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Proc jsou nekodujici RNA dulezité?

kédujici geny predstavuji méné nez 2% sekvence lidského genomu
VS.
témeér 80% lidského genomu je aktivné prepisovano do struktury RNA
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Sana et al, J Transl Med, 2012

Komplexnost organism( nartlsta s genomovym obsahem nekddujicich RNA.

Nekddujici RNA predstavuji novou Uroven regulace genové exprese v biologickych systémech.



mikroRNAs

Nové tridy nekédujicich RNA
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I Class I

Long
non-coding non-coding RNAs
RNAs

Symbol Characteristic Disease / biological function associations

MicroRNAs miRNAs  18-25 nt; account 1-2% of the human genome; initiation of various disorders including many,

control the 50% of protein-coding genes; guide if not all, cancers / regulation of proliferation,
suppression of translation; Drosha and Dicer differentiation, and apoptosis involved in human
dependent small ncRNAs development

Small interfering siRNAs 19-23 nt; made by Dicer processing; guide great potential in diseases treatment /

RNAs sequence specific degradation of target mRNA posttranscriptional gene silencing mainly
through RISC degradation mechanism; defence
against pathogenic nucleic acids

Piwi-interacting piRNAs  26-30 nt; bind Piwi proteins; Dicer independent;  relationship between piRNAs and diseases has

RNAs exist in genome clusters; principally restricted to  not yet been discovered / involved in germ cell

the germline and somatic cells bordering the development, stem self-renewal, and
germline retrotransposon silencing

Small nucleolar snoRNAs  60-300 nt; enriched in the nucleolus; in association with development of some cancers /

RNAs vertebrate are excised from pre-mRNA introns; important function in the maturation of other

bind snoRNP proteins non-coding RNAs, above all, rRNAs and snRNAs;
miRNA-like snoRNAs regulate mRNAs

Promoter- PASRs 20-200 nt; modified 5' (capped) ends; coincide

associated small with the transcriptional start sites of protein- and

RNAs non-coding genes; made from transcription of relationship with diseases has not yet been

short capped transcripts discovered / involved in the regulation of the

Transcription tRNAs  ~ 18 nt ; have the highest density just transcription of protein-coding genes by

initiation RNAs

Centromere repeat crasiRNAs
associated small
interacting RNAs

Telomere-specific  tel-sSRNAs

small RNAs

Pyknons

Long intergenic lincRNAs

Long intronic non-
coding RNAs

Telomere-associated TERRAs
ncRNAs

Long non-coding
RNAs with dual
functions

Pseudogene RNAs

Transcribed-
ultraconserved
regions

T-UCRs

downstream of transcriptional start sites; show
patterns of positional conservation; preferentially
located in GC-rich promoters

34-42 nt; processed from long dsRNAs

~ 24 nt; Dicer independent; 2-O-methylated at
the 3' terminus; evolutionarily conserved from
protozoa to mammals; have not been described
in human up to now

subset of patterns of variable length; form
mosaics in untranslated and protein-coding
regions; more frequently in 3" UTR

ranging from several hundreds to tens of
thousands nts; lie within the genomic intervals
between two genes; transcriptional cis-regulation
of neighbouring genes

lie within the introns; evolutionary conserved;
tissue and subcellular expression specified

100 bp - >9 kb; conserved among eukaryotes;
synthesized from C-rich strand; polyadenylated;
form inter-molecular G-quadruplex structure with
single-stranded telomeric DNA

both protein-coding and functionally regulatory
RNA capacity

gene copies that have lost the ability to code for
a protein; potential to regulate their protein-
coding cousin; made through retrotrans-position;
tissue specific

longer than 200 bp; absolutely conserved
between orthologous regions of human, rat, and
mouse; located in both intra- and intergenic
regions

targeting epigenetic silencing complexes

relationship between crasiRNAs and diseases has
not yet been discovered / involved in the
recruitment of heterochromatin and/or
centromeric proteins

relationship between tel-sRNAs and diseases has
not yet been discovered / epigenetic regulation

expected association with cancer biology /
possible link with posttranscriptional silencing

of genes, mainly involved in cell communication,
regulation of transcription, signaling, transport,
etc.

