROEZF1/HDACT o]
GASLY + proliferace n
LINCO0961 - EMT +Slug, N-kadherin 121
XIST mif-106b-5p sponging - p21 [13]
OTUD&E-AS1 + Wit/katendn, + EMT « E-kadherin, N-kadherin, Snail [14)
KEMQIDN +c-hye T cyklin D1 ns)
MEG3 = miR-7 T zastaveni bundfného cyklu ve fizl GOYGT [18]
+ Bal-2, 4 prokaspdza % na
DHRS4-A51 T zastaveni buné&ného cyklu ve fizi GOYG1 [18]
EGOT s
DANCR [20]
SARCC destabilizace AR + Akt, MMP-13, K-RAS, P-ERK [21, 23}
destabilizace AR + HIF-2a, c-MYiC [23]
BX357664 + TGF-R1/pIs/HSP2T [24]
CASC2 il mdR-21 [25]
TRIM52-A51 [28]
IRAIN T eyklin D1, + Bax 271
GASS 28]
ADAMTS9-AS2 - antisense RNA 2 ADAM metalopeptiddza s trombospondinem typu 1 mothva 9, CASC2 - kandiddt na ndchylnost
k nadorim 2, DANCR - protein nekddulicl RMNA antagonizujici diferenclad, DHRS4-A51 - antisense RMA 4 z rediny SDR dehydroge-
nazy/reduktdzy, EGOT - transkript onkogeneaze eozinofilnich granull, EMT - epiteliding-mezenchymadlni tranzice, FOXO0 - vidlitkowy
protein 01, GASS - transkript 5 specificky pro zistavu nlstu, HDACT - histonovd deacetyldza 1, IRAIN - Intragenni antisense IncRMA
na bokusu IGF 1R, MGP - matrixowy Gla protein, HSP27 - protein tepelného Soku 27, KOND1DN - nasledny soused KONQ genu, MEG3
- materndlné exprimovany gen 3, MMP-13 - matricovd metaloprotelndza 3, OTUDBE-AS1 - antisense RMA 1 obsahujid OTU doménu
68, SARCC - IncRNA potlatujicl andregennd receptor u rendlnibvo karcinomu, SFPQ - sestfihovy faktor bohaty na prolin a glutamin,
SLCATAL — proteln 2 vytladujid vice léki a toxind, TGF — transformujicl nkstovy faktor, TRIMS52-A51 - antisense RNA 1 z rodiny tripar-
titnich motiwd 52, XI5T - ¥-neaktivnl specificky transkript

T - zwyteni exprese,  — utlumend exprese
A

chidzi k jeho destabilizad a inhibici jeho
fumkece. Masledné potlafeni exprese miR-
-143-3p inhibuje dalsi signaly, jako jsou
Akt MMP13, K-RAS a P-ERK, tedy znamé
onkogeny [21,22]. Destabilizace AR thumi
i dalii onkogenni drahu, HIF-2wic-Myc,
SARCC se tedy uplatfiuje i v regulaci kas-
kady HIF (hypoxiz-inducible factor) [23].

Onkogenni IncRNA

Prehled onkogennich IncRMA je uwve-
den v tab. 2. Tyto IncRNA pfimo stimu-
luji produkci jinych onkogend nebo

tlumi expresi nadorovych supresord.
V mnioha pfipadech viZou miRMA, dimz
pfimo blokuji jejich plsobeni na cilové
mRAMA. Stimuluji zndmé patogenetické
drahy RCC - HIF kaskadu, Wnt/katenin,
FI3K Ak, EMT. Ve thani nadord jsou ex-
primovany we zwvyieng mife [29-88].

HOTAIR

HOX transcript antisense ANA® je jednou
z nejmnaméjich onkogennich IncRMA.
\ patogenezi RCC se typicky uplatfuje
miRMa .sponging”. Timto mechanizmem

inhibuje funkci nadorové supresorové
miiR-124, coZ vede k nadprodukci 2,8-sia-
Iyltransferazy 4, kterd stimuluje prolife-
raci, migraci a invazi RCC [42]. Vazba
s miR-138, miR-200c, miR-204 nebo miR-
217 stimuluje produkci onkogend, jako
jsou ADAMYS, EFH2, ZEBT &i ZEB2, pfifemd
zvyiend exprese HOTAIR je stimulowvdna
pusocbenim estrogenoweého receptoru i,
ktery se kromé RCC uplatfiuje i u jinych
nadorovych onemocnéni [43]. Kompe-
titivni inhibice miR-217 stimuluje pro-
dukci HIF-1z a naslednd AXL [44].
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f‘l‘ab. 2. Piehled onkogennich IncRMNA v patogenezl karcinomu z rendlnich bu m!kﬂ'l
a jejich biologlckych funkel.

