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MikroRNA predstavu)i extrémné rychle rostouct oblast mole-

kuldmi blologle a poznatky o nich se |t staly Jednim ze ziklad-

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.
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ONKOLOGII

do patogeneze hlavnich skupin solkdnich a hemanlug
malignit, s uztim zamétenim na wyuitl mi hultlﬂjaknh o
kerll v diagnostické a predikthmi onkologll a pro terape
udely. Monografil pHipravil autorsky kolektiv odbnrntﬁ,
ma)i praktické zkutenost! s vizkumem mikroRMNA a swé pozn)
publikuji v mezindrodnich odborngch tasopisech.
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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.

Symio

Characieriatic

mrmmMm

JOURNAL OF
TRANSLATIONAL MEDICINE

Novel classes of non-coding RNAs and cancer

Jiri Sana', Petra Faltejskova'?, Marek Svoboda' and Ondrej Slaby**"

Nové tridy nekédujicich RNA

Tma

wiinterasoting FHAc

il nucksolar RHAG

mriFAS

PIRMAS

1825 nt; account 2% of the human
perome; control e S of profein-

Drosha and Dicer dependent
small ncRMAS

1523 ni; made by Dicer proosssing

Quide sequence Speciic degradafion of
et mRNA;

2530 nf bind Pl profeins Dicer

Initistion of varous dsorders inciuding
many, ¥ not al, cancers / reguiation of
profferation, dfferentiaSion, and apop-
bosts; mvoivesd i human developrment

great potental in dsesses neatment
postiransriptional pene sllencing msinty

exist In dusters;
principally restricied fo the germilne and
somafic oelis bomiering the: germiline

B0-300 nt; enriched In the nuciecius; In
veriebmais ane excised from pre-mBRRNA
Imitrons; bird snoRNF protsins

reiafionship with dse=ases Fas not et
besm discoversd [ ivoived B e
reguiation of the fransoiption of probein-
codng genes by @mpeSng epigenstc
shencing compleses

In¥UTR

eprecied assockation wilh cancer biology
J posshis Ink wih postransoiptonal
slencmg of genes, mainly imvohed in
4 ommenicaSion, reguisdon  of
Tranesoripion, [

Lang nan-coding HMLE

T-ICRs

Ireoivesd In tumorigenesis and canoer
metssizsis [ voiverd  In diverse
biciogical processes such as dosage

Sana et al, J Transl Med, 2012



HISTORIE
1993 Ambros, Ruvkun — objev miRNA lin-4

1998 Fire, Mello — popis RNA interference

C 5000
: — e 4000 - M microRNA v
‘E microRNA and cancer .f:;:;e Melofor "
\ == of the ANA
Cell, 1993 S 3000 ;
&l a microRNA = 43832 Nature, 1998
N = .
U; microRNA and cancer = 19433
o 2000 7 |19,10.2015 23.29 :
0 . |. |l I | | | | | T PNAS, 2004
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Rok

Obr. 1.2. Pocet novych publikaci v databazi medicinskych informaci PubMed pfi zadani
klicového slova,microRNA" nebo kombinace ,microRNA" a ,cancer”.

2000

ocet novych

' 2007 Prvni originalni prace na téma i

w v
mMiRNA kologii v CR ©
_ | VvV ONnKoIogll Vv oA
¥ i g 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
e b Rok
Sl Obr. 1.2. Pocet novych publikaci v databazi medici kyh frmachMdp zadal
klicového slova,microRNA"n b kombinace | mlcroRNA ncer”




Soucasnost NEW!

Victor Ambros
2012, CSHL

© O. Slaby



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)
metody umoznujici detekci RNA,
2)
struktury,
3)
specifickych miRNA),
4)

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

kratkd RNA se musi vyskytovat v kmenové ¢3sti vlasenkové, asi 70 nukleotidi 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 uc
cagug gcg cUGUAAACAUCC GACUGGAAGCcu gug a

FECEE TEE TERrrrer el teerrrrirn L1

gucau cgu GACGUUUGUAGE CUGACUUUCgg cac g
cucc C C — guaga c

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



Zakladni fakta o mikroRNA

* Priblizné 3% predikovanych lidskych gen( jsou geny pro miRNA
* Jsou fylogeneticky vysoce konzervované
* Geny pro miRNA jsou rozmistény na vsech lidskych chromozomech s vyjimkou Y
e V\ databazi miRBase je anotovano 1390 mikroRNA*(1000 -2000 predikovanych)
* Maturovana miRNA je dlouhd 20-25 nukleotid(

 MIiRNA maji potencidl regulovat vice nez polovinu lidskych kédujicich gen(

* Jedna miRNA muze regulovat desitky az stovky cilovych mRNA

 miRNA c¢asto tvofri rodiny nebo jsou kédovany v klastrech (eg. cluster miR-17)

miRNA family members can be very similar eg let-7 family:
mmu-let-Ta: UGAGGUAGUAGSUUGUATAGUU
mmu-let-Th: UTEAGGUAGUAGGUUGUGUEEUT

mmu-let-Tc: UGAGGUAGUAGGUUGUATGEUU

mmu—-let—-Td:
mmu-let-Te:
mmu—-let-T7£f:
mmu—let-Tg:
mmu-let-71i:

