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Svét nekddujicich 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 nekédujicich 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.



Table 1: Types of recently discoverad human non-coding RNAs.
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Definice mikroRNA

MikroRNA je definovana jako kratka, 21-23 nukleotidu dlouh3d
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.

Kritéria:
1)
metody umoziujici detekci RNA,
2)
struktury,
3)
specifickych miRNA),
4)

kratka RNA musi byt jednoznacné detekovatelna pomoci Northern blotu, RT-PCR nebo jiné standardni

kratka RNA se musi vyskytovat v kmenové ¢asti vldsenkové, asi 70 nukleotid( dlouhé prekurzorové

sekvence kratké RNA a jejiho prekurzoru musi byt fylogeneticky konzervovana (s vyjimkou druhové

inhibice klicovych ribonukleaz v biogenezi miRNA musi vést k poklesu hladin kratké RNA a k akumulaci

jeji prekurzorové struktury.

hsa-miR-30a-5p

uuga a a pe R 8 - a
cagug gcg cUUGUAAACAUCC GACUGGAAGCcu gug a

gucau cgu CACGUUUGUAGE CUGACUUUCqg cac g
cucce c C - 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

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

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

e 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 Cc
miRNA family members can be very similar eg let-7 fam -1 20 5
28 Ky é
mmu-let-7a: UGAGGUAGUAGGUUGUAUAGUU 28 PemAna § -
1 e et . T e e miRNA -4
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Dicer
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_._I_A_L..Ll ) Oncogene l
—_ = -7 - I A I TA (T TAATITI2TI A=ITTT 11
mmu ll:'-t / f . UGAGGUAGUAGAUUGUAUAGUU One strand incorporated into RIzC { ““144,“
mmu-let-7g: JAGUAGUUUGUACAGUU f \ Tumor suppressor gene s :
=

i R'wm i \15@”
P ek Tt e TIEACETTR (TR T T TTETTTT 9 .
mmu-let-7i: UGAGGUAGUAGUUUGUGCUGUU Target . Uiz, SW gy
mRNA -

mRNA Translation . .
cleavage inhibition +Tumor suppressor gene expression #Oncogene expression

*Sanger miRBase release 17.0, 2011



Struktura a distribuce genli pro mikroRNA v lidském genomu

Geny pro miRNA jsou rozmistény na
vsech lidskych chromozomech
s vyjimkou chromozomu Y.

Priblizné 50 % miRNA se nachazi v

podobé klastrd (u ¢lovéka 55 klastra),
které jsou prepisovany jako
polycistronni primarni transkripty.

Dle vztahu ke zndmym a definovanym
transkripénim jednotkam délime na

Mezigenové miRNA (priblizné 50 %)
Intronové miRNA (pfiblizné 40 %)
miRtrony

Exonové miRNA

Mezigenové
Mezigenové, klastrované

o H H -

Intronové

N on 1 B 8 on2 |

Mirtron
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Obr. 1.3. Genomova lokalizace gent pro mikroRNA.




Biogeneze a funkce mikroRNA
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microRNA: licensed to kill messenger

5. Aktivni vlakno je inkorporovéano do Biogeneze a funkce mikroRNA
komplexu RISC

6. Represe translace nebo degradace mRNA v
zavislosti na mire komplementarity

MiRNA: v M siRNA
MiRNA* r{ Y T duplex

duplex l Unwind l

%‘%

/ \

Asymmetric RISC Some
assembly MiRNA

/ RISC \ 1R|SC
Ribosome \/_\
nmmmmﬂ- Target
v MRBNA
RISC RISC RISC
Translational repression mRNA cleavage /

ORF



Kanonicky model biogeneze a funkce mikroRNA
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Biologicky polocas a rozpad mikroRNA

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

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

_—> 111t FrrrR)