IncRMA Mechanlzmus pdsobeni Pozndmbka Odkaz
ATB +p53 vazba p53 na DNMTI [25]
T EMT cfl TGF-f [30]
MALAT1 rmiR-203 sponging T BIRCS {survivin) [31]
miR-182-5p sponging [32)
milR-429 spanging [331
T Liwin [34])
T EMT T EZH2, p-katenin [35]
LIRRCC T skt + FOXO3 [38]
ITGET + Ml 37
GHET1 TEMT [38]
HOTTIP T Pisk Ak 1351
miR-515-3p sponging T IGF-2 [40]
= LATS2 [#1]
HOTAIR rmiR-124 sponging [42)
IS8 R 2000 TR0 e (43
milR-217 spanging T HIF1a, AXL [44]
ZFAsT miR-10a sponging TsKA1 [45]
EGFR-AS1 + degradace EGFR mRMNA TEGFR [46]
LINC-PINT TETHZ Lps3 47
AFAP1-AST + PTEN [48]
YT miR-16-5p sponging [49]
T EGFR [501
T Ml [511
miR-200c spanging T ZEB1, ZEBD 521
TuG! miR-9 sponging TYaP 531
miR-196a sponging [54]
CRNDE T EMT [551
T Wntkatenin [56]
HOXAT1-AS miR-148b-5p sponging T MMP1E [571
DUXAPE rmiR-126 sponging [5E]
LUCAT1 miR-495-3p sponglng T SATE1 [59]
T Akt [e0]
+ps7? [B1]
SNHG14 miR-203 sponging T NAWASPE [62]
SNHG15 T EMT 631
THOR TIGF2BP1 T IGF, Myc, GLI [64]
SNHG1 + miR-137 651
MIAT milR-29¢ sponging [B&]

e

MALAT

Metastasis-associated lung adenocar-
cinoma tramscript 17 oznadovany i jako
NEATZ [nuclear-enriched abundant
transcript 2), stimuluje EMT a tlumi ex-
presi miR-205 [35]. Inhibice miR-203 zvy-
Zuje expresi onkogenu BIRSS (survivinu),
cof wede ke zvySeni proliferace bumék
RCC [31]. MALAT1 vaZe i daldl tumor
supresorove miRMA, jako jsou miR-
-182-5p a miR-429 [32,33]. Zvyiend ex-
prese MALAT1 u RCC vede k nadprodukci
proteinu Livin, ktery stimuluje nddorowvy
rist zejména blokowanim apoptdzy [34].

LLICATY

Llumg cancer associated transcript 1°
je ddleZitym regulitorem proliferace.
Stimuluje Akt - signdlni drihu, dale
se vaie na polycomb represivii kom-
plex 2 [PRC2), a tlumi tim exprese nado-
rového supresoru p57 [60,61]. Inhibice
miR-4%5-3p stimuluje proliferaci a invazi
nadprodukcl genu SATET [59].

HOTTIP

HOX A transcript at the distal tip® stimu-
luje signdlni drdmu PI3K/akt [39]. Kom-
petitivnd inhibice miR-615-3p ocdblokuje
produkci jejiho cilového proteinu IGF-
2, ktery ma stimulaéni efekt ma rist na-
dorovych bunék [40]. Vazba HOTTIP na
EZH2 a specifickou lyzinowou demeaty-
lazu 1 tlumi expresi nadorové supreso-
rowé kindzy LATS2 [41].