*Sanger miRBase release 17.0, 2011

miR-17-92
(13g31.3)

17 1Ba 19a 20a 190=-1 Sd8-1
-l ] -l



Struktura a distribuce genli pro mikroRNA v lidském genomu

e Geny pro miRNA jsou rozmistény na
vSech lidskych chromozomech

s vyjimkou chromozomu Y. %"é
* Priblizné 50 % miRNA se nachazi v , , ,

. o o y o Mezigenové, klastrované
podobé klastru (u ¢lovéka 55 klastra), ] ) ) -
které jsou prepisovany jako Intronoveé
polycistronni primarni transkripty. 8 Exon 1 g MRS |

Mirtron
Dle vztahu ke znamym a definovanym g x| CmMRT Exon 2 gy
. v s . , Vs Intronoveé, klastrované
transkripcnim jednotkam délime na ’
benim ) 8 Eron 1 B om0 1 miry 1 miRW 8 Exon 2

* Mezigenové miRNA (pfriblizné 50 %) Exonove, Kiastrovans

* Intronové miRNA (priblizné 40 %) B DRy, o, B
* miRtrony

* Exonové miRNA

Obr. 1.3. Genomova lokalizace genu 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
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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 bunécnych liniich nebo organech dosahuje mnoho hodin nebo dokonce i dn!

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

_—> Tt PEERI

Argonaute

-,

Protection by
¢ Argonaute

Argonaute

PRI ““‘M“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
miRNA, 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
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B —
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Salmena, Pandolfi, Cell, 2011
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RNA transcript B
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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 kddujici miRNA muze vést ke vzniku mnoha rozdilnych izomiRs.

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

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

* PolymorfniizomiRs mohou vznikat v dlisledku 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
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MikroRNA jako onkogeny nebo nadorové supresory
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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
signal

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 signalim 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

MikroRNA jsou zapojeny do regulace

kmenové vlastnosti

ch bunék.
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Slaby et al., Galen, 2012



MikroRNA v patogenezi nadorovych onemocnéni NEW!

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

S J"
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@ LC3

@ Autofagozom

O Lyzozom
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% Kysela hydrolaza

E. Degradece
recyklace :

D. Nasedani
fuze

Slaby et al., Galen, 2012



Milestones of circulating nucleic acid biomarkers

R
Circulating
Use of circulating . miRNA
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Detection of elevated levels of tumour-associated microRNAs

Elevated levels
of circulating
DNA detected in

serum of patients
with autoimmue

disease

Circulating
DNA of tumor

orighn in serum of patients with diffuse large B-cell lymphoma

Since 2008 more than 7000 citations

Charles H. Lawrie,' Shira Gal,' Heather =~ Summary
M. Dunlop,' Beena Pushkaran,’ Amanda

P. Liggins,' Karen Pulford,’ Alison H. Circulating nucleic acids have been shown to have potential as non-invasive
Banham,’ Francesco Pezzella,' Jacqueline ~diagnostic markers in cancer. We therefore investigated whether microRNAs
Boultwood,! James S. Wainscoat,' also have diagnostic utility by comparing levels of tumour-associated
Figure 1. Milestones of circulating nucleicacid By  christian s. R. Hatton? and Adrian L.~ MIRNI55 (miR-155), MIRN210 (miR-210) and MIRN2I (miR-21) in
important discoveries and uses of circulating nuq Heris’ B serum from diffuse large B-cell lymphoma (DLBCL) patients (n = 60) with
Nuffield Department of Clinical Laboratory healthy controls (n = 43). Levels were higher in patient than control sera
Sciences, University of Oxford, John Radcliffe (P = 0:009, 0-02 and 0-04 respectively). Moreover, high MIRN2I expression

Hospital, *Department of Haematology, John

Radcliffe Hospital, and *Cancer Research UK,
Molecular Oncology Laboratories, Weatherall

Institute of Molecular Medicine, University of
Oxford, Oxford, UK

was associated with relapse-free survival (P = 0-05). This is the first
description of circulating microRNAs and suggests that microRNAs have
potential as non-invasive diagnostic markers for DLBCL and possibly other
cancers.

Keywords: microRNA, diffuse large B-cell lymphoma, lymphoma, sera,
plasma.




Cirkulujici mikroRNA jsou pritomny ve dvanacti typech télnich tekutin
I
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Table 1. Concentration of RNA isolated from
different body fluids. Urothelialni nadory _
dii I ber of
coreematon sglL  Sereia mAML . mRes
Sample (interquartile range) miRMAS
ot sowa s moLec o mR2
Breast milk 47240(73 180) 429 i
Bronchial lavage 1128 (886) 260 Weber et al., Clin Chem, 2010
Cerebrospinal fluid 111 (66) 12
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 941129) 04

* 25 estimated by the Agilent 2100 Bioanalyzer using the RNA 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.




