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MikroRNA predstavu)i extrémné rychle rostouct oblast mole-
kuldmi blologle a poznatky o nich se |t staly Jednim ze ziklad-
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nich stavebnich kamend nadorowé biologle. I tohoto postave-
ni vypljvd | potencidini vyuZiti mikroRMA v klinické praxi, a to
Jak v diagnostice, tak v terapll nadorovych onemocnéni. To, fe
se Jednd o rediné predpokiady, dokazuje | vstup prvnich It

na bazl mikroRNA do klinidkych hodnocend.

Prvni monografie na toto téma v nasi literatufe pfindsi informace M I KRO
o zikdadnich principech biclogle mikroRMA a metodich jejich stu-
dia, ale pfedeviim systematicky zpracowdvd zapojend mikroRNA

V ONKOLOGII

do patogeneze hlavnich skupin solkdnich a hematologickych
malignit, s uztim zamétenim na wyuiti mikroRNA jako blomar-
kerll v diagnostické a predikthmi onkologll a pro terapeuticks
udely. Monografil pfipravil autorsky kolektiv cdbornikd, ktel
ma|i praktické zkutenost s vyzkumem mikroRMNA a své poznatky

MIKRO
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Svét nekodujicich RNA

kodujici geny predstavuji méné nez 2% celkové sekvence genomu
VS.
minimalné 90% lidského genomu je aktivné transkribovano
¢im vice je organizmus komplexni, tim vice obsahuje nekodujicich RNA

Homo sapiens 1.4%

Drosophila melanogaster 20%
Caenorhabditis elegans 27%
Arabidopsis thaliana 29%
Saccharomyces cerevisiae 70%
Escherichia coli 86%
Mycobacterium tuberculosis 91%

Archaeoglobus fulgidus 92%

Recent evidence suggests that the non-coding RNAs (hcRNAs) may play
major biological roles in cellular development, physiology and pathologies.
NcRNAs could be grouped into two major classes based on the transcript
size: small ncRNAs and long ncRNAs.



Sana et al. Journal of Translational Medicine 2012, 10:103
http//www.translational-medicine.com/content/10/1/103
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Table 1: Types of recently discovered human non-coding RMAS.
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Definice mikroRNA

MikroRNA je definovana jako kratkd, 21-23 nukleotid( dlouha
jednoretézcova RNA, ktera vznika z dlouhého primarniho
transkriptu (pri-miRNA) a vlasenkové prekurzorové struktury
(pre-miRNA) ucinkem ribonukleaz v jadre a cytoplazmé a jejiz
hlavni funkci je post-transkripcni regulace genové exprese.

Kriteria:

1)kratka RNA musi byt jednoznacné detekovatelnd pomoci Northern blotu, RT-PCR nebo jiné standardni
metody umoznujici detekci RNA,

2)kratkd RNA se musi vyskytovat v kmenové ¢3sti vlasenkové, asi 70 nukleotid(i dlouhé prekurzorové
struktury,

3)sekvence kratké RNA a jejiho prekurzoru musi byt fylogeneticky konzervovana (s vyjimkou druhové
specifickych miRNA),

4)inhibice kli¢ovych ribonukleaz v biogenezi miRNA musi vést k poklesu hladin kratké RNA a k akumulaci jeji
prekurzorové struktury.

hsa-miR-30a-5p

uuga a a uc
cagug gcg cUGUAAACAUCE GACUGGAAGcu gug a

FEOEE TR FErrrerrrr ettt 1]
gucau cgu CACGUUUGUAGE CUGACUUUCqg cac g
cucc C C S guaga c

hsa-miR-30a-3p
Obr. 1.5. Ukazka prekurzorové vldsenkové struktury mikroRNA.



Zakladni fakta o mikroRNA

*miRNA were firstly discribed by Ambros et al. (1993) in C. elegans (lin-4)
*Approx. 3% predicted human genes are miRNA genes

*1390 annotated human microRNAs*(1000 -2000 predicted)

*miRNAs have potential to regulate up to one half of genes in human genome
*Phylogenetically well conserved

*Several miRNAs are encoded by more than one gene

*miRNA genes frequently form clusters and families (eg. cluster miR-17)
*miRNA genes are mainly localized in intergenic regions and in introns

a b [
miRNA family members can be very similar eg let-7 famr ¥E o "
mmu-let-T7a: UGAGGUAGUAGGUUGUAUAGUU § 8 PremANa §
mmu-let—-7b: UGAGGUAGUAGGUUGUGUGGUU boili ol "
mmu-let-Tc: UGAGGUAGUAGGUUGUAUSEUU Cytoplasm
Di
mmu-let-7d: AGAGGUACUAGGUUGCAUAGUU lr “ L

A

mmu-let—T=:

IGAGEUAGEAGEUUTGUATASTT Y : aImin
[ l : T TTTTIT Oncogene 1
— _ - T =TT TROATITIETTIATTIR TITT . T
mmua—let—7f: UGARGEUAGUAGAUUGUAUTAGUU O siaind ioooraied Jiip AIZC jjaL“%W
mmu-let-Tg: UGAGGUAGUAGUUUGUACRGUY f \ Tumor suppressor gene — s o
. RizC
- P - T A TT TRACTTITITT - ~TTiT e 7 4
mmu-let-7i: UGAGGUAGUAGUUUGUGCUGUU _— R - s/tt\ﬂ@_"’ww Wwa
mANA
mRMA Translation p
cleavage inhibition +Tumor suppressor gene expression TOncoge ne expression .

*Sanger miRBase release 17.0, 2011



Struktura a distribuce genti pro mikroRNA v lidském genomu

e Geny pro miRNA jsou rozmistény na
vSech lidskych chromozomech

s vyjimkou chromozomu Y. Mezigenove
YYD H =aron » R
* Priblizné 50 % miRNA se nachazi v ‘ , ,
. o o y o Mezigenové, klastrované
podobé klastru (u ¢lovéka 55 klastra), L ) ¥ L
které jsou prepisovany jako Intronové
polycistronni primarni transkripty. g Exon 1 @ miR-S_
Mirtron
Dle vztahu ke znamym a definovanym g x| JmMRT Exon 2 puy

Intronoveé, klastrované

transkripcnim jednotkam délime na =1 ==
. 7 . Ve L4 v > E 1 | || H
* Mezigenové miRNA (priblizné 50 %) - - .
xonove, klastrovaneé

* Intronové miRNA (pfiblizné 40 %) BN xon 1 IMiRY. B Exon2
* miRtrony
* Exonové miRNA

Obr. 1.3. Genomova lokalizace genu pro mikroRNA.
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Guo, Bartel, Nature, 2010



Biologicky polocas a rozpad mikroRNA

MiRNA obecné predstavuji vysoce stabilni molekuly, polo¢as miRNA
v bunécnych liniich nebo organech dosahuje mnoho hodin nebo dokonce i dn(!