Argonaute

-,

Protection by
¢ Argonaute

Argonaute

@Hl LLLLI Ll Ll.l.l»
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
miRNA, ktera ma schopnost dany transkript post-transkripcné

regulovat. VSechny transkripty, které maji vazebna

mista pro jednu miRNA, a tak moZnost soutéZit ﬁs. ceRNAs — PTEN gene and\
jeji vazbu a vzajemné ko-regulovat svou expresi, PTENP1 pseudogene
potom vytvareji komplexni sit (ceRNA network). RNA transcript A
Responsive element Y
A microRNA'Y
Conventional RNA logic ceRNA logic
L TG B e el
N . ahae P e T RNA transcript B
" ']' l X Responsive element Y
— ”"‘w@ ® ™ "’“w@ PTENP1 l PTENP1 3’UTRT
B D AAA V l
eocee ME : RIB RCERCE . .
The letters of the code Competing RNASI PTEN::miRNA | PTEN:miRNA
\ : derepression
‘/ o “‘IMhF;Ew%trrt;gg - n ~~ \ﬁ.—a 3 A AAR v pi
c
Conventional UTR function fﬁi?tﬁj:n PTEN l PTEN T
cis m l l
R o~ ASwAAA -‘"f-\,‘ o~ AAA
- Increased Decreased
proliferation proliferation

Salmena, Pandolfi, Cell, 2011
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 kddujici miRNA muze vést ke vzniku mnoha rozdilnych izomiRs.

» Zastoupeni jednotlivych izomiRs je tkanove specifické a mlze se ménit v rémci odpovédi
na rdzné biologické signaly.

* Vznik 5" a 3’ izomiRs je podminén stépenim Droshou a Dicerem nebo ucéinkem transferaz.

* Polymorfni izomiRs mohou vznikat v disledku SNP (vzacné) nebo editaci mikroRNA (A-I).

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

AGCUACAGCUGGCUACUGGGU Polymorphic
AGCGACAUCUGGCUACUGGGU isomiRs
GCUACAUCUGGCUACUGGGU

5’ isomiRs AAGCUACAUCUGGCUACUGGGU
AGCUACAUCUGGCUACUGGGU

AGCUACAUCUGGCUACUGGG
AGCUACAUCUGGCUACUGGGUU L_3’isomiRs
AGCUACAUCUGGCUACUGGGU }
Canonical miRNA — AGCUACAUCUGGCUACUGGGU

AGCUACAUCUGGCUACUGGGU Pre-miR
( [ sequence

Mature miRNA sequence
derived from miRBase (v18)

TRENDS in Genetics Neilsen, Trends in Genetics, 2012




MikroRNA jako onkogeny nebo nadorové supresory
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MikroRNA jako onkogeny nebo TS v zavislosti na kontextu

Normal cell

~ b
Tumour cell i
= & Tumour-suppressive

Cell Oncogenes
adhesion inhibited by
miR-29a

Tumour-suppressive

— -

Kasinsky, Slack, Nature Reviews Cancer, 2012



MiR-205 ma vlastnosti nadorového supresoru u adenokarcinomu
a onkogenu u spinocelularni karcinomu jicnu
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MikroRNA v patogenezi nadorovych onemocnéni

MikroRNA jsou zapojeny do regulace vsech sesti klasickych a ¢ty novych znakd maligniho

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

Znaky maligni transformace

MikroRNA

sobéstacnost v produkci ristovych
signalt

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 signaliim 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 replikacni 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!

MikroRNA jsou zapojeny do regulace klicovych signalnich drah regulujicich

kmenové vlastnosti nadorovych bunék.
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MikroRNA v patogenezi nadorovych onemocnéni NEW!

MikroRNA se podileji na regulaci klicovych procesut autofagie, jako jsou signalizace mTOR,
skladani komplexu ULK1, interaktom proteinu Beclin-1 nebo ATG4 signalizace.

~

— 4

A. Indukce
@ Aktivator autofagie
@ Inhibitor autofagie
© LC3
@ Autofagozom

) Lyzozom

@ Autolyzozom

@ Kysela hydrolaza

E. Degradecvt\
recyklace .

D. Nasedani
fuze

Slaby et al., Galen, 2012



MikroRNA jako biomarkery
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SNP a mikroRNA, rizikové faktory
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Breast cancer - specific survival

o
©

4
®

o ¢
@

cumulative survival >
(=
3

o
on

04 p=0.008 [—=6G —-camA]
) 2 4 6 8 10 12
survival time (years)
C Lymph node metastasis positive
1 5
® o [—GcG —-cam]
2 09 S
e e
F 08 v | —
\.
So7 5
= ‘o -
2 06 :
Eos ;
] p=0.0009 e
04
0 2 4 6 8 10 12

survival time (years)

G/A ITGB4 (miR-34a) Brendle et al, Carcinogenesis 2009



SNP a mikroRNA
SNP ve vazebnych mistech pro miRNA regulované chemoprotektanty
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Table 2 In silico identified SNPs in ITC-related miRNA binding sites and flanking regions.