Number of publications focusing tissue/circulating microRNAs
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Nair et al, Am J Epid, 2014



Percentage of studies >

Survey of circulating microRNA study design (Jan 2012)
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MAJORITY OF THE STUDIES SUFFER WITH
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NO INDEPENDENT VALIDATION!
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Weiland et al, RNA Biology 2012



Biogenesis and mechanism of action of circulating microRNAs

3 Cytoplasm

@PH—MRNA

Nucleus
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Protein-bound form Microvesicles-encapsulated form HDL-bound form Trapped in an apoptotic body

Schwarzenbach et al, Nat Rev Clin Oncol, 2014



Biogenesis and mechanism of action of circulating microRNAs
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Tumor cell-derived exosomes to recipient cells

Immune Cells Endothelial Cells

Secretion of
tumor-suppressor miRNAs
(let7 family, miR-23b, miR-224)

T Promotion of invasion by

macrophage-secreted miR-223

Macrophages

Falcone et al, JECCR, 2015



Reports to demonstrate cell-cell transfer of extracellular miRNAs

Donor cells Acceptor cells miRNA Impact References
MC/9, HMC-1 MC/9 and HMC-1 Multiple miRNAs Not investigated Valadi et al., 2007
THP-1 HMEC-1 cells Overexpressed miR-150 Reduction of miR-150 target c-Myb  Zhang et al.,, 2010b

Increase in HMEC-1 cells migration

EBV-infected B-cells

Dendritic cells, Hela

Mature EBV-encoded
miRNAs

Repression of EBV-miRNAs target
CXCL11

Pegtel et al., 2010

COS-7 HEK 293

COS-7 HEK 293

Overexpressed luciferase
siRNA

Repression of luciferase reporter
gene

Kosaka et al., 2010a

COos-7

PC-3M (metastatic
prostate cancer cells)

Overexpressed miR-146a

Decrease in proliferation

Repression of miR-146a target
ROCK1

Kosaka et al., 2010a

Mesenchymal stem cells

Tubular epithelial cells
(mTEC)

Multiple miRNAs

Repression of PTEN, cyclin D1,
Bcl-2 proteins

Collino et al., 2010

Macrophages

SKBR3 and MDAMB-231
breast cancer cells

Endogenous miR-223

Reduction of miR-223 targeted
Mef2c mRNA

Increased migration of SKBR3 and
MDA-MB-231 cells

Yang et al., 2011

J77 Tcells, primary T-cells

Raji B cells (antigen
presenting cells)

Overexpressed miR-335,
endogenous miR-335,
miR-92

Repression of miR-335 targeted
3-UTR of SOX4 gene

Mittelbrunn et al., 2011

Hep3B

Hep3B

Endogenous miRNAs
enriched in exosomes

Repression of putative miRNAs
target TAK1

Kogure et al., 2011

Primary mesenchymal
stromal cells

Primary astrocytes and
neurons

Endogenous miR-133b

Increase in neurite outgrowth

Xin etal., 2012

Primary dendritic cells

Primary dendritic cells

Endogenous miR-451 and
miR-148a

Repression of luciferase reporter

Montecalvo et al., 2012

HUVEC

Aortic smooth muscle cell

Endogenous miR-143/145

Repression of multiple miR-143/145
targets

Protection against atherosclerotic
lesion formation

Hergenreider et al., 2012

Turchinovich et al, Front Genet, 2013



MiroRNAs are present in 12 body fluids

13.0 18.0 22.0
E ¢
] = - I Toklo 4 ~_ o ___s._a'_ . _£ NRAIA :--I_J.‘d from
Table 3. The miRNA species that are uniquely detected in each of the different body fluid types.
E . ] o ] . lumber of
T A Breast Seminal Amniotic Cerebrospinal Peritoneal letectable
- 5 Plasma Tears milk fluid Saliva fluid fluid fluid Colostrum miRNAs
miR-224 miR-637  miR-193b miR-508-5p  miR-182* miR-636 miR-577 miR-129* miR-18a* 359
miR-483-3p miR-10a miR-644 miR-450b-5p  miR-92a-1* miR-583 miR-513a-5p 429
'F-: miR-518f* miR-28-5p  miR-17 miR-622 miR-376b miR-223 miR-10b* 260
{
h miR-508-3p miR-924 miR-380* miR-141 miR-26b miR-627 miR-192* 212
: miR-551b miR-150* miR-29b-2*  miR-26a miR-556-5p miR-29b-1*  miR-193b* 386
rFE' miR-182 miR-518c*  miR-340 miR-145* miR-593* miR-130a* 397
miR-135a* miR-217 miR-135b* 349
miR-139-3p miR-381 210
|| : miR-801 miR-96* 458
ﬁ miR-369-3p miR-1228 436
F miR-519d miR-431*
F iR-299-5 320
'I:: mik- -Jp
204
@ miR-373
= miR-330-5p {NA 6000 Pico
H les except co-
id is based on
Fig 1. The bndy fluia LYyPE> Lall UE Yivupeu I £ IdJUl LIUDLEIY UddEU Ul UIE PIVINE Ul LUBIINUINY EAPIEddeu I e NUMDer oT MIKNA Species WITN a Ievel 0T >&U% 0T tne g|0ba| mean.
miRNAs (unsupervised hierarchical clustering).

Plasma is separate from the 2 major clusters.