PVT1

<Plasmacytoma variant translocation 1°
se aktivné zapojuje do procesu EMT.
Vazba s miR-200c stimuluje expresi
ZEBT a ZEB2, kreré sniZuji hladinu E-kad-
herinu. Ve tkdni RCC byla prokazina
i vyEii exprese sestfihové varianty bez
exonu 4 [52]. Ke stimulac proliferace, in-
vaze a EMT dochdzi interakci PVT1 s miR-
-16-5p [49]. Zwvyiend hladina PVT1 dale
stimuluje expresi onkogenu Mcl-1,
ktery je vyznammnym inhibitorem apo-
ptizy [51]. Dalsim popsanym mechaniz-
mem plsobeni PYT1 je aktivace signdlni
drahy EGFR [50].

uCal

LUrothelial cancer associated 17, pd-
vodné spojovany s urotelidlnimi nadory
modového méchyfe, se uplatiuje jako

Klin Onkol 2020; 33(5): 340-349
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Tab. 2 - pokratowdni. Pfehled onkogennich IncRNA v patogenezi karcinemu z rendlnich bunék a jejich blelogickych funkeil.
IncRMNA Mechanlzmus plsobeni Pozndmbka Odkaz
AFAP1-AS1 - antlsense RMA 1 asociovand
RS NPUSKINCEwsIOR 57 5 proteinemn spojenym s aktinowymi vidkny
CRPAT4 T avLe [B8] 1, Akt - protein kinaza 2, ATB - IncRMA ak-
UCAT miR-129 sponging T sonie 2] tivovana transformujicim rastovym fakio-
. rem fi, ANRIL - antisense nekddujicl RNA
EZH2, L miR-495 +p21 [ral na locusy INK4, AVLY - AVLY protein spo-
[F1] Jeny s migraci bunék, AXL - tyrozin-pro-
GIHCG ra tein kindzovy receptor UFO, BEL-W - pro-
tein 2 podobny Bol-2, BIRCS - bakulowirowy
H1g9 mifi-29a-3p sponging T E2F1 731 inhibitor 5 obsahujicl opakovin apoptdzy,
ROR lpss  -Myc [74) CCAT -transkript 1 spojeny s karcinomem
o nlist o - pro-
-438H11S e — s L tein nekddujici gen odliiné Ex“pnmwpani'
738 1 EMT 76l u kolorektdlni neoplazie, CRPAT4 - tran-
skript 4 spojeny s progndzou switlobunéé-
CCAT1 TLivin 177 ného RCC, DNMT1 - DNA metyltransferiza
NEAT1 mifi-34a sponging T e-MET [7E] 1, DUXAPSE - pseudogen 8 dvolitého ho-
mecboxu A, BGFR - receptor epldermal-
=L e niho ristového fakboru, EpZtI-‘:Z szallmlaﬂ
MRCCATY - MFR3 T p3s-MAPK [e0] zeste homologu 2, EMT - epiteliding-me-
SRLE T IL-6/STAT3 B1] zenchymdlni tranzice, E2F1 - transkripdnl
faktor E2F1, FOXO3 - vidlitkowy protein
HEIRCC Temr 82 03, GHET1 - transkript 1 vysoce exprimo-
AMRIL T pkatenin, Ki-67, EMT [B3] vany u karcinomu Zaludku, GIHCG - In-
RIST 1 miR-303c temET (841 cRMA postupné zvyiena béhem hepato-
karcinogeneze, GLIT - onkogen spojeny
LINCOO152 L mif-205 Lpa [85) s gliormem, HEIRCE — vysoce exprimovany
UEO0aYEY.1 (B8] u rendbniho karcinomu, HIF 1o - hyposdl in-
dukovany faktor 1 alfa, HOTAIR - antisense
IncARSR rlf-34/miR-449 sponging T ANL, c-MET [B7] RMA transkript HOX genu, HOTTIP  tran-
S'aHIF-1a T HiF-1a [B8] skript HOX A na distdlnd Spifoe, HOX - ho-
TaHIF-1a meobo, IGF - nistovy faktor podobny in-
zulinu, KaF2BP1 - protein 1 vdzajici mAMNA
nistového faktory podobného inzulinu 2,
¥~ snizenl, T zvjSent iL-6 — interleukin &, ITGET — Integrin beta-
1, LATS2 - velkd nadorowd supresorovd
kindza 2, LINC-PINT - dlouhy intergenni proteln nekddujic transkript ANA indukovany p53, IncARSR - IncRNA aktivovana u RCC re-
zistentniho na sunitinib, LUCAT1 - transkript 1 spojeny s karcinomern plic, MALAT1 - transkript 1 spojeny s metastazujicim karci-
nomem plic, MAPK - mitogenem aktivovana protein kinaza, Mcl-1 - protein diferenciace bunék myeloldnl leukérmle 1, MIAT - tran-
skript spopeny s infarktem myokardu, MMP16 - matrixova metaloproteindza 16, MRCCAT1 - transkript 1 spojeny s metastatickym
rendlnim karcinomern, Myc - myelocytomatsdza, MEAT1 - jaderné obohaceny abundantni transkript 1, MPR3 - C receptor natriure-
tického peptidu, N-WASF - nervovy protein Wiskott-Aldrichova syndroru, PI3K - fosfatydilinositol-3-kindza, FTEN - homalog fosfa-
tdzy a tenzinu, PYT1 - translokace varanty plazmocytornu 1, RCC - karcinom z rendlnich bunék, ROR - reguldtor pleprogramovani,
SATE1 - spacidlni proteln vizajici AT bohatou sekvencl, SDCT - syndekan 1, SKA1 - protein 1 spojeny s vieténkem a kinetochorem,
SNHGT, SMHG14, SMHG15 - hostitelsky gen pro malou nuklecldmi RMA 1, 14, 15, $0¥4 - transkripéni fakuor S0%-4, SRLA - IncAMA
spajend s rezistencl RCC na sorafenib, STAT3 - signalnd ménié a aktivitor transkripoe 3, TGF-f - transformujicl ristovy faktor beta,
THOR - wysoce konzervovana onkogennl IncRMNA spojend s varletem, TR73-A51 — antisense AMA 1 spojend s nddorowvym protelnem
73, TUGT — gen regulovany taurinem 1, UCAT - spogena s wrotelidinim karcinomem, URRCC - IncRNA BXe49059, XIST - X-neaktivni
specificky transkript, YAP - yes-asociovany protein 1, ZEB1, ZEB2 - homeobox vaza|icl E-box zinkowgch prstd 1, 2, ZFAS1 - antisense
ANA 1 zinkowvéha prstu MFX