Assoclation_ . 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 A/T 0.33 miR-27b
9 SNPs 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 IlI 96 C/T 0.36 miR-23b
rs10404 ADAM19  ADAM metallopeptidase domain 19 17 T/C 0.23 miR-23b
von Willebrand factor A domain
rs1939861 VWASA containing 5A 6 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

3|Ilii|.iJJJaJJ.

miR-106a*

NEW!

Table 1 MiRNAs affected by isothiocyanates treatment.

1ati ch q
miRNA ITCs  Tumor tissue  with cancer | targets References
miR-27b up down/up NBL, glioma 9g22.32 PPARG, 25,40, 41
MEF2C,
MMP13
miR-23b up down/up CRC, HCC,RCC  9q22.32 SMAD3, FZD7, 21-24,42
MAP3K1
—
miR-155 down up CRC, BC, 21q21.3 SHIP1, 26-30
NSCLC, PC, EC, FOXO3A,
see Tili et al. 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-phosph 1, FOXO3 forkhead box 03, SOCS1
suppressor of cytokine si¢ 1, CKAPS cytoskele iated protein 5, STAB1 stabilin 1, SMAD5 SMAD family
member 5, BMPs bone morphogenetic proteins

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

Controls® Cases® -/+versus +/+ P-value -/-versus +/+ P-value  P-value

Gene SNP +H+ <[+ [- [+ [+ [ OR®  95%CI OR® 95% CI 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 1.15 (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
HSPA9 rs12009 63 108 32 60 100 38 0.94 (0.60, 1.48) 0.831 119 (0.66, 2.17) 0.603 0.659
RAB U008 36 1 158 37 2 113 (0.68,1.90) 0.73 2.76 (0.24, 32.06) 0.395 0.458
DICER1 rs1057035 91 32 96 82 20 0.75 (0.49,1.15) 0.217 0.49 (0.25, 0.95) 0.036 0.183

74 15 107 72 19 113 (0.74,1.73) 0.54 145 (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 (0.63,1.44) 0.839 0.92 (0.28, 2.98) 0.789 0.798

°Numbers may not add up to 100% of subjects due to genotyping failure. All samples that did not give a reliable result in the first round of genotyping were

r

d to up to two

| 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 ARTICLE

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,
Marek Svoboda, Lenka Radova, Iqor Kiss, Rostislav

Table 1 Logistic regression analysis of genotype frequencies of single nuc 8 polymorphisms rsi 18

rs2910164 in colorectal cancer cases and controls in the Czech population

Control CRC
n % n % OR' 95% ClI P value
A/A 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+GGuos 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 +CCuous GG 1.03 (0.69-1.54) 0.879
[C] s [G] 137 (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 22 10.38 26 13.2 1.32 (0.69-2.54) 0.415
CT+TT vs CC 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:

Confidence interval.

Colorectal cancer; OR: Odds ratio; CI:



Cirkulujici mikroRNA jsou pritomny ve dvanacti typech télnich tekutin
-
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Cerebrospinal Fluid

Pleural Fluid
Tears
Seminal Fluid
Amnjotic Fluid
Saliva

— Breast Milk

Table 1. Concentration of RNA isolated from
different body fluids.*

Median total RNA Number of
concentration, pug/L detectable

Sample (interquartile range) miRNAs

Amniotic fluid 570 (354) 359
Breast milk 47240 (73 180) 429
Bronchial lavage 1128 (886) 260
Cerebrospinal fluid 111 (66) 212
Colostrum 585 (NA) 386
Peritoneal fluid 775 (345) 397
Plasma 308 (104) 349
Pleural fluid 470 (190) 210
Saliva 1945 (2495) 458
Seminal fluid 17770 (7673) 436
Tears 564 (631) 320
Urine 94(129) 204

7 As estimated by the Agilent 2100 Bioanalyzer using the RNA 6000 Pico

Total 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.