involved in tumorigenesis and cancer metastasis
/ involved in diverse biological processes such as
dosage compensation and/or imprinting

abemantly expressed in human cancers / possible
link with posttranscriptional gene silencing

possible impact on telomere-associated diseases
including many cancers / negative regulation of
telomere length and activity through inhibition
of telomerase

deregulation has been described in breast and
ovarian tumors / modulate gene expression
through diverse mechanisms

often deregulated during tumorigenesis and
cancer progression / regulation of tumor
suppressors and oncogenes by acting as
microRNA decoys

expression is often altered in some cancers;
possible involvement in tumorigenesis /
antisense inhibitors for protein-coding genes
or other ncRNAs
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MikroRNA predstavu)i extrémné rychle rostouci oblast mole-

kularni blologle a poznatky o nich se JiZ staly jednim ze zdklad-

nich stavebnich kamendl nidorové blologle. Z tohoto postave-

ni vyplyvd | potencidini vyu2iti mikroRNA v kiinické praxi, a to

Jak v diagnostice, tak v terapll niddorovych onemocnéni. To, 2e

se jednd o rediné pfedpokiady, dokazuje | vstup prvnich létiv
na bazi mikroRNA do kiinickych hodnoceni.

Prvni monografie na toto téma v nasl literatufe ptinad( Informace
o zakladnich principech blologle mikroRNA a metodach jejich stu-
dia, ale ptedeviim systematicky zpracovdvd zapojeni mikroRNA
do patogeneze hlavnich skupin solidnich a hematologickych
malignit, s uzsim zamétenim na vyuziti mikroRNA jako blomar-
kerll v dlagnostické a prediktivni onkologll a pro terapeutické
dtely. Monografil ptipravil autorsky kolektiv odbornfki, ktet
ma)l praktické zkusenost! s vyzkumem mikroRNA a své poznatky
publiku)( v mezindrodnich odbornych tasoplisech.
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Uvod do biologie mikroRNA

*  miRNA jsou kratké nekddujici RNA post-transkripcné regulujici genovou expresi

* maturovand miRNA je dlouhd 20-25 nukleotid(

* v databdazi miRBase je anotovano 2549 lidskych miRNA*

* tyto miRNA maji potencial regulovat vice nez polovinu lidského genomu

* jedna miRNA muzZe regulovat desitky azZ stovky cilovych mRNA

miRNA casto tvori klastry nebo sekvencni rodiny (napfr. klastr miR-17, rodina let-7)

Rodina mikroRNA let-7 Klastr miR-17-92

let-7a-1 UGAGGUAGUAGGUUGUAUAGUU
let-7a-2 UGAGGUAGUAGGUUGUAUAGUU
let-7a-3 UGAGGUAGUAGGUUGUAUAGUU

cccccc

let-7b UGAGGUAGUAGGUUGUGUGGUU
let-7¢ UGAGGUAGUAGGUUGUAUGGUU
let-7d AGAGGUAGUAGGUUGCAUAGU -
let-7e UGAGGUAGGAGGUUGUAUAGU - A
let-7f-1 UGAGGUAGUAGAUUGUAUAGUU =
let-7f-2 UGAGGUAGUAGAUUGUAUAGUU
let-7g UGAGGUAGUAGUUUGUACAGU -
let-7i UGAGGUAGUAGUUUGUGCUGU -

— W17 —W18a’— 194l — 120a — 19b8 — 92all —
Lodish et al, Nature, 2008

Olive et al, Genes Development, 2009

*Sanger miRBase release 21.0, 2016



Kanonicka draha biogeneze a biologické funkce mikroRNA
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. Transkripce genu pro miRNA

pomoci RNA polymerazy Il

. pri-miRNA je zpracovana
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. pre-miRNA je exportovana z
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Kanonicka draha biogeneze a biologické funkce mikroRNA

microRNA: licensed to kill messenger
5. Vedouci retézec z maturovaného duplexu

miRNA je zaClenén do multiproteinového
komplexu miRISC, ktery se vaze na cilovou
MRNA.