b
onkogen i v patogenezi RCC [F1]. Inhi-  proliferace bunék RCC dochazi zvyie-  IncRNA jako diagnostické
bici exprese miR-129 stimuluje expresi  nim exprese EZH2 a interakci s miR-495.  biomarkery RCC

cilového genu 50X4 s antiapoptotic-
gy efektern [69]. Ke stimulaci bunéiné

EZH2 déle tlumi expresi nadorového
supresoru p2 1 [F0].

e srovndni s nenadorovou tkani jsou
ve tkani RCC aberantné exprimovany
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Tab. 3. Wybrané studie stanovujicl expresni profily IncRNA u karcinomu z renadlnich bunék.
Rok m Subtyp RCC Whﬂfh‘lm Up-regulované Down-regulovand  Odkaz
2012 [ coRCC 726 146 480 [89]
013 1 ccRCC 40 14 26 [20]
2015 475 cchcC 1943 [91]
2015 15 cchCC 1308 568 a0 [92.93]
2016 59 chRCC 143 41 102 [24]
o7 530 ccRCC 5200 2445 [95]
2018 519 ccRCC 1518 1059 459 [98]
2018 5 ccRCC 1554 943 &11 [&]
RCC - karcinom z rendlnich bunék
p A
' I
Tab. 4. Panely prognostickych IncRNA u karcinomu z rendinich bumék.
Pofet IncRMA  Konkrétnl IncRNA Odkaz
] CTA-38408.35, CTD-2263F21.1, LINCO1510, RP11-352G9.1, RP11-39567.2, RP11-426C22 4 [102]
g RP13-463N16.6, CTD-2201E18.5, AP 11-430G17.3, ACO05TA5.2, RP11-2E11.9, TRAP2A-AS1, [o3]
RP11-133F8.2, RP11-297L17.2, AP11-348124 22
[ ACD03092.1, ACOTI160.1, COL18BAT-AST, LINCOO520, LINCOZ2154, SLCTAT1-AS1 [104]
1 ACO16773.1, HOTTIR LINCO0460, MALCH-AST, PVT1, TRIM36-IT1, WT1-A5, COL1BA1-AS1, [0s]
LINCOO443, LINCO0472, TCLG
4 EMSGOO000255774, ENSGDOOO0248323, ENSGOODM0R2E0911, ENSGO0DD023 1666 [106]
LINCO0520, PIKICD-AS1, LINCD1559, CEACAM2IF, MSL3P1, TREMLIP [107]
g mg—fﬁl COL1BAT-AS1, WT1-A51, ACOT6773.1, LINCO0460, LINCD0313, HOTTIF, FGF14-A51, [o€]
LOCR06T24, SCART1, SNORAS, LOCTIR034, HAVCRTP, FOGR1CR LINCO0240, LINCO0ES,
19 GHIP SMHGS, KIAADT 25, URE1-AS1, ZMF542F, TINCR, LINCO0926, PDXDC2E COL1BAT-AST, [108]
LINCO0202-1, LINCOO0937
4 RAB31, ACTNG [108]
2 ENSGOO000241684, NEAT1 [110]
[ COL1BAT-AS1, WT1-AS, LINCOO0443, TOLG, ALI56356.1, SLCISAS ASI [111]
¥ AFAP1-AS1, GASE-AST, RF11-1CE.7, RF11-21L1901, RP11-503:C24.1, RP11-53616.2, RF11-63A11.1 [112]
2 PVT1, DUXAPE [95]
2 CRMDE, ENSGOMMM0244020 [113]
5 ACDE9513.4, ACMO3092.1, CTC-205M6.2, RP11-507K2.3, U91328.21 [114]
A