Weber et al, Clinic Chem 2010, >375 citations



There are specific profiles of circulating microRNAs in cancer

Oral squamous cell carcinoma
T miR-31; (--; --; 0,82)

Papillary thyroid carcinoma
1 miR-222; (81; 90; 0,91)

Non-small cell lung carcinoma
1 miR-20 + miR-24 + miR-25 + miR145
+ miR-152 + miR-199a5p + miR221

+ miR-222 + miR-223 + miR-320;
(93; 90; 0,97)

Oesophageal squamous
cell carcinoma
1 miR-22; (89, 86; 0,95)

Breast cancer

Hepatocellular carcinoma T miR-195; (88; 91; 0,94)

1 miR-23a + miR-23b + miR-342-3p
+ miR-375 + miR-423; (97; 100; 1,00) Acute myeloid leukemia
1 miR-195 + miR-142-3p;

(90; 100: 0,97)

Rhabdomyosarcoma

T miR-206; (100; 96; 0.99) Gastric cancer

t miR-1 + miR-20a + miR-27a
+ miR-34 + miR-423-5p;
(80; 81, 0,88)

Pancreatic cancer

Renal cell carcinoma
1 miR-378 + | miR-451; (81; 83; 0,86)

Colorectal cancer
1 miR-92; (89; 70; 0,89)

Urinary bladder cancer T miR-16 + miR-196a
1t miR-126 / miR-152; + CA19-9; (92; 96; 0,98)
(72; 82, 0,77)

Ovarian cancer Prostate cancer

| miR-342-3p; (--; --; 0,86) 1 miR-141; (60; 100; 0.91)

De Guire et al, Clinic Biochem, 2013



Circulating microRNAs
are associated with wide
range of pathologies

Acute pulmonary embolism
1 MiR-134; (--; --; 0,83)

Active tuberculosis
T miR-29; (83; 80; 0,83)

Hepatitis B virus —
1 MiR-375 + miR-10a + miR-223;
(99; 99; 1,00)

Cirrhosis
| MmiR-122 + 1 MiR-192 + 1 miR-21
+ | miR-223 + | miR-26a
+ | miR-27a + 1 miR-801;
(75; 91, 0,88)

Hepatitis C virus
1 miR-92a + miR-423; (98; 99; ,00)

Sepsis
| miR-223; (80; 100; 0,86)

— Relapsing-remitting
multiple sclerosis
1 Hsa-miR-145; (90; 90; 0.96)

Acute cerebral ischemia
1 miR-210; (88; 41; 0,66)

Traumatic brain injury
| miR-16 + | miR-92a
+ 1 miR-765; (100; 100; 1,00)

Heart failure
T miR-423-5p; (--; --; 0,91)

Acute myocardial infarction
1 miR-208b; (100; 100; 1,00)

Crohn’s disease
T miR-16; (74; 100; 0,90)

Hand-foot-and-mouth disease
1 miR-148a + miR-143
+ miR-324-3p + miR-628-3p
+ miR-140-5p + miR-362-3p;
(97; 93; 0.99)
De Guire et al, Clinic Biochem, 2013



Stabilita cirkulujicich mikroRNA
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Pficina stability cirkulujicich mikroRNA
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Micochova et al., Urologic Oncology 2013



Pre-analytical variables affecting analysis of circulating microRNAs

* Specimen collection and processing
(collection tubes, additives (serum-clot activators, plasma-anticoagulants EDTA,
heparin-heparinase), centrifugation, clotting time, time to processing,...)
e Storage and stability
Circulating microRNAs should be stable when stored at -20 and -80°C and
for a short time at RT or 4°C
There are conflicting data about the effect of freeze/thaw cycles
* Blood cell count
Different blood cell count significantly change the microRNA expression profile
* Haemolysis
mMiRNAs present in RBC could falsely elevate levels in haemolyzed samples
* Platelet contamination
MiRNA present in platelets could significantly contaminate serum profiles
* Plasma volume/components
optimal volume is necessary because due to presence of enzyme inhibitors
* Pre-amplification of microRNAs

* Other common preanalytical variables:
gender, age, smoking, fasting, dietetic miRNAs



miR-92 expression (normalised)

Sérové mikroRNA jako diagnostické biomarkery u CRC

Expression of miR-92
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Sérové mikroRNA jako diagnostické biomarkery u CRC

miR-17-3p
0,01 - (P = 0,65)
0,001 3 0
| j
0,0001 1 1
Zdravi CRC

0,1

0,01

0,001

0,0001

miR-29a miR-92a

(P=0,27)

(P = 0,90)
100§-

g 10F
g 3

;

N ] < [
3 ] c [
F : 3 é

g [ —
3 i 01k l | l |
- 1 1 0,01t 1 1
Zdravi CRC Zdravi CRC

* miR-17-3p, miR-29a, miR-92a, miR-135b

* endogenni kontrola: miR-16

* 100 pacientl, 30 zdravych darci

CESKA REPUBLIKA

Faltejskova et al, Cancer Biomarkers, 2012



Vliv hemolyzy na hladiny vybranych sérovych mikroRNA
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Unpublished data, 2014



Vliv normalizace dat na hladiny sérovych mikroRNA
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Vliv normalizace dat na hladiny sérovych mikroRNA
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Petra Faltejskova



MiR-21 jako biomarker u kolorektalniho karcinomu

Mormalized miR-21 expression
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Cirkukujici sérové mikroRNA v diagnostice renalniho karcinomu

