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nich stavebnich kamenid nidorowé biologle. Z tohoto postawe-
nil vyphivd | potenciaind vyuZiti miloroRNA v kiinicks praxi, a to
Jak v diagnostice, tak v terapll nddorovych onemocnéni. To, 2e
se jednd o rediné pFedpokiady, dokazuje | vstup prvnich &g

na bdzi mikroRMNA do klinkckych hodnocend.

V ONKOLOGII

malignit, s utim zamétenim na vyuditl mikroRNA Jako blomar-

Prwni moncgrafie na toto téma v nadi Iteratute pfinasl Informace M I KRO
0 zikladnich principech biologle milroRNA a metodich jejich stu-
kerli v diagnostické a predikthmi onkologll a pro terapeuticks
udely. Monografil pFipravil autorsky kolektiv odbornilol, iteH

dia, ale predeviim systematicky zpracovdvd zapojend mikroRNA
do patogeneze hlavnich skupin solidnich a hematologickych L I I
maji praktické zkutenostl s vyzkumem mikroRNA a swé poznaticy
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Moderni technologie, individualizace Iécby a bioetika

z pohledu Star Treku
Dr. McCoy

zvany Bones
neboli kostra

Kapitan Kirk




Kapitan Kirk: Doktore, potrebuji urychlené védeét jestli tento Aleuviansky velvyslanec
bude nebo nebude 7Zit.

Dr.McCoy: Jimme, jsem jen prosty venkovsky |ékar, analyza celého genomu
mi par minut potrva.

eru ukazuje v genomu

BUviany je fatalni.

Kapitan Kirk: Sakra, Bonesi (prezdivka dr. McCoye). Tento muz musi Zit
nebo veskera vyjednavani zkraghuii.

predikovat reakci na l1é¢bu. TATO NUKLEOTIDOVA TERAPIE HO VYLEC
Pacient se musi rozhodnout sam.

Dr. McCoy: Kapitane, jsem |éK prisahu neublizit.
Nebudu pokracovat bez souhlasu pacienta nebo dalSich genomickych vysetreni.



Svét nekodujicich RNA

kédujici 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%

Sana et al, J Transl Med, 2012



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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Obr. 1.2. Pocet novych publikaci v databazi medicinskych informaci PubMed pfi zadani
klicového slova, microRNA” nebo kombinace,microRNA" a,,cancer”.
© Slaby, Svoboda et al. MikroRNA v onkologii, Galen, 2012
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Postaveni mikroRNA v centralnim dogmatu molekularni biologie

W > Replikace

H i Transkripce «<——— TranskipCni uroven regulace genové exprese

Reverzni
transkripce

Post-transkripcni regulace

enoveé exprese
Translace f—— g P

mikroRNA

inhibice translace, degradace mRNA

Francis Crick, 1956
David Baltimore, 1970



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
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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

7\
\/

Protection by
¢ Argonaute

Argonaute

@ul LLLLE dadg LLLIB
5’-to-3’ decay 3’-to-5" decay
in animals in plants

Kai S, Nature Struct. Mol. Biol. 2010



IzomiRs

* 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 TS v zavislosti na bunécném 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 ziskanych znakt
maligniho nadoru dle Weinberga a Hanahana. (Hallmarks of Cancer: The Next Generation, Cell, 2011)

Znaky maligni transformace

MikroRNA

sobéstacnost v produkci ristovych
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 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 replikaéni 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-520c¢, 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 a autofagie

MikroRNA se podileji na regulaci ch procest autofagie, jako jsou signalizace mTOR,

skladani komplexu ULK1, interaktom proteinu Beclin-1 nebo ATG4 signalizace.
™

=

p.

A, Indukce

@ Aktivator autofagie
@@ Inhibitor autofagie
@ LC3

@ Autofagozom

-O Lyzozom
Autolyzozom

% Kysela hydrolaza

E. Dagrad eo‘t\
recyklace :

D. Nasedani
fuze

Slaby et al., Galen, 2012



MikroRNA a nadorové kmenové bunky

MikroRNA jsou zapojeny do regulace ch signalnich drah regulujicich
kmenové vlastnosti ch kmenovych bunék.
miR-21
miR-15a '
B2 D
miR-16-1 ' 4
miR-135 miR-199b-5p  miR-34  let-7
| |  miR-17-92
-Whnt Notch HMGA?2
Look!
Stem celle! _ :
Bmi-1 Hedgehog
' |
miR-128 miR-125b miR-324-5p miR-326