stovky IncRMA (tab. 3). Vyrazné deregu-
lowvané IncAMA v nadorowvé thani ve srow-
nani s tkani nenadorovou tedy mohou
predstavovat potencidlni diagnosticks
biomarkery pro odlifeni pacientd s RCC
od pacientd bez nadomu. Expresni pro-
fily IncRMA jsou stanoveny vysokokapa-
citnimi metodami jako microarray assay,

sekvenovani nové generace nebo sek-
wvenovani na Eipu. Movéjii prace obwykle
wyuiivaji dostupné informace z TCGA
{The Cancer Genome Atlas), kdy jsou wy-
brané IncRNA poté validovany na ko-
horté pacientd s RCOC [60,89-96].

Afkoli mnoZstvi praci uddva signifi-
kantmi rozdily v expresi jednotlivich In-

cRMNA mezi nadorovou a nenddorovou
tkani, pouze v nékolika z nich se objevuji
udaje o diagnostické pfesnosti umoZhu-
jici odlifeni pacientd od zdravych kont-
rol, jako je ROC anaklyza & stamoveni sen-
zitivity a specificity [14,18,97]. Vysledky
u PVT1 (ALC 08567, senzitivita B6,67 %,
specificita 76,67 %), LUCAT1 [AUC
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0,7756, senzitivita a specificita 90 %)
a LIMCO0982 [AUC 09578, senzitivita
76,67 %, specificita 66,67 %) se jevi z hle-
diska diagnostiky jako velmi slibné [98].

Stanoveni hladin cirkulujicich IncRNA
jako minimalné invazivniho zpldsobu
diagnostiky RCC zapada do konceptu
tzv. tekuté biopsie (liquid biopsy). Kromé
cirkulujicich nadorowych bunék a cirku-
lujici nadorové DMA jsou jiZ dostupné
prace i o vyusiti IncRNA v detekoi riz-
nych nadeorovych onemocnéni [99]. Im-
formace o moZném vyuZiti cirkulujicich
IncRMA jako biomarkend RCC jsou zatim
nedostateéné. Ojedinélé studie popisuji
dobrou diskriminaéni schopnost pro od-
liteni pacientd s RCC od zdravych kont-
rol (AUC 0,920, senzitivita 87 %, specifi-
cita 84,8 %) a dokonce odlideni pacientd
w fasném stadiu RCC od zdravych kom-
trol (AUC 0,886, senzitivita 80,7 %, spe-
cificita 84,8 a vice) u onkogenni IncRMNA
GIHCG [72]. Panel péti cirkulujicich Im-
cRMA (LET - low expression in tumor,
PYT1 - plasmacytoma wariant translo-
cation, PAMDAR - promoter of CDEM1A
antisense DMA damage activated RMA,
PTENP1 - phosphatase and tensin ho-
molog pseudogene 1, linc0d963) dokaze
spolehlivé odliit ccRCC od zdrawvych
komtrol w tréninkowve (AUC 0,90, senziti-
wita 79,2 %, specificita 88,9 %) i testovaci
kohorté (AUC 0,823, senzitivita 67,6 %,
specificita 91,4 %). Pro odliseni ccROC
stadia | byla dosazena AUC 0,85 [100].
Sérowé hladiny ACTE a MALAT1 nejsou
u pacientd s urologickymi nadory (vE.
RCC) signifikantné wyssi neZ u nenddoro-
wych omemocnéni [101].