Vzorky pacient Vzorky kontrol

hsa-miR-150-42372127

hza-miR-441-437 3360

hza-miR- 1934373009

hza-miR-320-4205388

hsa-miR-1267-4373260

hsa-miR-142-5p-4305350

hza-miR-1447-4395259

hza-miR-G267-4306543

hza-miR-151-3p-4305365

hsa-miR-203-4273005

hsa-miR-TE0-4205420

hsa-miR-378-42052584

hza-miR-365-4373194

hza-miR-328-3p-4306205

hza-miR-4257-43054 3

hsa-miR-281-4373020

hsa-let-Fa-4273 169

hsa-let-7i-4373 164

hza-miR-367-4373034 v , . .

e iR S0 47072 Skala hladin mikroRNA
hsa-miR-219-5p-4373080
hsa-miR-202b-4372071 B
hza-miR-§55-4381015

hza-miR-219c™-4381131 ¢
hza-miR-4547- 4305125

hsa-miR-19b-17-4305536

hsa-miR-571-4221016

hsa-miR- 1344373200

hza-miR-f29-4395547

hza-miR-26b7- 4306565

Robert lliev

Vzorky krevniho séra rozdélené do skupin na zakladé rozdilné exprese miRNA (Zlutd barva
znamena vzorky pacientd s renalnim karcinomem, modra pak vzorky kontrolnich jedincd,

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



Cirkukujici sérové mikroRNA v diagnostice rendlniho karcinomu
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Mocové mikroRNA jako diagnostické biomarkery urotelialniho karcinomu
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Mocové mikroRNA jako diagnostické biomarkery
urotelidlniho karcinomu
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Mocové mikroRNA jako biomakrery karcinomu mocového méchyre
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Small RNA sequencing in blood serum of colorectal cancer patients

Pooled samples

Only spectrophotometrically evaluated non-heamolyzed samples were included

1 pool = blood serum of 12 patients (200ul serum, one pool=2,4 ml)

* 5 pools of healthy donors = 60 healthy donors

* 12 pools of CRC patients based on serum samples of 144 colorectal cancer patients
(36 CRC patients of each clinical stage I-1V)

RNA purification - miRNeasy Serum/plasma Kit (Qiagen) (glycogen as carrier)
RNA yield 70-140 ng

lllumina MiSeq, TruSeq Small RNA kit
2 pools in one sequencing run (7,5M per pool)




Peak Size

ID Length (bp)
. L. . . Z1 145, 152
High Sensitivity DNA Bioanalyzer assay as checkpoint 72 145, 151
for correct size selection during library preparation Z3 145,152
Z4 145, 151
Z5 145, 153
CRCI1 137, 159
CRCI2 139
, CRCI3 138, 152
[FU] o
z A\ CRCIlI1 137,143
160 koncentrace v pg/ul horni CRC I 2 139, 152
marker
140 , Ka CRC I3 145, 153
spodni D
120+ marker 1l CRCII'1 145
100 miRNA/piRNA CRC1II 2 140
80 constructs CRCIIl 3 137,142
60 | ’ ] CRCIV1 138, 145
40 CRCIV 2 134
20 CRCIV3 136
0 <3 ‘
LI I I 1 1 I 1 I I 1 1 I I I
35 100 200 300 400 600 1000 3000 10380 [bp]



The proportions of annotated and non-annotated reads

TUMOR TISSUE BLOOD SERUM

percentage distribution
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More than 95% of all reads showed an average Q score >30.



Percentage of mapped and annotated miRNA/piRNA reads
compared to the total number of sequences
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Ten most abundant microRNAs among all blood serum samples analyzed

verage readcounts

322467,4

70,71

16941,29 N

mir-26a

7471,647

mir-30d

5864,294

e

9,412

]

4 of 10 most abundant miRNAs
in serum originated from RBC

5225,8

mir-181a

4561,941

mir-10a

4445,176




isomiRs in circulation and tissue

miR-92 in colon tissue

) - Délkal ] _ )
SequenceBmiRNAGD EB'R nt)a ReadcountsE Type®fizomiRE Mismatchi
AGGTTGGGATCGGTTGCAATGCTE : 100 Matured'D e
TATTGCACTTGTCCCGGCCTGTE : 46000 Mature®' e
- miR-92 in blood serum
TATTGCACTTGTCCCGGCCTGTTTE 241 5140 MatureB'Buper 10
: : : ot : of healthy donor
TATTGCACTTGTCCCGGCCTGTTE 230 70 Mature® EUpar om
TATTGCACTTGTCCCGGCCTGTTATE 250 750 Precursor®ariant® | 20
TATTGCACTTGTCCCGGCCTGTTAR 240 632 Sekvence miRNA 5' - 3' 5 Delka | o et kopii Typ izomir P
TATTGCACTTGTCCCGGCCTGTTTTE 250 410 AGGTTGGGATCGGTTGCAATGCT 4 Mature 5'
TATTGCACTTGTCCCGGCCTGTTAAR 250 3@ TATTGCACTTGTCCCGGCCTGT 0 Mature 3'
TATTGCACTTGTCCCGGCCTGATE 230 520
M 1
TATTGCACTTGTCCCGGCCTGTTT 24 9605 ature 3’ super
ATTGCACTTGTCCCGGCCTGTTTE 230 110 variant
TATTGCACTTGTCCCGGCCTGTT 23 8047 Mature 3' super
TATTGCACTTGTCCCGGCCTGTTCH 240 78 TATTGCACTTGTCCCGGCCTGTTAT 25 3077 Precursor variant
ATTGCACTTGTCCCGGCCTGTTE 220 1608 || TATTGCACTTGTCCCGGCCTGTTA 24 2024 Mature 3' i uper
varian
TATTGCACTTGTCCCGGCCTGTGAR 243 20 TATTGCACTTGTCCCGGCCTGTTTT 25 1325 Precursor variant
T ATTOCACT T CCCaaCCTaTTIAT - = TATTGCACTTGTCCCGGCCTGTTAA 25 529 Precursor variant
TATTGCACTTGTCCCGGCCTGAT 23 263 Mature 3" super
variant
ATTGCACTTGTCCCGGCCTGTTT 23 149 Mature 3' sub/super
variant
Mature 3' super
: < with additi b TATTGCACTTGTCCCGGCCTGTTC 24 144 Variant
somiRs with a itional bases
) i ATTGCACTTGTCCCGGCCTGTT 22 108 Mature 3' sub/super
are increased in blood serum !!! Mature 3' super
TATTGCACTTGTCCCGGCCTGTGA 24 107 .
variant
TATT AN CTT T T CCCCCTOCTTT A qC 1N01 Deraciire sy s272 = méd