Btz{uinmmgmn Freebookegm,/ BsarreComice 141,13 Slaby et al., Galen, 2012




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
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MikroRNA jako biomarkery v onkologii

miR-17-92,miR-155 [
miR-221,miR-222 [

miR-29,Let-T ;
Nadory plic
|
|
miR-21,221 -
miR-22,28,124, -
203,122 ,125a
Néadory jater |
l s
/l/
’ }
miR-196a, \
miR-196b, | =4
miR-21 \

SNP ve vazebnych mistech
pro miRNA u CRC

Slaby et al., Galen, 2012

Nadory tlustého

Leukémie  MIR-124amiR-204,miR-181
{CLUALL)

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

Prognosticky biomarker
Priklad tkanové mikroRNA
u rendlniho karcinomu

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

stieva

CLL

miR-155,miR-17-92,
miR-15a16-1,miR-29b
miR-181b,miR-203,miR-10a
ALL
miR-17-92,miR-10a,miR-10b,
Let-7,miR-29,miR-155

Diagnosticky biomarker
Priklad sérovych mikroRNA
u rendlniho karcinomu

#ebné odpovédi

Prognodza,
molekularni klasifikace,

Casny zachyt

\ I"3|a.p5u / Diagnostikovatelné

Follow-up ' nadorové onemocnéni
Analyza ‘

Casna detekce

\/9

Rust nadoru




SNP a mikroRNA, rizikové faktory

5UTR JFUTR
coding sequence SNP
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o 2 "
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pre-mAMA “__,..-—-""' complax m7G ORF X :MMAA l
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clasvage ,g?&?‘?;ﬁz Increase in mRNA translation
pre-miRNA Drosha_j (eg. KRAS) GEMING | RISC-miRNA
nuclaus
RAN GEMIN4 | Agel4 )
cyloplasm KPOE rei4035 m7G ORF !AAAAAA |
Creation of miRNA target site
S:;I:zrltnglﬂ::r Decrease in mRNA translation
complex (eg. ESR1)
SMPsin mlRN A
CHGER Slaby et al., J Cell Mol Med, 2011
eamiex l‘ maturation
DICERY mature i, Dhcer TRES
rs3T4 2550 miFhA —— -._d_,..-r"'l A \ Breast cancer - specific survival
- * oo D S—
GEMIND GEMING GEMING 2 . T .
RIS complex e re197412 rEZT40345 @ =
2R s rs 197414 rs7813 g o7
06
E 05
‘,/’ \ SMPsin 3 va|_p0008 [—GG —-GARA|
RIS ’ 2 4 [ 8 10 12
w, complex survival time (years)
.. __M_Di,-f"_m - ._j\gﬂ:_,,.’_m c Lymph node metastasis positive
S o 4
. = . [—cc —-cama]
mRHA degradation  translational regression 5 oo ?j—_\
s 08 = A
So7 -
2 08 bbbl =
H H 4 4 H 5 05 p=0.0009 :
1. SNPs v biogenetické draze miRNA e T e e
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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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miR-27b*
miR-135b*

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

miR-23b
miR-633
miR-155

Ellliiinilllilla

miR-106a*

Table 1 MiRNAs affected by isothiocyanates treatment.

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/fup 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, FOXQO3A,
seeTilietal. S0CS1, 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 phosphatidylinosital-3,4,5-trisphosphate 5-phosphatase 1, FOXO03 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

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

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 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 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 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 freguency in Caucasians

Controls® Cases® -[+ versus +{+ P-value  -f-versus +/+ P-value  P-value
Gene SNP 4+ [+ [~ #/+ -+ /- OR" gs%cl OR®  95%Cl Trend
AGTR1 rs5186 125 73 14 104 78 15 1.25 (0.83,1.90) 0.313 1.37 (0.62, 3.00) 0.42 0.238
TNFAIP2 rs710100 100 8% 23 85 86 26 115 (0.76,1.75) 0.507 1.33 (0.70, 2.53) 0.399 0.516
PRKCB rs411103 77 108 27 75 97 25 0.96 (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 1.13  (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 0.95 (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

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, 2013



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.