MiRNA mohou byt regulované napfiklad blokovanim jejich vazebnych mist na
MRNA pomoci RNA-vazebnych proteint. Volné miRNA jsou méné stabilni

_—> Tt PEERN

Argonaute

-,

Protection by
¢ Argonaute

Argonaute

@Ill‘l}ull HH‘.I.I.I.I.B

5’-to-3’ decay 3’-to-5" decay
in animals in plants

Kai S, Nature Struct. Mol. Biol. 2010



Koncept kompetujicich endogennich RNA - ceRNAs

NEW!

Opacné vnimani regulacniho mechanizmu miRNA - mRNA, kdy tzv. ,competing
endogenous RNA” (ceRNA) reguluji hladinu daného transkriptu tak, Ze soutézi o vazbu
mMiRNA, ktera ma schopnost dany transkript post-transkripéné

regulovat. VSechny transkripty, které maji vazebna
mista pro jednu miRNA, a tak moznost soutézit
jeji vazbu a vzajemné ko-regulovat svou expresi,
potom vytvareji komplexni sit (ceRNA network).

A
Conventional RNA logic ceRNA logic

S UTR_CGDS___ ___3UTR _____
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Salmena, Pandolfi, Cell, 2011
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Alemeida, Calin, Expert Opin. Biol. Ther., 2012




IzomiRs NEW!

* Poprvé popsany v roce 2008 na zakladé vysledkl sekvenacnich studii (Morin et al., 2008, Genome
Res)

* Jedna oblast kédujici miRNA muze vést ke vzniku mnoha rozdilnych izomiRs.

» Zastoupeni jednotlivych izomiRs je tkanove specifické a mize se ménit v ramci odpovédi
na razné biologické signaly.

* Vznik 5" a 3’ izomiRs je podminén Stépenim Droshou a Dicerem nebo uUcinkem transferaz.

* PolymorfniizomiRs mohou vznikat v disledku SNP (vzacné) nebo editaci mikroRNA (A-1).

Funkcni dopady: specificita pro cilové mRNA, Ago loading, biologicky polocas

AGCUACAGCUGGCUACUGGGU Polymorphic
AGCGACAUCUGGCUACUGGGU isomiRs
GCUACAUCUGGCUACUGGGU

5" isomiRs AAGCUACAUCUGGCUACUGGGU
AGCUACAUCUGGCUACUGGGU

AGCUACAUCUGGCUACUGGG
AGCUACAUCUGGCUACUGGGUU L3’ kkomiRs

AGCUACAUCUGGCUACUGGGU }
Canonical mIRNA — AGCUACAUCUGGCUACUGGGU

AGCUACAUCUGGCUACUGGGU Pre-miR
| I sequence

Mature miRNA sequence
derived from miRBase (v18)

TRENDS in Genetics Neilsen, Trends in Genetics, 2012




MikroRNA jako onkogeny nebo nadorové supresory

Oncogenic Tumour-suppressing
miRNAs miRNAs

mom mom

Mutations Mutations
Loss of function Loss of function
Oncogenic miRNA Tumaur-suppressing miRNA
3 5 S
3 .. £ 3 .
TR "I’ i ol 1" o
AAA — I AAA
Tumaur-suppressor mRMA Oncogene mRENA
miRNA resistance miRNA lemstame
. r®
‘o e I mom’
— R AAA — < AAA
Tumour-suppressor mRENA Oncogene mRNA
v v
Upregulation Downregulation
+ More transcription + Less transcription
+ Gene amplification + Genomic deletion
+ Hypomethylation + Hypermethylation

—J_—ﬂM — -l— ——i—ﬁ-M

Tumour-supressor mANA Oncogene mRNA
Tumonigenesis

Kong et al, Lancet Oncology 2012
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MikroRNA jako onkogeny nebo TS v zavislosti na kontextu

Normal cell

b
Tumour cell
Tumour-suppressive
miR-29a

Cell
adhesion

Oncogenes
inhibited by
miR-29a

Tumour-suppressive l

— —

Kasinsky, Slack, Nature Reviews Cancer, 2012



MikroRNA v patogenezi nadorovych onemocnéni

MikroRNA jsou zapojeny do regulace vsech Sesti klasickych a ¢tyf novych znakl maligniho

nadoru dle Weinberga a Hanahana. (Halimarks of Cancer: The Next Generation, Cell, 2011)

Znaky maligni transformace

MikroRNA

sobéstacnost v produkci rastovych
signald

let-7, miR-7, miR-21, miR-34b/c, miR-125a/b, miR-126,
miR-128, miR-143, miR-145, miR-199, miR-331

necitlivost k signallm zastavujicim
bunécny cyklus

klastr miR-17-92 a miR-106b-25, miR-34a, miR-221,
miR-222

poskozena apoptoza

miR-15, miR-16, miR-21, miR-29, rodina miR-34, miR-125b,
miR-133, miR-145, miR-221, miR-222, miR-605

neomezeny replika¢ni potencial

rodina miR-34, miR-138, miR-290, miR-372, miR-373

angiogeneze

miR-23, miR-24, miR-26, miR-27, miR-103, miR-107,
miR-126, miR-181, miR-210, miR-213, miR-221, miR-222,
miR-296

invazivita a metastazovani

rodina miR-9, miR-10b, miR-21, miR-31, miR-122,
miR-146a, miR-148a/b, miR-155, rodina miR-200,
miR-210, miR-373, miR-520c

naruseny energeticky metabolizmus

miR-23a/b, miR-122, miR-375

unik imunitnimu systému

miR-17-5p, miR-20a, miR-93, miR-106b, miR-372,
miR-373 a miR-520¢, miR-155, hcmv-miR-UL112

genomova nestabilita

klastr miR-17-92, miR-15, miR-16, let-7

nadorovy zanét

miR-9, klastr miR-17-92, miR-21, miR-101, miR-146a,
miR-192

Slaby et al., Galen, 2012




MikroRNA v patogenezi nadorovych onemocnéni NEW!