MicroRNA differentialy expressed in blood serum of CRC patients and healthy donors

|
20 miRNAs =T s AT

mir-181a
mir-30e

0<0.0001

mir-30d

mir-146a
mir-584

mir-744

mir-134
mir-146b

=

mir-151a
mir-181c
mir-4433b
mir-6852
mir-431
mir-769
mir-181d

mir-4433a
mir-485

mir-4435
mir-1247
mir-4634




MicroRNA differentialy expressed in serum
of EARLY CRC patients and healthy donors

6 miRNAs with p<0.0001 =
|

mir-30d

mir-146a

mir-10b

mir-182

mir-4433b

mir-1247




MicroRNA differentialy expressed in serum
of lymph node-negative and positive CRC cases

12 miRNAs with
p<0.00001 M

—

mir-361

mir-26b

mir-99b

mir-100

mir-21

mir-142

mir-126

mir-340

mir-451a

mir-26a

mir-16

mir-486

[I-2-pool
[I-3-pool
[I-1-pool
[1-3-pool
ll-1-pool
lll-2-pool



MicroRNA differentialy expressed in serum
of CRC cases with and without distant metastasis

8 MiRNAs T = [ e
with p<0.001

mir-192

mir-361

mir-10a

mir-1247

mir-203b

mir-194

mir-483

mir-485




CIRCULATING microRNAs as biomarkers in clinical trials

miR-34a NCT01829971 Liver cancer and
liver metastases

Circulating NCT01722851  Breast cancer

Interventional phase | multicenter study to investigate the safety,
pharrnacokinetics and pharmacodynamics of MRX34

Observatnonal studies of microRNA expression levels as blomarkers of

miR-10b NCT01849952 Glioma

miR-29b NCT02009852 Oral squamous
cell carcinoma

Numerous NCT02127073 Breast cancer

Circulating NCT01595138  Low-grade glioma

Numerous NCT0T828918 olorectal carcinoma

Numerous NCT01119573 Endometrial cancer

Circulating NCT01595126 Central nervous system cancer

response to treatment in the tumors and circulation

response to treatment in the tumors

Observational studies of miR-10b expression levels as biomarkers of tumor
grade, survival, and genotypic variation

Observational study to explore the prognostic value of miR-29b in tissue,
blood, and saliva

Interventional study employing intranasal oxytocin to increase the volume of
nlpple asplrate fluld for biomarker identification and subsequent microRNA

Observational study of the circulating microRNA expression patterns in low
grade glioma as early predictors of cancer and as a marker of response to

samples
Observational study of association of microRNA expression and lymph node

Observational study of microRNA expression in the blood, cerebrospinal fluid
and urine of patients through the course of their treatment

cell carcinoma
Numerous NCT01453465 Rhabdoid tumors

Circulating NCT01391351 Ovarian cancer

cancer metastasis
Observatlonal study to |dem|fy mlcroRNA expressmn panerns between

Observatlonal studies of biomarker of response to treatment
Observational studies of biomarkers of clinical outcomes

Circulating NCT01505699 B-cell acute lymphocytic

Numerous NCT01957332 Breast cancer

Circulating NCTO01556178
Numerous NCT00864266 Non-small-cell lung cancer
Numerous NCT01108159 Hematologic cancer

Trends in Molecular Medicine August 2014, Vol. 20, No. 8

Observational study of microRNAs in the blood and cerebrospinal fluid as
biomarkers

Interventional study to identify a signature of response to chemotherapy

Observational studies of biomarker of expression profiles in initiation,
progression and treatment response



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

miR-17-92,miR-155
miR-221,miR-222
miR-29 Let-T

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

Nadory jater

miR-155miR-21
miR-145 miR-125b,
h 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

ALL

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

MNadory slinivky |

[ \ miR-17-92,miR-10a,miR-10b,
[ | | < Let-7,miR-29,miR-155
| [ Leukémie miR-124a,miR-204,miR-181
\ ,fj K | (cLUALL
Vo
VY
i l | ||
o
i \ I
O O