Stabilita cirkulujicich mikroRNA
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Plvod cirkulujicich mikroRNA
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Cirkukujici sérové mikroRNA v diagnostice renalniho karcinomu

Vzorky pacient

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
hza-miR-203-4373095
hza-miR-760-4295439
hza-miR-378-4305354
hza-miR-365-4373194
hza-miR-328-3p-4306205
hza-miR-4257-43054 3
hza-miR-381-4373020
hza-let-Ta-4373 169
hsa-let-7i-4373 164
hza-miR-367-4373034
hza-miR-302c-4378072
hza-miR-218-5p-4373080
hza-miR-303b-4378071
hza-miR-§55-4381015
hza-miR-219c™-4381131
hza-miR-4547- 4305125
hza-miR-19b-17-4305536
hza-miR-571-438 1016
hza-miR-134-4373299
hza-miR-f29-4395547
hza-miR-26b7- 4306565

Vzorky kontrol

Skala hladin mikroRNA

v 1~

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



Cirkulujici sérové mikroRNA v diagnostice renalniho karcinomu
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Redova et al., J Transl Med 2012



Mocové mikroRNA jako diagnostické biomarkery urotelialniho karcinomu

miR-96 miR-183
P=0.0320
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Cytology
miRNA Auc SE 95% CI Cut-off  Sensitivity (%) Specificity (%) m";% 17 (21.8%)
miR-86  0.831 0030  0767-0.884 284 .0 89.2 | 2] Negative [E] Positive |
miR-183  0.B17 0.031 0.752-0.872 466 T4.0 773
Yamada et al. Cancer Science, 2010
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MikroRNA jako prognostické tkarnové biomarkery u renalni karcinomu

Predikce ¢asného relapsu po nefrektomii u pacientt s renalnim karcinomem

Casny relaps
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Figure |. Hierarchical clustergram dicriminating RCC patients developing tumor relapse and relapse-
free RCC patients according to diferentially expressed miRMAs (blue color indicate RCC with relapse,
blue relapse-free RCC, P < 0.01).

Slaby et al, Genes Chromosomes and Cancer, 2012



MikroRNA jako prognostické tkarnové biomarkery u renalni karcinomu

Predikce ¢asného relapsu po nefrektomii u pacientt s renalnim karcinomem
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Slaby et al, Genes Chromosomes and Cancer, 2012



MikroRNA jako prediktivni biomarkery odpovédi na anti-EGFR

terapii u pacientl s metastatickym kolorektalnim karcinomem

anti-EGFR therapy =) cetuximab

response to
anti-EGFR

Wt-KRAS therapy (20%)

/ (40%)

therapy (80%
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MikroRNA jako prediktivni biomarkery odpovédi na anti-EGFR

terapii u pacientl s metastatickym kolorektalnim karcinomem
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In collaboration with University of Ferrara (prof. Negrini lab)



MikroRNA jako terapeutické cile

Nadoroveé supresorova
mikroRNA
Substitucni terapie

Normal state

A
Muitiple
Melecular Phenotype
Defects | recovery?
|

.
BEEEEEEEES

Therapeutic Interventions
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Funkcni in vitro analyza mikroRNA deregulovanych u kolorektalniho karcinomu

P <0,0001

miR-215
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Faltejskova et al.,] Cell Mol Med 2012



In vitro funkcni analyza miR-215 u kolorektalniho karcinomu:
ovlivneni proliferace
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Cell apoptosis rate [%]

In vitro funkcni analyza miR-215 u kolorektalniho karcinomu:

ovlivnéni apoptdozy a bunécného cyklu
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In vitro funkéni analyza miR-215 u kolorektalniho karcinomu:
ovlivnéni migracni schopnosti nadovych bunék

DLD-1

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

Identification and functional screening of microRNAs

highly deregulated in colorectal cancer

P. Faltejskova, M. Svoboda, K. Srutova, et al.

J Cell Mol Med, 2012

J 50%

=  Experimentdlni potvrzeni predikovanych cilovych genl miR-215 (ZEB1, ZE
=  Validace pozorovani ziskanych in vitro na in vivo mysim modelu

=  Vyvoj nanocastic (Zelezité nanocastice konjugované s chitosanem) jako delivery
systému pro podani terapeutickych miRNA in vivo




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
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-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




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



MikroRNA jako terapeutické cile: from bench to bedside

MRX34 — hepatocelularni karcinom

MRX34 (mir-34 mimic)
miR-Rx07*
miR-Rx06™

miR-Rxlet-7 (et-7 mimic)

miR-Rx02*

MiR-Rx16 (miR-16 mimic)
miR-Rx01*
miR-Rx03*

NEWVE gl =lF

RESEARCH & DEVELOPMENT

* miRNA mimics undisclosed

= 1¢ miRNA Replacement

mirna

THERAPEUTICS

Therapy in the Clinic!

For clinical study information,
please see listing on

ClinicalTrials.gov

3= Oncology

PHASE | PHASE Il

CLINICAL DEVELOPMENT
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