6. V zavislosti na stupni komplementarity miRNA: Y Y SIRNA

p4 , . m|RNA* m{\IHIIIIHIII I
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Esquela-Kerscher A et Slack F, Nature Reviews Cancer,2008



MikroRNA vstupuji do nadorové biologie
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Calin et al., PNAS, 2004

Priblizné 50% znamych
genu pro miRNA lezi ve
fragilnich ¢astech

oblastech chromozémud,
které jsou Casto
zmnozeny nebo ztraceny
v nadorovych bunkach

Geny pro miR-15a a miR-16a
lezi v regionu 1314, ktery je
Casto deletovan u CLL



Role mikroRNA v nadorové bunce

ONKOGENNiI MIKRORNA SUPRESOROVA MIKRORNA

—~¥

J, nadorovy supresor 1 onkogen

Caldas et al., Nature Medicine, 2005



MikroRNA funguijici jako onkogeny a nadorové supresory
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MikroRNA jako onkogeny nebo TS v zavislosti na kontextu
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Kasinsky, Slack, Nature Reviews Cancer, 2012



Vyuziti mikroRNA v diagnostice a lécbé kolorektalniho karcinomu

CIKRULUJICI MIKRORNA JAKO DIAGNOSTICKE BIOMARKERY

MODELOVA STUDIE 1
Sérové mikroRNA v diagnostice kolorektalniho karcinomu




MikroRNA jsou pritomny v rtiiznych typech télnich tekutin

bjh EEE—

Detection of elevated levels of tumour-associated microRNAs
in serum of patients with diffuse large B-cell lymphoma

Charles H. Lawrie,' Shira Gal,' Heather
M. Dunlop,' Beena Pushkaran,' Amanda
P. Liggins,' Karen Pulford,' Alison H.

Y} ! Pezzella,' J; li
d,' James S. Wai !
Christian S. R. Hatton” and Adrian L.
Harris®
"Nuffield Department of Clinical Laboratory
Sciences, University of Oxford, John Radcliffe
Hospital, *Department of Haematology, John
Raddliffe Hospital, and *Cancer Research UK,

lecular Oncology Lab ies, herall
Institute of Molecular Medicine, University of
Oxford, Oxford, UK

Summary

Circulating nucleic acids have been shown to have potential as non-invasive
diagnostic markers in cancer. We therefore investigated whether microRNAs
also have diagnostic utility by comparing levels of tumour-associated
MIRN155 (miR-155), MIRN210 (miR-210) and MIRN21 (miR-21) in
serum from diffuse large B-cell lymphoma (DLBCL) patients (n = 60) with
healthy controls (n = 43). Levels were higher in patient than control sera
(P = 0009, 0-02 and 0-04 respectively). Moreover, high MIRN21 expression
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.

Or roku 2008 vice nez 800 citaci
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MikroRNA jsou pritomny v rtiznych typech télnich tekutin
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Table 3. The miRNA species that are uniquely detected in each of the different body fluid types.
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4
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Plasma is separate from the 2 major clusters.

Weber et al, Clinic Chem 2010, >375 citations



Uvolnovani mikroRNA do cirkulace a jejich formy
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MikroRNA v exosomech jako komunikacni kanal v ramci nadorového mikroprostredi

Immune Cells

Secretion of

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

Endothelial Cells

T Promotion of invasion by

macrophage-secreted miR-223

Macrophages

Falcone et al, JECCR, 2015



Stabilita cirkulujicich mikroRNA

18

® Non lpregnanl '