LncRNA jako prognostické
biomarkery

Aberantni exprese IncRMA koreluje
u mnoha IncRMA s klinickopatologic-
kymi charakteristikami tumornu a ovliv-
fiuje pregnizu pacienta. Mejpiastéji sle-
dovanymi parametry jsou celkowe pregiti
a nadorové specifické pleiti. Dostupna
data se opiraji bud o vyzkum jednotli-
wych IncRMA, nebo se jedna o analyzu
dat z TGCA databdze, kdy je obwykle
jako prognosticky biomarker hodnocen
panel nékolika IncRMA, které jsou pou-
Zity ke kalkulaci rizikoveého skare. V pfi-
padé onkogennich IncARNA je wyisi ex-
prese vesmés spojena s horéi progndzou,

Tab. 5. Vztah expresnich hladin jednotlivych IncRNA s prokazatelnym vztahem
k progndze karcinomu z rendlnich bunék.

h

IncRMA
ADAMTS9-A52

EMNATODDO0M34223

DHRS4-A51
LOC389332
TCLG
SDPR-AS
MNEAT-1
HOTTIP
ZFAS1
EGFR-AS51
OTUD&E-AST
LINC-PINT
AFAP-AS1
T
SNHGE
CRNDE
HOTTIP
LUCATT
MIAT
TP73-A51
GIHCG
ROR
RP11-436H11.5
MEAT1
MFI2-A51
MRCCATY
ATB
BANDAR
ucal
SLINKEY
TuG1
LiMCo0152
MALAT1
ZNF180-2
H19
CADM1-AS]
SPRY-IT1

Exprese

=3 = = =3 = ¥ = | = > = = | = | W k= = = = A~ = e~ -

T - zwilend exprese, | - snidend exprose / horél progndeza
.

Progndza = Odkaz

I8
1]
[1&]
[115]
[118]
[117]
[118)
[3%]
[#5]
[46]
[14]
[47]
[48]
[49,50,52,119)
[120)
[55]
[#0]
[59-61)
[66]
[67]
[72]
[74]
[75]
[78,79]
[21]
[80]
22
[123]
[#]
[124]
[125]
[85,126)
[35.127]
[&7]
[128)
[129)
[130]

TR T Il i T e e S e e e e e . kol T el I S S e e e e e . K ik = I =

346

Elin Onkol 2020; 33(5): 340-349

98



DLOUHE MEKODUICT BNA A KARCINGM 7 RENALNICH BUNEK

(r'l‘ab. 6. IncRMNA jako potencidlni terapeutické cile léfby karcinomu z rendlnich

bunék.
ImeRMA I vitro test Efekt Odkaz
ADBMTSS-A52 1 POS [8]
ATE + POs [29.30]
GASLY T POS [
LINCO0961 T POS M3z
ITGE1 1 MNEG [37]
GHET1 4 POS [38]
HOTTIP * POS [39.40]

1 MEG [3%]
ZFAST - POS [45]
OTUD&E-AS1 T POS [14]
KCNQIDN 1 POS [15]
LINC-PINT il POS [47]
AFAP1-AS1 b POS [48]
PYT1 4 POS [#9,51,98]
MALAT1 - POS [32,33,35127)

] MEG [34]
SMHG15 . POS [63]
THOR T MEG [&4]

: POS [B4]
SMHG1 4 POS [&5]
LUCAT - POS [E50]
DHRSA-A51 T POS [18]
TP73-A51 1 MEG [67]
CRPATS + POs [68]
LCAT 4 POS [e9-71]
GIHCG - POS [72]
H19 - POS [73,128]
ROR 4 POS [74]
EGOT T POS [1%]
RP11-436H11.6 - POS [75]
DANCR T POS [0]
138 - POS [78]
CCAT 4 POS [77]
MRCCATI il POS [0
PAMDAR 4 POS [123)
HOTAIR . POS [44]
SLINKY 4 POS [124]
HEIRCC il POS [82]
ANRIL 4 POS [E3]

u tumor suprescrovych IncRMA je vztah
opacny. Studie zkoumajid prognosticky
wvyznam paneld o rizném poctu IncRMA
jsou prezentovany v tab. 4 [95,96,102-
114]. Prehled jednotlivych IncRNA
ve wrtahu k progndze RCC je uwve-
den v tab. 5 [8,9,14,18,35,39 40,45-
50,52,5559-61,66,67,70,72,74,75,78-
B0,85,97,115-130].