ch bunék.
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Slaby et al., Galen, 2012




MikroRNA v patogenezi nadorovych onemocnéni NEW!

ch procest autofagie, jako jsou signalizace mTOR,

skladani komplexu ULK1, interaktom proteinu Beclin-1 nebo ATG4 signalizace.
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Slaby et al., Galen, 2012



MikroRNA jako biomarkery

Screening and early detection of colorectal cancer

<= Predikce lécebné odpovédi
fecal occult blood test, stool DNA testing

Prognéza,
molekulamni klasifikace

[ e——y

Rust nadoru

Casny zachyt
rela_psu /— Diagnostikovatelné
3 . - nadorové onemocnéni
Patient evaluation ) Follow-up )
Analyza rizik

Casna detekce

a

Clinical examination, diagnostic imaging
(USG, CT, MRI, PET), colonoscopy

m Molecular staging Pathological staging

(KRAS mutation testing, M5I, EGFR pTNM, grade, margins of resection,
l gene copy number, p53 testing...) angiolymphatic invasion,...

&
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colorectal biopsy specimen

n%ng‘:r;:;k;? microRNA-based biomarkers in tissue
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SNP a mikroRNA, rizikové faktory

WP Tyl

m7G ORF

coding sequence

RISC-miRNA

GEMIN3 ‘
GEMIN4 | Agpl-4
X I AAAAAA | l

Disruption of binding site
Increase in mRNA translation

(eg. KRAS) GEMING | RISC-miRNA
GEMIN4 | Agel4 )

Creation of miRNA target site
Decrease in mRNA translation
{eg. ESR1)

Slaby et al., J Cell Mol Med, 2011
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SNP a mikroRNA

SNP ve vazebnych mistech pro miRNA regulované chemoprotektanty

A) )

NCM-356-DMSO
NCM-356-10-IB
NCM-460-10-IB

o
a
=
a

P
°
o
-

i
8
E

miR-23b
miR-362

B) .

miR-486-5p
miR-30a*
miR-27b
miR-671-3p
miR-124
miR-659
miR-23b
miR-15a*
miR-579
miR-652
miR-362-5p
miR-130a
has-miR-155
miR-181a*
miR-372
miR-342-3p
miR-486-5p
miR-9

miR-21*

h
|
e

6

4

Ahddd

N EBnm [
2 '|r
4 ENCM356

= NCM460

Fold change, log 2 scale
Fold change, log 2 scale

®NCM356
®NCM460

NCM-356-DMSO

miR-146a
miR-629
miR-505
miR-758

NCM-460-DMSO
NCM-356-105

NCM=460-105

miR-30a*
miR-27b*
miR-135b*
miR-27b
miR-23b
miR-633
miR-155

Table 2 In silico identified SNPs in ITC-related miRNA binding sites and flanking regions.

Ellliiinilllilla

miR-106a*

Table 3 Logistic regression analysis for the selected SNPs in the miRNA target sequences and their flanking regions.

Table 1 MiRNAs affected by isothiocyanates treatment.

NEW!

Association Chromosome  Validated
miRNA ITCs  Tumor tissue  with cancer localization targets References
miR-27b up down/up NBL, glioma 9q22.32 PPARG, 25,40, 41
MEF2C,
MMP13
miR-23b up down/up CRC, HCC, RCC  9g22.32 SMAD3, FZD7, 21-24,42
MAP3K1
—_—
miR-155 down up CRC, BC, 21g21.3 SHIP1, 26-30
NSCLC, PC, EC, FOXO3A,
see Tilietal. SOCS1, CKAPS,
2009 STAB1,

SMADS, BMPs

NBL neuroblastoma, CRC colorectal cancer, HCC hepatocellular carcinoma, RCC renal cell carcinoma, BC breast

cancer, NSCLC non-small cell lung cancer, PC pancreatic cancer, EC endometrial cancer, PPARG peroxisome

proliferator-activated receptor gamma, MEF2C myocyte enhancer factor 2C, MMP13 matrix metallopeptidase 13,
SMAD3 SMAD family member 3, FZD7 frizzled family receptor 7, MAP3K1 mitogen-activated protein kinase kinase

kinase 1, SHIP1 phosphatidylinositol-3,4,5-trisphosphate 5-phosphatase 1, FOX03 forkhead box 03, SOCS1
suppressor of cytokine signaling 1, CKAP5 cytoskeleton associated protein 5, STABI stabilin 1, SMAD5 SMAD family
member 5, BMPs bone morphogenetic proteins

Association Targeting
SNP Symbol Gene name with cancer Variation MAF  miRNA
SNPS in miRNA binding regions
rs5186 AGTR1 angiotensin Il receptor, type 1 17 A/C 0.25 miR-155
tumor necrosis factor, alpha-induced
rs710100 TNFAIP2 protein 2 15 A/G 0.29 miR-155
rs411103 PRKCB protein kinase C, beta 90 AT 0.33 miR-27b
9 5NPs in flanking regions of miRNA binding sites
rs12009 HSPA9 heat shock 70kDa protein 5 20 A/G 0.48 miR-155
rs700082 RABGAP1 RAB GTPase activating protein 1 2 G/C 0.12 miR-155
rs1057035 DICER1 dicer 1, ribonuclease type Il 96 C/T 0.36 miR-23b
510404 ADAM19  ADAM metallopeptidase domain 19 17 T/C 0.23 miR-23b
von Willebrand factor A domain
rs1939861 VWASA containing 5A & C/T 0.38 miR-27b
rs3757261  SIRTS sirtuin 5 5 T/C 0.24 miR-27b

“The total number of hits in Pubmed when gene symbol is combined with keyword cancer
“Minor allele frequency in Caucasians