Bronchial Lavage

22.0

Mozkomisni __
n mok

Peritoneal Fluid

Colostrum

@sSliny ——

Weber et al., Clin Chem, 2010

Glioblastom a
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M Glioblastom
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Plvod cirkulujicich mikroRNA
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Stabilita cirkulujicich mikroRNA
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Pricina stability cirkulujicich mikroRNA

A Naked miRNAs B. MiRNAs in microvesicles
— _& ¥ 87
— \ mcropancie
mIRNA
C. MiRNAs as a part of RISC D. Modifications of MiRNAs (methylation, adenylation, uridylation)
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Milcochova et al., Urologic Oncology 2013




miR-92 expression (normalised)

Sérové mikroRNA jako diagnostické biomarkery u CRC
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Sérové mikroRNA jako diagnostické biomarkery u CRC

INUILHIancuvaii

miR-17-3p
001F (P=0,65)
0,001} g
i
0,0001 | . .
Zdravi CRC

-dCt
)

0,1

0,01

0,001

0,0001

miR-29a miR-92a
3 (P=0,27) (P =0,90)
i 100
3 g ° 10;_
_g_ E S
3 : I i
3 i —
- u 01k l | | g |
i ; ; — _B
C 1 1 0,01 - 1 1
Zdravi CRC Zdravi CRC

* miR-17-3p, miR-29a, miR-92a, miR-135b
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Faltejskova et al, Cancer Biomarkers, 2012



Vliv hemolyzy na hladiny vybranych sérovych mikroRNA
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Vliv normalizace dat na hladiny sérovych mikroRNA
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9 gend/miRNA nejcastéji pouzivanych k normalizaci exprese miRNA v télnich tekutinach:
let-7a, miR-16, miR-93, miR-103, miR-106a, miR-191, miR-192, miR-223 and RNU43
|dentifikace nejvice vhodnych referenénich gend uzitim NormFinderu a GeneNormu



Vliv normalizace dat na hladiny sérovych mikroRNA

Uziti rozdilnych pristupl k normalizaci exprese cirkulujicich
mikroRNA muze vést ke zcela rozdilnych vysledkim!
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Petra Faltejskova



MiR-21 jako biomarker u kolorektalniho karcinomu
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Cirkukujici sérové mikroRNA v diagnostice renalniho karcinomu

Vzorky pacient( Vzorky kontrol
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hsa-miR-142-5p-4395359

hsa-miR-144"-4395259

hsa-miR-625™-4395543

hsa-miR-151-3p-4395365

hsa-miR-203-4373095

hsa-miR-760-4395439

hsa-miR-378-4395354

hsa-miR-365-4373194

hsa-miR-339-3p-4395295

hsa-miR-425™-4395413

hsa-miR-381-4373020

hsa-let-73-4373169

hsa-let-71-4373164

hsa-miR-367-4373034 v , . N
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e T Skala hladin mikroRNA
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hsa-miR-655-4381015
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hsa-miR-19b-1%-4395536

hsa-miR-571-4381016
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hsa-miR-629-4395547
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Robert lliev

Vzorky krevniho séra rozdélené do skupin na zakladeé rozdilné exprese miRNA (Zluta barva
znamena vzorky pacientl s rendlnim karcinomem, modra pak vzorky kontrolnich jedincq,

vyhodnoceno metodou LIMMA, p<0001)
Redova et al., J Transl Med 2012



Cirkukujici sérové mikroRNA v diagnostice renalniho karcinomu
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Mocové mikroRNA jako diagnostické biomarkery urotelialniho karcinomu
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Mocové mikroRNA jako diagnostické biomarkery

urotelialniho karcinomu
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MikroRNA jako diagnostické biomarkery NSCLC ve sputu
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MikroRNA jako tkanové biomarkery

Rozdilné expresni profily mikroRNA mezi nadorovou a nenadorovou tkani
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MikroRNA jako tkanové biomarkery

microRNA profiles appear superior to mRNA for cancer classification
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Lu et al. Nature 2005; 439: 834-8



MikroRNA jako tkanové biomarkery spojené se znamymi histologickymi a
molekularnimi podtypy nadorovych onemocnéni

Tab. 4.1. Priklady mikroRNA asociovanych se znamymi histologickymi a molekularnimi
podtypy nadorovych onemocnéni. Doplnéno podle [1].