Tab. 4.1. Pfiklady mikroRNA asociovanych se znamymi histologickymi a molekularnimi
podtypy naderovych onemocnéni. Dopinéno 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
t1517) miR-382, miR-124, miR-376a, miR-127, [25]
miR-299-5p, miR-323
1(8;21) nebo inw(16) let-7b/c, miR-127 [25]
mutace NPM1b miR-10a/b, let-7, miR-29, 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

= ARCHIVY FFPE MATERIALU NA PATOLOGIICH JE TAK MOZNE VYUZIVAT
PRO ROZSAHLE RETROSPEKTIVNI STUDIE

iB ;: g 7B
o 1 . 1 g 1. st
= o 57 0 g .
LI -.:." ] e @ . s
c 17 o & . a sl
£ | pa & 3 & °l,
i A % 5
= e & o g
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0 r=0.89 S 4 E)
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0 1 2 4321012348567 1 2 3 4 5 6 7
Log10 (Fresh 1pg) Ve rs u s Log10 Paraffin-All Genes Log10 Paraffin- Overlapping Genes
mikroRNA z FFPE MRNA z FFPE
5 A Yaguang Xi, RNA, 2007, 13:1-7
FIGURE 7. Representative miRNA array image from a 10-yr-old = q
FFPE colon cancer sample. %
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=
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MikroRNA rozdilné vyjadrené v nadorové tkani glioblastomu

n =58 %
Age |—
Median (ranges) 56 (24 - 71) '
. s
>50 40 69
Gender e
Male 34 59 miR-139-5p
Female 24 41 iR Aot
Resection R B06.3p
Total 9 15 miR-886-5p
Subtotal 41 71 155
Parcial 8 14 iR 196)
Performance status mfi'lﬁﬁz#
0 4 7 MRA201
1 48 83 ﬂ:R:ms
2 6 10 miR-1393p
Adjuvant TMZ 220
Yes 31 53 iR A247
No 27 47 miR-488_prv ni

miR-107
miR-129#
miR-1296
miR-504
miR-133b
miR-500_prv ni

p<0.00001

Sana J, Carcinogenesis, 2014

“Andrej Bedie



Prognosticka sada 6-miRNA u pacientu s glioblastomem

S
~ p<1.01e-06
o Q — > threshold
- p<0.0309 o = < threshold
@ | — MGMT 0
S — MGMTH © 4
© 0 O
n oS LL
i - 5
S S ] 9,8 mes.
S - N
o
o |
© T T T T T
0O 5 10 15 20 25 <
time (months) < ! ! ! ! !
0 5 10 15 20 25
time (months)
Univariate Cox Regression Multivariate Cox Regression
Fact -
actors HR 95% ClI P value HR 95% CI P value ranﬁ;g o
Progression free survival
Age 1.02 099-1.05 0.222
Risk score 2.72 1.67-4.42 <0.001 1.97 1.33-2.94 < 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 0.242 216 0.88 -5.30 0.09
MGMT 0.54 0.23-0.96 0.035

Sana et al, Carcinogenesis, 2014



Prognosticka sada 6-miRNA u pacientu s glioblastomem

oS
00 02 04 06 0.8

1.0

o
< 0<1.34e-06
0<0.0202 = - — > threshold
roair o - < threshold
12 *
[ ] L]
y Replacement of miR-31 in GBM cells —
- 1 o
£ * *
ie- I
2 = E
N E 08 ’—‘*
o _J g 0.6 1
% - ’ ’ o E
£ 7 5 I
o ° 9% 04
oA ° | E .
= o ° s
0.2 1 hsa.miR.224
‘ hsa.miR.432#
hsa.miR.672
hsa.miR.31
0 hsa.miR.885.5p ;I-F'
A172 T98G UBTMG U251 hsa.miR.454 r_
| B pre-MOCK ™ pre-miR-31 , il
Age 1.01 098 -1.03 0.725
Risk score 272 1.84-4.02 < 0.001 2.86 1,91-4,26 < 0.001
Extent resection 1.00 0.49-2.04 0.991
<0.00001
T™Z 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 0.29-091 0.022

Sana et al, Carcinogenesis, 2014



MikroRNA jako terapeutické cile

Nadoroveé supresorova
mikroRNA
Substitucni terapie

Normal state

A
Muitiple
Melecular Phenotype
Defects | recovery?
|

.
BEEEEEEEES

Therapeutic Interventions

polycistron miR 1782,
* OMCO miRNAs 1 miR-21, miR-155,
miR-372, miR-373
2 01

/ target E2F1,
/ 1‘ mRNAs ; LATS2
TSGs

AN

03;\\

ranasal
uses

* miRMNA
biogenesis
pathway

hAT1R

(T
ifor ex. Ad-let-7) = -

Locally
miR or anti-miR
conjugation £ /%
to nanoparticles, / / =
viruses O by

oY

o/

Systemic
—_ miR or anti-miR

LR Y conjugation to

nanoparticles, viruses,
modified oligos,
LNAs, antagomiRs

lorio et al., EMBO Mol Med, 2012

Wurdinger et al., Pharmacogenomics J, 2008



MiR-215 jako nadorovy supresor u kolorektalniho karcinomu

miR-215

Petra

P <0,0001 ) ,
Faltejskova

0,0001 T T

N=240 parovych vzork( (tumor vs. non-tumoral colon tissue)