Controls® Cases’ -{+ versus +{+ P-value  -f-versus +/+ P-value  P-value
Gene SNP +f+ -+ [ +f+ -+ [ OR"  95%Cl OR® 95% Cl Trend
AGTR1 rs5186 125 73 14 104 78 15 1.25 (0.83,1.90) 0.313 137 (0.62, 3.00) 0.42 0.239
TNFAIP2 rs710100 100 89 23 85 86 26 115 (0.76,1.75) 0.507 133 (0.70, 2.53) 0.399 0.516
PRKCB rs411103 77 108 27 75 97 25 096 (0.63,1.47) 0.869 0.99 (0.52, 1.87) 0.947 0.841
HSPAS rs12009 63 108 32 60 100 38 0.94 (0.60, 1.48) 0.831 119 (0.66, 2.17) 0.603 0.659
) 166 36 1 158 37 2 113 (0.68,1.90) 0.73 2.76 (0.24, 32.06}) 0.395 0.458
91 32 96 82 20 075 (0.49,1.15) 0.217 0.49 (0.25, 0.95) 0.036 0.183
14 74 15 107 72 19 113 (0.74,1.73) 0.54 1.45 (0.69, 3.04) 0.351 0.312
VWASA rs1939861 79 93 31 91 80 27 074 (0.48,1.14) 0.213 0.78 (0.42, 1.43) 0.402 0.169
SIRTS rs3757261 116 81 6 117 75 6 095 (0.3, 1.44) 0.839 0.92 (0.28, 2.98) 0.789 0.798

“Numbers may not add up te 100% of subjects due to genotyping failure. All samples that did not give a reliable result in the first round of genotyping were
resubmitted to up to two additional rounds of genotyping. Data points that were still not filled after this procedure were left blank.
ORs were adjusted for sex and age. Only results for the codominant model are shown. Statistically significant results (P < 0.05) are shown in bold.

Slaby et al., Nutrition and Cancer, 2012
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BRIEF ARIICLE

Evaluation of SNPs in miR-196-a2, miR-27a and miR-146a
as risk factors of colorectal cancer

Renata Hezova, Alena Kovarikova, Julie Bienertova-Vasku, Milana Sachlova, Martina Redova, Anna Vasku,

Table 1 Logistic regression analysis of genotype frequencies of single nu

rs2910164 in colorectal cancer cases and controls in the Czech population

Control CRC
n % n % OR' 95% ClI P value
AfA 93 43.87 88 44 67 1 0.996"
miR-27a A/G 94 4434 86 43.65 0.98 (0.64-1.49) 0.950
G/G 25 11.79 23 11.68 1.04 (0.54-1.98) 0.970
AG+GGus AA 1.01 (0.68-1.51) 0.954
[G] vs [A] 0.999 (0.71-1.39) 0.995
Trend 212 197 0.99 (0.8-1.22) 0.9118*
miR-146a G/G 124 58.49 115 58.38 1 0.761°
C/G 79 37.26 70 35.53 0.93 (0.61-1.41) 0.740
c/C 9 425 12 6.09 131 (0.52-3.27) 0.556
CG + CC vs GG 1.03 (0.69-1.54) 0.879
[C] os [G] 1.37 (0.56-3.33) 0.494
Trend 212 197 0.97 (0.79-1.19) 0.7558*
miR-196-a2 c/C 87 41.04 82 41.62 1 0.6098"
C/T 103 48.58 89 45.18 0.95 (0.62-1.45) 0.794
T/T 2 10.38 26 13.2 1.32 (0.69-2.54) 0.415
CT+TTwsCC 1.01 (0.68-1.51) 0.951
[T] vs [C] 1.04 (0.75-1.45) 0.811
Trend 212 197 1.08 (0.8-1.46) 0.5987*

P-values are calculated according to Wald's test. *P-values according to LR-test; ‘Age and sex adjusted; CRC: Colorectal cancer; OR: Odds ratio; CI:
Confidence interval.



Cirkulujici mikroRNA jsou pritomny ve dvanacti typech télnich tekutin
~
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Table 1. Concentration of RNA isolated from
different body fluids.* Urothelidlni nadory _
i ot = AwL . mRe
sample (interquartile range) miRMAS
mrcta e moLect o mR2t
Breast milk 47240(73180) 429 .
Bronchial lavage 1128 (886) 260 Weber et al., Clin Chem, 2010
Cerebrospinal fluid 111 (66} N2
Colostrum 585 (NA) 386
Peritoneal fluid T751(345) 397
Plasma 308 (104) 349
Pleural fluid 470 (190) 210
Saliva 1945 (2495) 458
Seminal fluid 17 770(7673) 436
Tears 564 (631) 320
Urine 94 (129 204

* As pstimated by the Agilent 2100 Bioanalyzer using the RMA 60X Pico
Tatal RNA chip, median concentration across all 5 samples except co-
lostrum. The number of detected miRNAs in each body fluid is based on
the number of miRNA species with a level of =80% of the global mean.




Plvod cirkulujicich mikroRNA
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Redova, Slaby, 2012



Stabilita cirkulujicich mikroRNA

- Individual 006 ® Individual 008
35 - s |
5 »] |
ﬁ — e — 0———-—-—'——H——9—¢
E e 20
2 15 : I E 1 -
10 10 |
5 54
0 - . - - - - - - - - . - 0 v - - . .
0s 1 2 4 8 24 s 1 2 Kl ] 2
Incubation time at room Incubation time at room
A Ambient temperature (hours) temperature (hours)
incubation I - . 1
1 =0— miR-156 MiR-16 == miR-24 I
Freeze-thaw
v ©
“ Individual 006 = Individual 008
G » g o
B 3. |
w® o o —— N =
E 2 e E 20 |
] e — -]
= £ 9
10 10 |
5 51
(] _ & , = ~ 4 0+ . - - - - - -
1 2 4 8 1 2 4 ]

Number of freeze-thaw cycles

Number of freeze-thaw cycles

@ MNon Ipmgnunl

¥ Pregnant
18 +  3rd frirmester ‘; ]
vy
- v
g 1af v .
E v
@ 12 i
=
k=]
E
.E“}- .
o [ ]
L] -
aF [ ] 4
e = ] ]
E‘ 1 1 1 1 1
] 10 12 14 16 18

Mean signal of (hsamiR520d45p , hsamiR526a)

hsa miR 527
—; :
G 18 _
8 16' p
— 141 -
e 12}
D
o 10t -
o
S e ]

Not Preg. 1st Trim.  3rd Trim.