V¥ Pregnant s
16 +  3rd trimester '
- Individual 006 0 Individual 008 vy
35 35 - v
S 5 30 w14 v
. a2 — .} -
= e i —————— B e ———y £ v
E w ¥ -— —— 'g 2 g 12
2 15 1 ] 515 5
10 10 g“o_
5 ] » °
) Sy —p——————————— 0 . . . . ° °
0s 1 2 4 8 24 05 1 2 4 s 2 8- L
Incubation time at room Incubation time at room o ® ] =
A Ambient temperature (hours) temperature (hours) h o 3 ” TS s
'l:ncubatlon { EP——r MIR1E  —a miR-24 } Mean signal of (hsamiR520d5p , hsamiR526a)
reeze-thaw
v %
40 Individual 006 % Individual 008
G » 5 .
E = - ¥ hsa miR 527
3 s B N e £ 18 |
E e~ E 2 (&) -
g ———— S 16
- z 15 o —
15 0
10 = 14}
10 © 1
. 5 5, 12¢
0 0 : » 101 _
1 2 4 [ o
1 2 4 8 O 8t t,
Number of freeze-thaw cycles Number of freeze-thaw cycles a

Not Preg. 1st Trim.  3rd Trim.

Gilad et al., 2008

20



Plazmatické a sérové profily mikroRNA jsou kontaminovany
mikroRNA pochazejicimi z krevnich bunék
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Rozdilna logistika a zpracovani vzorku ovliviuje hladiny mikroRNA
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Sérové mikroRNA jako biomarkery pro casnou diagnostiku a
stanoveni prognozy pacienti s kolorektalnim karcinomem

424 pacientu s kolorektalnim EXPLORATIVNI FAZE

karcinomem ,(KRK) Sekvenovani nové generace (lllumina)
276 kontrolnich osob 144 pacientu s KRK, 96 kontrol

MODELOVA STUDIE 1 @

TRENINKOVA FAZE
RT-qPCR, vyvoj DXscore
80 pacientu s KRK, 80 kontrol

!

VALIDACNI FAZE
RT-qPCR, validace DXscore
200 pacientu s KRK, 100 kontrol

54 miRNA s rozdilnymi
hladinami v krevnim séru
pacientu s KRK (P<0.01)

Vychytilova et al. Carcinogenesis, 2016



Sérové mikroRNA jako biomarkery pro casnou diagnostiku
a stanoveni prognozy pacientu s kolorektalnim karcinomem

A training cohort
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Vychytilova et al. Carcinogenesis, 2016
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Sérové mikroRNA jako biomarkery pro casnou diagnostiku
a stanoveni prognozy pacientu s kolorektalnim karcinomem
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Sérové mikroRNA jako biomarkery pro casnou diagnostiku

a stanoveni prognozy pacientu s kolorektalnim karcinomem
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Improvement of DxScore — 3 miRNAs + 1 PIWI-interacting RNAs (piRNA)
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VYUZITi MIKRORNA V DIAGNOSTICE A LECBE KOLOREKTALNIHO KARCINOMU

MIKRORNA JAKO TKANOVE BIOMARKERY

MODELOVA STUDIE 2
Tkanové mikroRNA jako prediktivni biomarkery odpovédi na [éCbu protilatkami
proti EGFR u metastatického kolorektalniho karcinomu




MikroRNA jako tkanové biomarkery v onkologii

Ondrej Slaby
Editor

- « MicroRNAs in
. Solid Cancer

miR-17-92,miR-155 /.

miR-221,miR-222

miR-29,Let-7
Nadory jater

LN
7/
miR-196a,

miR-196b,
miR-21

Nadory prsu

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

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

Nédory tlustého
stieva Advances in Experimental Medicine and Biology 937

CLL
miR-155,miR-17-92,
miR-15a/16-1,miR-29b

miR-181b,miR-203,miR-10a .
m Ondrej Slaby

miR-17-92,miR-10a,miR-10b, George A. Calin Editors

Non-coding
RNAs in
Colorectal
Cancer

Nadory slinivky

Leukémie
(CLL/ALL)

Slaby, Svoboda (Eds.) MikroRNA v onkologii, Galén, 2012

@ Springer




MikroRNA jako prediktivni biomarkery u kolorektalniho karcinomu

Dobra odpovéd
na anti-EGFR
terapii (40%)

M O D E LOVA STU D I E 2 Nemutovany

KRAS/NRAS
(40-50%)

- Spatna odpovéd’
Metastaticky na anti-EGFR
kolorektalni terapii (60%)
MIKRORNA JAKO PREDIKTORY karcinom Mutovany KRAS

nebo NRAS

ODPOVEDI NA LECBU PROTILATKAMI (50-60%)