Faltejskova et al.,] Cell Mol Med 2012



r 4

MiR-215 koreluje s klinickym stadiem a bezpriznakovym prezivanim u pacientti s CRC

normalizovana exprese 29t (log)

P < 0.0001

*%
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_I

m v
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P < 0.0001
10 _—r : *hE : |—|*
1
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0.1 E
0.01 —_— P =0,0403
0.001 __ 100+
G
0.0001 >
N 904
2
0.00001 . s
roa % —
a4 X £ 804
e PCO
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& g c
2 < 2 70
=)
o
60 T . .
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DFS (dny)

- Low expression
== High expression

Faltejskova et al.,] Cell Mol Med 2012



number of cells [in thousands]

250

200

150

100

50

Navyseni hladin miR-215 tlumi proliferaci bunék odvozenych od CRC

HCT-116*/+

200 -

150 -

100 -

50 -

0 T T

—-———E”{

0 24 48

number of cells [in thousands]

72

time [hours]

96 120

== pre-negative control 10 NM  e=» «pre-miR-215 10 nM

1 HCT-116"
. P=0.0122

time [hours]

=fl— pre-negative control 10 NM  ==mfe «pre-miR-215 10 nM

number of cells [in thousands]

500 - DLD-1

400
300
200

100

0 24 48 72 96 120
time [hours]

e—fl— pre-negative control 10 NM  ==e <pre-miR-215 10 nM

Faltejskova et al.,] Cell Mol Med 2012



Cell apoptosis rate [%)]

Mnoistvi apoptotickych bunék (%)

MiR-215 indukuje apoptozu a zastavu bunécného cyklu v G1 fazi

50 -

40 -

30 -

20 -

10 ~

2.5

15

0.5

P <0.001

HCT-116

M pre-negative control 10 nM M pre-215 10 nM

P<0.05

DLD-1
M control oligonucleotide (10nM)

MW pre-miR-215 (10nM)

cell cycle [%]

80.0

60.0

40.0

20.0

0.0

HCT-116*/*

G1

M pre-negative control 10 nM

S

W pre-21510 nM
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MiR-215 snizuje migracni kapacitu nadorovych bunék

pre-mock 10 kA

DLD-1

pre-miR-215 10 nM

4 50%




Jaké mRNA jsou pomoci miR-215 regulovany???

Soweo [ crcc [N e [ s [ coico J e:

PROLIFERATION APOPTOSIS CELL CYCLE MIGRATION



normalizovana exprese

normalizovana exprese
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Jaké mRNA jsou pomoci miR-215 regulovany???

24h

XIAP

48h 72h

B mock HmiR-215

CD164

48h

B mock HmiR-215

96h

normalizovana exprese

14 +
1.2 -

0.8 -
0.6 -
0.4 -
0.2 -

24h

TYMS

48h

B mock M miR-215

72h

96h




normalizovana exprese

Jaké mRNA jsou pomoci miR-215 regulovany???

1.2 4

0.8 -

0.6 -

0.4 -

0.2 -

24h

HOXB9

* %k

48h

B mock M miR-215

72h

96h

normalizovana exprese

1.2 4

0.8 -

0.6 -

0.4 -

0.2 -

24h

48h 72h 96h

B mock EMmiR-215

unpublished data 2015




MiR-215 ovliviuje rlist nddoru in vivo

Jana
Merhautova
modre mysi - klon 33
miR-215
HCT-116** (clone 33) 20000 P =0.0038
N=5 20000 E 1.0x102
? ﬁ 1.0x103
£ e
E, 15000- 5
3 T 1.0x10+
g :
[*]
E 10000+ % 1.0x105
s :
3 S 10x10¢ : .
5000- mock miR-215
0 L)

unpublished data 2015



MikroRNA jako terapeutickeé cile

Seznam mikroRNA které jsou testovany jako potencialni terapeutické cile

Optimalizace  Pre-

Validace  vadd&i Klinické
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 hepatocelulirni 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- epatocelularni karcinom mi
faze 1 — prvni étvrtleti 2013 therapeutics X 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
X X

miR-29 srdecni fibroza mirage Therapeutics




Miravirsen (SPC3649) miR-122

"y

(SPC3649)
A New Treatment Targeting Hepatitis C

MikroRNA ja ko terapeutické cile

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:

5-mCcAttGTcamCamCtmCmC -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

santaris
pharma a/s”

E



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

‘ MRX34 (mir-34 mimic)
I

miR-Rx07*
miR-Rx06™

I|‘&

miR-Rxlet-7 (et-7 mimic)

MiR-Rx16 (miR-16 mimic)

miR-Rx01"

RESEARCH & DEVELOPMENT

* miRNA mimics undisclosed

b

:
:

DEVELOPMEN1

9% Survival

mirna

75+

S0+

254

THERAPEUTICS

75 miRNA Replacemont
Therapy in the Clinic!

For clinical study information,
please see listing on

ClinicalTrials.gov

Oncology

TREATMENT

- MRX34
-~ SORAFENB
=~ NEGATIVE CONTROL
-t= PBS

L Ll L

Ll T
2 o 6 8 10 12 14 16
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