Gilad et al., 2008

20



Pricina stability cirkulujicich mikroRNA
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miR-92 expression (normalised)

Sérové mikroRNA jako diagnostické biomarkery u CRC
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Sérové mikroRNA jako diagnostické biomarkery u CRC
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MicroRNAs in serum: dignostic biomarkers of renal cell carcinoma
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hza-miR-150-4373137
hza-miR-441-437 3360
hza-miR- 1934373009
hza-miR-320-4205388
hza-miR- 12674373269
hza-miR-143-5p-4305350
hza-miR-1447-4395259
hza-miR-G267-4306543
hza-miR-151-3p-4305365
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hza-miR-26b7- 4306565

Figure 1. Serum of healthy controls and RCC patients clustered according to diferentially
expressed miRNAs (yellow color indicate serum samples of RCC patients, blue healthy

controls, LIMMA method, p<0.0001).

Redova et al., J Transl Med 2012



MicroRNAs in serum: diagnostic biomarkers of renal cell carcinoma
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Mocové mikroRNA jako diagnostické biomarkery urotelidlniho karcinomu
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MikroRNA jako diagnostické biomarkery NSCLC ve sputu
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MikroRNA jako tkanové biomarkery

microRNA profiles appear superior to mRNA for cancer classification

MiRNA MRNA
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Lu et al. Nature 2005; 439: 834-8 !



MikroRNA jako tkanové biomarkery

Rozdilné expresni profily mikroRNA mezi nadorovou a nenadorovou tkani
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MikroRNA jako tkanové biomarkery spojené se znamymi histologickymi a
molekularnimi podtypy nadorovych onemocnéni

miR-17-82, miR-155
miR-221,miR-222
miR-29 Let-T

miR-21,221
miR-22,29,124,
203,122,125a

Nadory jater

miR-155,miR-21
miR-145miR-125b,
A miR-10b

Nadory prsu

miR-155,miR-21
miR-17-3p,miR-92
miR-31,miR-96
miR-135b,miR-183
miR-143, miR-145

CLL

miR-155,miR-17-92,
miR-15a/16-1,miR-29b
miR-181b,miR-203,miR-10a

miR-196a,
miR-196b,
miR-21

Nadory slinivky J /.‘ !
[ ALL
| L miR-17-92,miR-10a,miR-10b,
f | | | & Let-7,miR-20, miR-155
'. | Leukemie  MIR-124a,miR-204,miR-181
‘ ,fj \ | (cLUALL)
\
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| l |
| ] |
|| {
{ \ /)
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Tab. 4.1. Pfiklady mikroRNA asociovanych se znamymi histologickymi a molekularnimi
podtypy naderovych onemocnéni. Doplnéno podle [1].

Nadorowé onemooméni MikroRNA Literatura
Mamdrni karcinom
ER status miR-26a/b, rodina miR-30, mik-20b, miR-155, [12-14]
miR-342, miR-206, miR-191
PR status let-7c, miR-29b, miR-26a, rodina miR-30, [15,18]
miR-520g
HER2/neu status miR-520d, miR-181c, miR-302c, miR-376b, [12,15]
miR-30a
Karcinom plic
dlaidicobunécny vs. miR-205 [17]
adenokardnom
malobundcny vs. miR-17-5p, miR-22, miR-24, miR-31 [18]
nemalobunétny karcinom
mutace EGFRERAS miR-155, miR-25, miR-495, let-7g [19]
Kolorektdini karcinom
mutace KRAS miR-127-3p, miR-92a, miR-456-3p, miR-378 [24]
Karcinom Zaludku
difuzni vs. intestindlni miR-29b/c, rodina miR-30, miR-135a/b [20]
karcinom
Karcinom endometria
endometroidnl ws. serdzni miR-19a/b, miR-20e-5p, miR-101, miR-452, [21]
papildmi karcinem miR-382, miR-15a, miR-29¢
Rendinf karcinom
svBtlobunétny vs. papilami miR-424, miR-203, miR-31, miR-126 [22]
karcinom
onkocytom vs. chromofobnl | miR-200c, miR-139-5p [22]
karcinom
Malignf melanom
s mutaci BRAF V600E miR-193a, miR-338, miR-565 [23]
Akutni myeloldn! leukemie
1517) miR-382, miR-124, miR-376a, miR-127, [25]
miR-299-5p, miR-323
1(8;21) nebo inw16) let-7b/c, miR-127 [25]
mutace NPM1b miR-10a/b, let-7, miR-20, miR-204, miR-128a, [25]
miR-196a/b
sFLT3 MDD miR-15 [25]
Chronickd lymfatickd leukemie
hladiny ZAP-70 a status IgvH | miR-15a, miR-195, miR-221, miR-155, miR-23b [26.27]




MikroRNA jako tkanové biomarkery

mikroRNA nepodl€haji degradacnim procesim béhem formalinoveé fixace a archivace
v parafinovych blocich jako je tomu u mRNA
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Meta-analyza mikroRNA up-regulovanych v tkani NSCLC

NEW-META-ANALYZY

Table I Consistently reported up-regulated miRNAs (n = 26) in profiling studies (lung

cancer tissue versus normal)

miENA  No. of studies with zame
name* direction (reference)

9 (19,22 2425 26.27,29,30,32)

No. of tssue
samples tested

Subzet of studies with fold changze

No. of
studies

No. of tissue
IAmp

Alean fold Range

change

7 (19,21,25,28,29,30,32)

1.74 - 13.60

6 (22,24,26,27,28.32)

1.85 - 19.00

6(21.2226272932)

1.58 -4.80

5 (26,27,28,29,30)

298 -5430

5 (19,25.26.28.32)

1.30 - 980

por oy oy

miR-203 3 (24,26,30)

M7

0 - - -
miR-196a 3 (22,27.28) 317 3 317 3750  2.10-101.80
miR-708 3 (22,27.29) 301 3 301 3.20 1.85-5.50
mR 92 3 (27,2830 151 3 151 3.7 1.54 - 680
miR-193b 3 (21,262 149 2 81 468 2.56 - 6.80
miR-106a 2 (24,30) 279 0 - - _
miR-21% 2222 271 2 271 223 2.16-230
miR-135b 2(21.22) 222 2 222 229 228 -231
mR96  2(2223) 218 2 218 171.56  2.30- 34081
miR-17-5p 2 (24.27) 136 1 65 3.80 -
miR-20b 2 (24,28) 117 1 46 5.70 -
miR-182 2 (26,28) 114 1 16 7.80 _
miR-200a 2 (24.32) 111 1 40 1.86 -
mR93 22432 111 1 40 1.68 -
miR-130b 2 (26,32) 108 1 40 1.57 _
miR-200c 2 (24.29) 101 1 30 1.66 -
miR-375 2 (28,32) 86 2 86 535 2.89 - 7.80
miR-20a 2 (2024) 83 0 - - -
miR-18b 2 (20.26) 80 0 - - -

* The asterizk is part of the miEMA nomenclature system and is not linked to any footnote specific to

thas table.