LncRMA jako prediktivni
biomarkery odpovédi na cilenou
létbu

Byla identifikovdna ARSR (IncRMA acti-
vated in RCC with sunitinib resistance),
jejiz vysoka hladina exprese koreluje se
Epatnou odpovédi na sunitinib. Mecha-
nizmus tohoto pdsobeni spodiva v kom-
petitivnd inhibici miR-34 a miR-449, cim
dochazi ke zwyieni exprese AXL a c-MET
v nadorovych bunkach. Mavic se ARSR
miliZe inkorporovat do exozomid a phe-
natet i na senzitivni bufiky, coz dile
Zvysuje rezistenci na sunitinib [87]. Né-
které gemetické varianty ARSR, napf.
rs7B59384ARSR, jsou viEak spojemy
s lepdi citlivosti na kcbu [131]. Hladina
nadorové supresorové IncRNA SARCC
(supressing androgen receptor in RCC)
s b€hem létby sunitinibem zvyiuje, co
potencuje efekt této 1&€by a citlivost na
ni [21]. Ve wztahu k |&£bé sorafenibem je
popsana IncRMA SRLR (sorafenib resis-
tence-associated IncRMA in RCC), ktera
je ve zvyiené mife exprimovama u RCC
rezistentnich na sorafenib. Jeji utlumeni
senzitizuje pivodné neodpovidajici
bufiky k |&bé sorafenibem [81]. n witro
testovani prokdzalo zvyieni senzitivity
bumék RCC ma sorafenib i po utlumeni
exprese onkogenni NEAT1 [78].

LncRMNA jako potencialni
terapeuticks cile

Uvahy o vyugiti IncRMA jako terapeu-
tickych cild vychazi z in witro (pfip. in
vive na zvifecich modelech) experi-
mentd, pfi kterych je exprese studo-
vané IncRMA utlumena nebo zvyiena,
pfipadné je provedena transfekce bu-
néctnych limii konkrétni IncRNA. Na-
sledné je pozorowan vliv na biologicke
vlastnosti bunéénych limii, jako je proli-
ferace, migrace & apoptoza. Tab. 6 pre-
zentuje vysledky in vitro experimentd
u konkrétnich IncRMA, které autofi po-
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™y
[ Tab. 6. IncRMNA jako potencidlni terapeutické cile l1ééby karcinomu z rendlnich

bunék.
IncRNA In vitro test Efekt Odkaz
MST v POS [B4]
SDPR-AS T POS [117
MNEAT1 + POS [74]
FTX v POS [133)
BY3I57664 t POS [24]
CRNDE T MEG [56]
LICOOSYEY.1 + PO [85]
CASC2 1 POS [25]
TRIMS2-A51 t POS [26]
IFLAIN 1 POS [27]
LINCOO152 t NEG 28]

v POS [128)
MEG3 1 POS [17]
MBAT-1 4 NEG 117
CADM-AS1 t POS [29)
SPRY-IT v POS [13m
GASS t POS [28]
t- zviten| exprese, + — utlumend exprese, POS - piznivy efekt (potlateni nddoro-
wych wlastmosti w bunéémé lindi), MEG - nepfiznivy efelt (stirmulace nadonowyich vast-
meostl w bunédné linil)

e "

vaiuji za potencidlni terapeutické
cile u pacientd = RCC [8,11,14,1517-
20,24-30,32-35,37-40,44,45,47-49,
51,56,60,63-65,67-77,79,80,82-84,
B6,98,117,118,123,124,126-130,132,133].