Nadorové onemocnéni I MikroRNA Literatura
Mamdrnf karcinom
ER status miR-26a/b, rodina miR-30, miR-20b, miR-155, [12-14]
miR-342, miR-206, miR-191
PR status let-7c, miR-20b, miR-26a, rodina miR-30, [15,16]
miR-520g
miR-17-92,miR-155 HER2/neu status miR-520d, miR-181¢, miR-302¢c, miR-376b, [12,15]
miR-221,miR-222 miR-30e
miR-zs et miR-155,miR-21
— = miR-145,miR-125b, Kardnom plic
Nédory plic p miR-10b dlazdicobun&¢ny vs. miR-205 nn
) o adenokarcinom
Nadory prsu
malobuna¢ny vs. miR-17-5p, miR-22, miR-24, miR-31 8]
nemalobunény karcinom
A AT iR 02 mutace EGFR/KRAS miR-155, miR-25, miR495, let-7g 9]
203,122,125 miR-31,miR-96
? miR-135b,miR-183 Kolorektdin/ karcinom
Nadory Jater S MRA4IMR-145 mutace KRAS miR-127-3p, miR-02a, miR-486-3p, miR-378 | [24]
Nadory tlustého
stieva Karcinom Zaludku
difuzn(vs. intestinain( miR-29b/c, rodina miR-30, miR-135a/b [20]
miR-196a, karcinom
miR-196b,
miR-21 CLL , Karcinom endometria
miR-155,miR-17-92,
miR-15a/16-1,miR-29b endometroidnl vs. seréznl miR-19a/b, miR-30e-5p, miR-101, miR-452, [21]
Nadory slinivky miR-181b,miR-203,miR-10a papildmi karcinom miR-382, miR-15a, miR-29c
ALL
miR-17-92,miR-10a,miR-10b, Rendinf karcinom
Let-7,miR-29,miR-155
Leukdmie miR-124a,miR-204,miR-181 svétiobunécny vs. papilami miR-424, miR-203, miR-31, miR-126 [22]
\ (CLUALL) karcinom
onkocytom vs. chromofobni | miR-200c, miR-139-5p [22]
karcinom
Maligni{ melanom
s mutacl BRAF V600 | miR-193a, miR-338, miR-565 [ 231
Akutni myeloldn{ leukemie
t15;17) miR-382, miR-134, miR-376a, miR-127, [25]
miR-299-5p, miR-323
t(8;21) nebo inv(16) let-7b/c, miR-127 [25]
mutace NPM1b miR-10a/b, let-7, miR-29, miR-204, miR-128a, [25]
miR-196a/b
SFIT3ITD miR-15 [25]
Chronickd lymfatickd leukemie
hladiny ZAP-70 a status IgVH [ miR-15a, miR-195, miR-221, miR-155, miR-23b I [2627]




MikroRNA jako tkanové biomarkery

mikroRNA nepodléhaji degradacnim procesum béhem formalinové fixace a archivace
v parafinovych blocich jako je tomu u mRNA

= ARCHIVY FFPE MATERIALU NA PATOLOGIICH JE TAK MOZNE VYUZIVAT
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MikroRNA jako prognostické tkanové biomarkery

Meta-analyza 43 studii u rdznych typl nddorovych onemocnéni

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

No. of times

No. of times selected in
MiR assessed, n, (%)t classifier, ny (%)% P8 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 71 (0.72) 6 (2.33) .0084 HCC, gastric, neuroblastoma
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
165 26 (0.26) 3(2.83) .0063 Lung, melanoma
193 55 (0.56) 4 (3.77) .0078 Melanoma
MiRs with decreased expression in
patients with poor outcome
let-7 244 (2.46) 7 (9.59) .0017 Gastric, lung, HCC, ovarian
30 135 (1.36) 5 (6.85) .0028 Astrocytoma, HCC, lung
29 94 (0.95) 4 (5.48) .0046 Endometrial, NHL
7039 1(0.01) 1(1.37) .0073 Ovarian