Guan et al, JECCR 2012, 31:54



Meta-analyza mikroRNA down-regulovanych v tkani NSCLC

Table 3 Consistently reported down-regulated miRNAs (n = 28) in profiling studies
(lung cancer tissue versus normal)
miRNA name' No. of studies with same Total pumber of Subset of studies with fold changze
direction (reference) tissue samples Ny, of studies Total number Mean fold Range
tested of tissue change

10 (19,21,25,26.27, ] 0.00 - 0.69
28,29,30,31,32)

8 (19.21,25,26,27,28.29 31) 0.04 - 0.61
6 (19.21,25,27.28,29) 0.01-0.53

5 (19,22,26,27.28) 0.13-0.53
5 (21,25,28,29.31) 0.08 - 0.57
4(26.28,30,32) ] 0.09-0.38
4(21.28,30,32) 0.13-0.59

-3 2L ITE » e
miR-126% 3(21,25,30) 280 2 72 033 0.20-0.45
miR-140-3p 3 (26,27.28) 179 2 111 0.29 0.17-0.42
miR-138 3(25,26,3) 164 2 96 054 0.56-0.72
miR-30b 3(25,28.29) 132 3 132 0.41 0.11-0.58
miR-486 3(25,29.32) 126 3 126 044 0.34-0.53
miR-101 3(21,27.30) 87 3 87 034 0.24-0.48
miR-125a 2(2430) 279 0 - - -
miR-198 2(27,30) 273 1 65 0.25 -
miR-144% 2222 271 2 m 031 0.14-048
miR-140 2(30,32) 248 1 40 0.566 -
miR-218 202230 246 2 246 0.61 0.60 - 0.62
miR-32 2(20,30) 220 0 - - -
miR-338-3p 2 (26,27 133 1 65 0.20 -
miR-99a 2(27,28) 111 2 111 031 0.20-0.42
miR-195 226,29 08 1 30 0.53 -
miR-497 2(26,29) 08 1 30 (.56 -
miR-30e 2(25.29) g6 2 86 058 0.54 -0.61
miR-130a 2212 81 2 81 (.46 0.45-045
miR-16 2(28.29) 76 2 76 0.37 0.18 -0.57
miR-13% 202930 70 2 70 0.53 0.49 -0.58

¥ The astenisk 15 part of the muRMNA nomenclatuwre system and 15 not lmked to any footnote specific to
thas table.

Guan et al, JECCR 2012, 31:54
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MikroRNA asociované s riznymi histologickymi podtypy NSCLC

Adeno Squamous
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Landi et al, Clin Cancer Res, 2010



Squamous Cell Carcinoma (median
normalized fluorescence; n = 62)

MikroRNA asociované s riznymi histologickymi podtypy NSCLC

L&
he=a-milR-206 - nsa-mif-21
10¢
+
107 5
+
* +
+ ¥
1 t
+ <
100 £
+ +
10° 1P 10¢

Adenocarcinoma
(median normalized fluorescence; n = 60)

Lebanony et al, JCO, 2009
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MikroRNA asociované s mutacnim stavem KRAS/EGFR u pacientti s NSCLC
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Dacic et al, Modern Pathlogy, 2010



miR-21: new diagnostic biomarker of colorectal cancer

Maryland test cohort (microarray data)

p < 0.0001

p=0016

p=0.03

Normalized miR-21 expression

T

—T

T T T T
Stage| Stage ll Stage Il Stage IV

Fig. 1. Correlation between clinical stage and normalized expres-
sion of miR-21 in patients with CRC.
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Slaby et al, Oncology, 2007 ©

Hong Kong validation (quantitative reverse franscription polymerase

chain reaction data)
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Schetter et al, JAMA, 2008



Surviving [%]

miR-21: prognostic and predictive marker of colorectal cancer

0.44

0.24

0.0

miR-21 levels>median

Time [month]

Faltejskova et al, IJCD, 2012

Montumor expression
Marytand test cohort miR-21 expression
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Analysis of miR-21 inhibition of colon cancer cells DLD1

Cell apoptosis rate (%)
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Faltejskova et al., Int J Colorectal Dis 2011



Analysis of miR-21 inhibition of colon cancer cells DLD1

Scratch wound healing assay — inhibition of DLD1 cells migration
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Figure 10 Relative cell motility
(two-tailed t-test, p=0.016)

Faltejskova et al., Int J Colorectal Dis 2011



DESIGN
Asociace miR-21 s klinickym stadiem a prognozou u pacientti s NSCLC

A All stages
Maryland cohort Norway cohort Japan cohort
z == High miR-21 = == High miR-21 = High miR-21
E 100 -~ Low miR-21 E 100 - Low miR-21 g 1 -~ Low miR-21
Q o =
g £ 80 E
£ 2 60 2
§ ﬁ_ 40 =
? ® 20{ n=37 2
8 8 P-0.009 =
c = 04 T T T | g i T
3 & 0 20 40 60 80 0 20 40 60 80
Months Months
No. at risk Mo. at risk
High 44 26 16 10 6 High 18 10 5 3 1 High 95 74 48 22 6
Low 45 30 23 13 7 Low 19 14 13 9 4 Low 96 85 80 57 16

B c

Maryland and norway Stage | only
combined cohort Japan cohort

Maryland and norway

—_— N combined cohort Japan cohort
E . — — E A #* o
s > == High miR-21 == High miR-21
i, = 10 — Low miR-21 —_ — Low miR-21
S 24 21 g E g 100
a “ . " i : E 80+ E B0
) H =
% 0 % 0 % . 2 6o E 60.
g L g a0 s ¥
- -2 NI - ot E 204 n=78 ﬁ_ 20 n=142
g & . 8 P=0.025 = P=0.001
£ E < 0 T y - y 2 H— . . '
E -a4 -4 3 0 20 40 60 80 = ] 20 40 60 80
Months Months
§P‘ ﬁ\ \\&\ 69‘ qez\ ‘Pﬂ\\ No. at risk No. at risk
& o & f & High 33 24 16 10 1 High 62 55 39 19 5
L & Low 45 a2 29 19 10 Low 80 77 70 49 13