Zaver

U RCC je popsdma aberantni exprese
mnicha IncRMNA. Uplatfiuji se jako onko-
geny i jako nadorowé supresory a v pa-
togenezi RCC sehravaji ddlezitou roli
pii regulaci bunééné proliferace, bunéd-
ného cyklu, apoptazy, migrace, invaze
a metastazowvani. Mechanizmus jejich
plsobeni zahmuje znamé drihy jako
VHL/HIF kaskada, Wnt-katenin, PI3K/Akt,
dale EMT &i piimou regulaci znamych
onkogend nebo represi tumor supre-
sorl. W mnoha pfipadech vazou miRMA
L.sponging®), a brani tak jejich vazbé na
mRMA. Odligné exprasni profily, vztah
k progndze onemocnéni a reakce na ci-
lenou léEbu naznacuji potencialni vyu-
Eiti IncRMA jako biomarkerd pro éasnou

detekci ROC a stanoveni jeho progndzy.
Vysledky testd na bunéénych liniich in
vitro (.kmockdown® onkogennich In-
cRMNA nebo stimulace nadorové supre-
sorovych IncRNA) jsou pfislibem pro wy-
uFiti IncRMA jako terapeutickych cild.
V dobé nastupujici imunoterapie RCC
lze ofekdvat dalsi intenzivmi vyzkum
IncRMA ve vztahu k receptoru PD-1,
resp. PO-L1.
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7. Future perspectives

Short and long non-coding RNAS have been the target of intensive clinical research in the last
two decades in terms of potential biomarkers and therapeutic targets for cancer treatment.
Given the amount of preclinical evidence that have indicated the role of miRNASs in cancer
resistance, another goal of research is to utilize miRNAs to increase the sensitivity of tumour
cells to systemic treatment (56). Despite clinical evidence, miRNAs have not yet been used in

routine clinical practice. There are several possible explanations (57):

1. The amount of miRNA biomarkers have been studied in groups with limited number of

subjects and without validation cohorts.

2. It is difficult to overcome side effects of miRNA-based treatment, which is due to the
simultaneous regulation of multiple targets. An example is MRX34 (liposomal formulation of

miR-34a) halted due to severe immune-mediated adverse effects.

3. The need for a better delivery system and ensuring the highest possible stability of

oligonucleotides in vivo.

Further research of other groups of small non-coding RNAS (piRNA, tSRNA) may be the key

in terms of new therapeutic targets for RCC.

Similarly, there are several unresolved issues regarding INCRNAs, such as the exact
mechanism of abnormal IncRNA expression in the tumour or lack of information on the
various upstream regulatory mechanisms of INCRNA, such as histone status, DNA

methylation patterns, transcription factors or post-transcriptional mechanisms (58).

Recent research on genomic enhancers and non-coding RNAs generated from enhancers,
enhancer RNAs (eRNAs), has demonstrated their functional role in both normal and tumour
cells, especially gene activation and interactions with transcriptional activators and co-
activators (59). Due to their length, eRNAs are sometimes considered a subset of IncRNAs,
although their properties are more variable than IncRNAs. Thus, eRNAs can be expected to

become another target for the diagnosis and treatment of cancer.

An interesting area of research is exosomal INcCRNA. Exosomes represent a medium for
InNcRNA transmission among tumour cells and their content (including IncCRNAS) is another

possible target of so-called liquid biopsy in tumour diagnosis (60). Engineered exosomes,
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capable of carrying anti-tumour drugs, proteins or therapeutic miRNAS are promising in terms
of treatment (61).

103



8. Conclusion

The habilitation thesis presents the author's systematic work in the field of renal cell carcinoma
research in terms of suitable biomarkers for the diagnosis and monitoring of the disease. It
documents close and productive multidisciplinary cooperation of the clinical field (urology)
and molecular medicine, which results in the presented publication outputs in important
professional periodicals supported by active participation in national and international forums.
In the introductory part of the thesis presents the issue of renal cell carcinoma mainly in relation
to the clinical stage and prognosis of the disease, thus building a rational basis for efforts to
detect the disease early, while describing the main molecular genetic mechanisms involved in
its pathogenesis. The next part justifies the need to find biomarkers of this disease and presents
individual groups of biomarkers. The main part of the work is a detailed description of non-
coding RNASs, where the presented results clearly indicate their possible use in the diagnosis
and prognosis of renal cell carcinoma. It can be stated that the presented work fulfilled the goals
set by the author and in addition to a detailed description of the issue can also serve as an
impetus for further scientific work with the aim of implementing the acquired knowledge into
clinical practice and finding other modern diagnostic and therapeutic methods in clinical

oncology.
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