Nair et al, JNCI, 2012



MikroRNA rozdilné vyjadrené v nadorové tkani glioblastomu

n =58 %
Age [
Median (ranges) 56 (24 -71) '
A T
>50 40 69
Gender miR-328
Male 34 59 1355
Female 24 41 g
Resection i 666.3p
Total 9 15 miR-886-5p
Subtotal 41 71 miR-155
Parcial 8 14 iR 160
Performance status oo
0 4 7 miR-1291
; 4 83 i
2 6 10 i
Adjuvant TMZ miR-220
Yes 31 53 e
No 27 47 Q:Ejgg_pwni

miR-129#
miR-1296
miR-504
miR-133b
miR-500_prv ni

p<0.00001

‘Andrej B§e Sana J, Carcinogenesis, 2014



Prognosticka sada 6-miRNA u pacientu s glioblastomem

Qo
~ p<1.01e-06
o Q4 — > threshold
- p<0.0309 © = < threshold
© | — MGMT 0
S — MGMTH © 4
© 0 O
n o LL
- S
S 7l o
S N
o
o |
© T T T T T
0O 5 10 15 20 25 S
time (months) < ! ! ! ! !
0 5 10 15 20 25
time (months)
Univariate Cox Regression Multivariate Cox Regression
Factors Long-
HR 95% ClI P value HR 95% CI P value rank tast P
Progression free survival
Age 1.02 0.99-1.05 0.222
Risk score 272 167 -4.42 <0.001 1.97 1.33-294 <0.001
Extent resection 1.52 0.74-3.13 0.260 <0.00001
™Z 0.48 0.28-0.82 0.007 0.56 0.32-0.97 0.04 '
KPS 1.69 0.70-4.04 0.242 2.16 0.88 - 5.30 0.09
MGMT 0.54 0.23-0.96 0.035

nepublikovand data, 2014



Prognosticka sada 6-miRNA u pacientl s glioblastomem
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<0.00001
TMZ 0.64 0.37-1.08 0.096
PS 1.79 0.76-4.22 0.186 2.3 0,96 - 5,56 0.0614
MGMT 0.51 0.29-0.91 0.022

nepublikovand data, 2014



MikroRNA jako terapeutické cile 7
Locally ~ / B

miR or anti-miR .~
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viruses (+)

(+)

Normal state

(+] Y,
\\ (5 N /\\’*\\
SRS ! Phenotype odoo »x\ 8
Nadorové supresorova Molscular § o " coverny? ) \ fo
. Defects ranasal -
mikroRNA | uses , /
Substituéni terapie bty
u P ’ Systemic
i = iR or anti-miR
Bhymriotos P Conjugationto
logenesis nanoparticles, viruses,
pathway modified oligos,

LNAs, antagomiRs

lorio et al., EMBO Mol Med, 2012
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Wurdinger et al., Pharmacogenomics J, 2008



In vitro analyza funkce mikroRNA u kolorektalniho karcinomu
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normalizovana exprese 2! (log)

MiR-215 je asociovana s klinickym stadiem a prezivanim pacienti s CRC
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number of cells [in thousands]
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In vitro analyza funkce mikroRNA u kolorektalniho karcinomu

HCT-116*/+
w 200 7
©
f=
a
g 150
=
-
£ 100
L
E]
o
2
g O .
3 120
time [hours]
=—pre-negative control 10 nM == pre-miR-215 10 nM
i
" HCT-1167- 2 500
(7]
>
T P=0.0122 S 400
=)
£ 300
]
T 200
-
© 100
]
o
[ 0o “ )
T T T T T 1 g 120
0 24 48 72 96 120 time [hours]

time [hours]
== pre-negative control 10 nM ==k==pre-miR-215 10 nM
=#—pre-negative control 10 nM ==k==pre-miR-215 10 nM

unpublished data 2014



In vitro analyza funkce mikroRNA u kolorektalniho karcinomu:

Cell apoptosis rate [%]

Mnoistvi apoptotickych bunék (%)

50 T

40 -

30 1

20 -

10 -

2.5 1

1.5 -

0.5 -

vliv na apoptozu a bunécny cyklus

P <0.001

HCT-116

H pre-negative control 10 nM B pre-215 10 nM

P<0.05
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H control oligonucleotide (10nM)
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unpublished data 2014




In vitro analyza funkce mikroRNA u kolorektalniho karcinomu:
vliv na migraépj potencil nadorovych bunék

pre-mock 10 nM pre-miR-215 10 nM

J 50%




Jaké jsou cile miR-215???
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unpublished data 2014



normalizovana exprese
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normalizovana exprese
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Vliv navyseni hladin miR-215 na nadorovy rtist in vivo

Jana
Merhautova

modre mysi - klon 33
25000-

20000+
15000+

HCT-116** (clone 33)

10000+

objem tumoru [mmA3]

5000+

unpublished data 2014



MikroRNA jako terapeutické cile

Seznam mikroRNA které jsou testovany jako potencialni terapeutické cile

Optimalizace  Pre-

Validace  vid¢i Kklinické
MikroRNA Indikace Spole¢nost cile struktury testovani Fazel Faze2
Inhibicni strategie |
| miR-122* hepatitida typu C Santaris Pharma X X X X X I
miR-21 multiformni glioblastom -Regulus
Therapeutics X X X
miR-21 hepatocelularni karcinom Regulus
Therapeutics X X X
miR-21 renalni fibroza Regulus
Therapeutics X X X
miR-33a/b ateroskler6za Regulus
Therapeutics X X X
miR-208/miR- chronické srde¢ni 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
Substitucni strategie
miR- epatocelularni karcinom mi
faze 1 — prvni Ctvrtleti 2013 therapeutics e 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




MikroRNA ja ko terapeutické cile

Miravirsen (SPC3649) miR-122

Miravirsen, anti-miR-122

ILé&ivou latkou je novy LNA-antimiR™ oligonukleotid s ptifazenym mezinrodnim
nechrénénym nazvem (INN) miravirsen sodium. Léc€iva latka je vyrabéna jako sodné
stl. Miravirsen sodium je hygroskopicky, bily aZ lehce naZloutly prasek rozpustny ve
vodé€. Sumarni vzorec a molekulova hmotnost jsou uvedeny niZe.

Sumarni vzorec (protonovand forma): CissHis1NagNa14Og3P14S14
(C156H19sN49Os3P14S14)

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

INN: miravirsen sodium

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

(SPC3649)
A New Treatment Targeting Hepatitis C 5-mCcAttGTecamC am C t mC mC -3°

Velka pismena oznacuji nukleotidy s LNA modifikaci (mC zna¢i LNA-5-metyl-
cytidin) a malymi pismeny jsou oznaceny nukleotidy DNA. LNA modifikace
vyznamné zvySuje vazebnou afinitu molekuly k cilové miR-122 a takeé jeji biologicky
polocas. Viechny vazby mezi nukleotidy u miravirsenu, celkem 14, maji charakter
fosforotiodtu, cozZ zlepSuje farmakokinetické vlastnosti oligonukleotidu.

Delivering on the promise of RNA medicines today

S =



MikroRNA jako terapeutické cile: from bench to bedside
MRX34 — hepatocelularni karcinom a jaterni metastazy

mirna

THERAPEUTICS
- 15t miRNA Replacement
MRX34 (mir-34 mimic) Therapy in the Clinic!
miR-Rx07* For clinical study information,
please see listing on
miR-Rx06* ClinicalTrials.gov
' miR-Rxlet-7 (iet-7 mimic)
" miR-Rx02* g
TREATMENT

MIiR-Rx16 (mir-16 mimic)

miR-Rx01*
. § 759
_miR-Rx03* £
» S0
_____ R - MRX34
-L 254 =4~ SORAFENB
=t NEGATIVE CONTROL
s R e ; -'e PBS
RESEARCH & DEVELOPMENT 0 2 4 6 8 10 12 4 1%
Study Weeks

* miRNA mimics undisclosed
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