Saito et al, Clinical Cancer Res, 2011



Asociace miR-21 s klinickym stadiem a prognozou u pacientti s NSCLC

Combined Maryland/

Norway cohort

(n = 126; cancer-specific mortality)

Japan cohort (n = 191)

(relapse-free survival)

HR (95% ClI) P HR (95% CI) P
Univariate analysis
miR-21 (high vs. low)® 2.31 (1.42-3.76) 0.001 2.82 (1.57-5.07) <0.0005
Stage (I, lll, vs. 1)° 2.35 (1.46-3.80) <0.0005 3.17 (1.82-5.52) <0.0005
Sex (M vs. F) 1.09 (0.68-1.73) 0.734 1.29 (0.75-2.32) 0.351
Age (=65 vs. <65) 1.42 (0.89-2.28) 0.142 1.58 (0.91-2.77) 0.106
Ever smoke (ever vs. never)® 0.94 (0.48-1.83) 0.847 1.34 (0.78-2.32) 0.287
Pack years (=20 vs. <20) 1.53 (0.85-2.78) 0.155 1.60 (0.92-2.79) 0.098

Multivariate analysis, final model®

miR-21 (high vs. low)®
Stage (II, lll, vs. 1)°

Pack years (=20 vs. <20)

2.95 (1.32-3.82)
2.37 (1.42-3.95)

2.00 (1.07-3.72)

0.028

266 (1.47-4.83)

2.78 (1.57-4.94)

0.001
<0.0005

Saito et al, Clinical Cancer Res, 2011



Meta-analyza prognostické role miR-21 u pacientd s nadorovym onemocnénim

(a) (b)
Study HR (95% CI) Study HR (95%CI)
Avissar 2009 168 (1-04, 2-77) . Gee 2010 1-33 (0-54, 2-11) ~——1w—
Childs 2009 0-67 (0-21, 2-15) - : :
Gao 2010 2-71 (139, 5:27) - Giovannetti 2010 4-40 (1-80, 10-70) .
Gee 2010 123 (068, 2:22) — :
Giovannetti 2010 310 (1-40, 7-10) _:_._ Hu 2010 1-62 (0-81, 3-26) __;-,_
Hu 2010 1:73 (086, 3-47) T :
Fwang 2010_lialy ~ 3-54 (141, 8:85) : Hwang 2010_ltaly  4-01 (1-38, 11-58) : . >
Hwang 2010_korea  1-21 (1-08, 1-36) L i
Li 2009 154 (1-08, 2:19 —-— :

( ) : Hwang 2010_korea 1-22 (1-08, 1-37) -
Markou 2008 2-53 (107, 6:02) —— :
Mathé 2009_SCC 117 (0-53, 2-57) —ta——
Mathé 2008_ADC 060 (0-34, 1-07) —@—F Lawrie 2007 077 (0-61, 0-97)
Rossi 2010 228 (1-05, 4-97) —
Schetter 2008_US  2-50 (1-20, 5-00) —— Lawrie 2008 0-71(0-47,1-07) —®—
Schetter 2008_HK  2-40 (1-40, 3-90) —— i
Yan 2008 548 (1-99, 15:08) : - > Schetter 2003 3-00 (1-70, 5-10) P
Chan 2008 0-48 (0-22, 3-47) . :
Overall 1:69 (1-33, 2-16) < Overall 1-48 (1-03, 2-11) ‘

t i 1 1 i t
. - 05 1 5 10
p<0.001 05 ! 5 10 p=0.03

Fu et al, EurJ Clin Invest 2011



MikroRNA jako prognostické tkarnové biomarkery NEW!

Meta-analyza 43 studii u rlznych typl nddorovych onemocnéni

Table 4. MicroRNAs selected most frequently in classifiers compared with expected frequency®

MNo. of times

No. of times selected in
MiR assessed, ny (%1 classifier, n, (%)* P Cancer type
All miRs in patients with poor outcome
let-7 244 (2. 46) 16 {6.23}) <.001 Gastric, HCC, leukemia, lung,
melanoma, NHL, ovarian
21 34 (0.34) 5 (1.95) 0018 Astrocytoma, colon, lung, ovarian
100 26 (0.26) 4 (1.56} 0043 Gastric, HCC, lung
125 7110072} 6 (2.33) 0084 HCC, gastric, neurcblastoma
MiRs with increased expression in
patients with poor outcome
21 34 (0.34) 5{4.72) <.001 Astrocytoma, colon, lung, ovarian
20 47 (0.47) 4 (3.77) 0046 Colon, leukemia, NHL
155 26 (0.26) 3 (2.83) 0063 Lung, melanoma
193 65 (0.56) 4 (3.77) 0078 Melanoma
MiRs with decreased expression in
patients with poor outcome
let-7 244 (2. 46) 7 (9.68) 0017 Gastric, lung, HCC, ovarian
30 135 (1.386) b (6.8E) .0028 Astrocytoma, HCC, lung
29 94 (0.95) 4 (5.48) 0046 Endometrial, NHL
7039 110.01) 11{1.37) 0073 Owarian

Nair et al, JNCI, 2012



MikroRNA jako prediktivni tkanové biomarkery

Predikce lécebné odpovédi u pacientl s CRC wtKRAS Ié¢enych anti-EGFR terapii (cetuximab)

hsa-miR-135b-002261

hsa-miR-31-002279

hsa-miR-30a-3p-000416

hsa-miR-30e-3p-000422

hsa-miR-221-000524

hsa-miR-708-002341

hsa-miR-942-002187

hsa-miR-213-000516

hsa-miR-636-002088

hsa-miR-9#-002231

hsa-miR-135a-000460

hsa-miR-1303-002792

15..7088.08.
18..1297.08
16..1494.09.

T miR-135b, miR-31, miR-135a
i miR-30a-3p, miR-30e-3p

Slaby et al, unp.data, 2012
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MikroRNA jako terapeutické cile

miRMNA sponges
Locally
EFP I I I I I I ' miR or anti-miR
- N conjugation
gen pro miENA to nanoparticles, G
viruses
ll— A) nizkomalekularni inhibitory !
'; °o°;;é¢, = @
° o0 »%
\\/ Pre-miRNA ©
Intranasal
. ’ Viruses 4
f A8y miRMA vektory Jadra (as for ex. Ad-let-7) =~
Systemic
Cyloplazma miR or anti-miR
II]]]]I Y conjugation to
T nanoparticles, viruses,
duplex mikMNA modified oligos,
LNAs, antagomiRs
E) substituce miRMA i B) antagoniste miEMA (ant-miEkA)
(MIRMA mimics) lorio et al., EMBO Mol Med, 2012
TEETEEY  TEEONEW
maturevanad miBENA B Reannn
NITNRNES
@1—.—" l cilova sakvencs
RISCmiRMA
RISC
v
O wyehytavani miEMA
(mIRNA sponges)
@'IT'T 0 a C) miRNA maskovani
' ;Elill .fi.!"d
@ a—.m ': &111’ cilova mRha JUTR =
YrEET konsirukl miR-mask

BT P P

cilava mREMNA JUTR

T P

cilova mBEMA IUTR

Slaby et al., 2012



MikroRNA jako terapeutickeé cile

é Baze é Baze é Baze
0 l :O: I | :O: I
O @) 0 0 OH
| | |
O=P—0O O=P—0O O=pP—0O
$ $ $
LNA DNA RNA

p = fosfat

AGCU =2'0OMe RNA
AGCU =RNA
agct = DNA
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In vitro functional analysis of highly deregulated microRNAs in colorectal cancer

Table 3 Summarized results of in vifro analyses (observed effects of particular pre- and anti-miR oligonucleotides)

pre-miR-378 pre-miR-422a pre-miR-375 pre-miR-215 anti-miR-135b
HCT-116 cells
Apoptosis - - - Increased apoptosis P= 0.005 -
Cell cycle G1/5 increased P = 0.005 G1/S increased P= 0.01 G1/S increased P = 0.01 G1/S increased P=0.01 =
MTT Trend (P> 0.05) - Decreased viability P = 0.005 Decreased Decreased viability P = 0.05
viability P = 0.05
Swa* - Trend (P = 0.05) - Trend (P = 0.05) -
DLD-1 cells
Apoplosis - - - - -
Cell cycle B - - B -
MTT Trend (P> 0.08) - Trend (P> 0.05) Decreased viability P = 0.05 Decreased viability P = 0.005
SWA - Trend (P = 0.08) - Decreased viability P = 0.05 -

SWA, scratch wound assay.

50

negative control pre-miR-215

40

g
100 g ¥
3 2
80 B
o
z % 10
z 60 ©
z 0
] HCT-116
> 40
b Mpre-mock 10nM M pre-215 10 nM
20
120
0 Lo0
DLD-1 HCT-116 -Eb 0.80
BMpre-mock 10nM M pre-215 10 nM % s
§ [«F 1]
T om
000
Faltejskova et al.,J Cell Mol Med 2012 moe perae

Bpre-mock 10nd B pre-215 10 nM



MikroRNA jako terapeutickeé cile

Seznam mikroRNA které jsou testovany jako potencialni terapeutické cile

Optimalizace  Pre-
Validace  vid¢i klinické

MikroRNA Indikace Spole¢nost cile struktury testovani Fazel Faze2
Inhibi¢ni strategie
miR-122%* hepatitida typu C Santaris Pharma X X X X X
miR-21 multiformni glioblastom Regulus

Therapeutics X X X
miR-21 hepatocelularni karcinom Regulus

Therapeutics X X X
miR-21 rendlni fibroza Regulus

Therapeutics X X X
miR-33a/b aterosklerdza Regulus

Therapeutics X X X
miR-208/miR- chronické srdeéni selhani miRagen
499 Therapeutics X X X
miR-15/miR-195 remodelace po infarktu miRagen

myokardu Therapeutics X X X

miR-451 polycythemia vera miRagen

Therapeutics X X X
Substitu¢ni strategie
miR-34 hepatocelularni karcinom miRNA

faze 1 — prvni étvrtleti 2013 therapeutics X X X

miR-34 nemalobunéény karcinom plic miRNA

therapeutics X X X
miR-34 karcinom prostaty miRNA

therapeutics X X X
let-7 nemalobunéény karcinom plic  miRNA

therapeutics X X X
miR-29 srdecni fibroza mirage Therapeutics X X

NEW!



MicroRNAs as therapeutic targets

Miravirsen (SPC3649) miR-122

Miravirsen, anti-miR-122

ILé¢ivou latkou je novy LNA-antimiR™ oligonukleotid s pfifazenym mezindrodnim
nechranénym nazvem (INN) miravirsen sodium. Lééiva latka je vyrabéna jako sodna
stl. Miravirsen sodium je hygroskopicky, bily aZ lehce naZloutly prafek rozpustny ve
vodé&. Sumérni vzorec a molekulova hmotnost jsou uvedeny niZe.

Sumaérni vzorec (protonovand forma): CissHisiNagNa14OgaP14S14
(Ci56H195Na9Os3P14814)

Molekulova hmotnost (protonovand forma): 5,274 8 g/mol (4,967 g/mol)
Nazev molekuly: SPC3649

INN: miravirsen sodium

Miravirsen je 15nukleotidovy (15-mer) fosforothioatovy oligonukleotid, tvofeny -D-
oxy-LNA a DNA monomery. Molekula miravirsenu obsahuje osm nukleotidl s LNA
modifikaci a sedm DNA nukleotidii uspotddanych v nasledujici sekvenci:

"y

(SPC3649)
A New Treatment Targeting Hepatitis C 5.mCcAttGTeamCamC tmC mC -3°

Velka pismena oznaéuji nukleotidy s LNA modifikaci (mC znaci LNA-5-metyl-
cytidin) a malymi pismeny jsou oznaceny nukleotidy DNA. LNA modifikace
vyznamné zvysuje vazebnou afinitu molekuly k cilové miR-122 a také jeji biologicky
poloéas. Viechny vazby mezi nukleotidy u miravirsenu, celkem 14, maji charakter
fosforotiodtu, coZ zlepSuje farmakokinetické vlastnosti oligonukleotidu.

Delivering on the promise of RNA medicines today

S
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