PROTI RECEPTORU EGFR U METASTATICKEHO
KOLOREKTALNIHO KARCIMOMU
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MikroRNA jako prediktivni biomarkery u kolorektalniho karcinomu
Nezavisla validace

CETUXIMAB PANITUMUMAB
miR-31-5p 3 100 miR-31-5p
q — nizka hladina = 80l nizkg@fadina
o ---vysoka hladina N vysia hladina
= s 60 U
= g 1L
2 o 20-
- d ] L4 1Sm————— -4
* 0 T T T T T T 1
50 100 150 200 250 0 50 100 150 200
Cas do progrese (tydny) Cas do progrese (tydny)
Nizka (66%) vs. vysoka hladina (34%) Nizkd (42%) vs. vysoka hladina (58%)
TTP* - 45 vs. 14 tydnu TTP — 20 vs. 29 tydnd
HR 4.8, p <0.001 HR 0.6, p =0.261
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Micochova et al., Oncotarget, 2016



MikroRNA jako prediktivni biomarkery u kolorektalniho karcinomu

Klinicka studie RASMIR

Racionalni indikace anti-EGFR terapie v prvni linii lécby pacientu s
metastatickym kolorektalnim karcinomem a nemutovanym onkogenem
KRAS/NRAS na zakladé molekularniho prediktoru miR-31-5p

Akademicka klinicka studie
Masaryktiv onkologicky ustav (Q3/2018)

metastaticky
kolorektalni karcinom + CETUXIMAB

nemutovany KRAS/NRAS NizKA
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— i
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Spolupracujeme na vyvoji CE IVD diagnostické soupravy se spolecnosti Generi Biotech
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VYUZITi MIKRORNA V DIAGNOSTICE A LECBE KOLOREKTALNIHO KARCINOMU

MIKRORNA JAKO TERAPEUTICKE CILE

MODELOVA STUDIE 3
Charakterizace miR-215 jako terapeutického cile u kolorektalniho karcinomu
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MIiR-215 expression levels are decreased in colorectal cancer tumor tissue

MODEL STUDY 3

11

MiR-215 IS A POTENTIAL
THERAPEUTIC TARGET IN CRC
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MIiR-215 as therapeutic target in colorectal cancer
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MiR-215 is involved in regulation of CRC cell proliferation
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MiR-215 induces G2-arrest and increases apoptotic rate in CRC cells

E

Percentage of cells

()

Percentage of cells

HCT-116""*
80._
60_.
40_
T miR-215
20 -
N |

G2/M

mm CTRL 10nM pre-miR-215 10nM

HCT-116""*
20 - T miR-215 1 miR-215

k% s

L e

= i |

early apoptosis late apoptosis

mm CTRL 10nM pre-miR-215 10nM

PARP (117 kDa)

o= T
— cleaved PARP (89 kDa)

S G | (-tubulin (55 kDa)

F

Percentage of cells

H

Percentage of cells

DLD-1

1 miR-215

G2/M
mm CTRL 10nM pre-miR-215 10nM

G1 S

DLD-1
57 1 miR-215
IR,
051
00 ,

T
early apoptosis late apoptosis
mm CTRL 10nM pre-miR-215 10nM

PARP (117 kDa)

an aub
— | cleaved PARP (89 kDa)

B-tubulin (55 kDa)

Vychytilova et al, Oncogenesis, 2017



MIiR-215 attenuates migration of CRC cells in vitro
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MiR-215 inhibits tumor growth in vivo HCT-116
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MiR-215 inhibits tumor growth in vivo

RKO

MOCK

miR-215

HCT15

MOCK

miR-215

)
A

weight of tumor [g]
° ° ° °
° o N w
£
%
o
%s
-
W
s
H

O
~—

nnnnnnn

of tumor (mm?]

) HCT-15

0.8
F p=0.001
Tos
o
£
5
- 0.4
o
=
°
202
H

0.0

+ »
N &

HCT-15

volume of tumor [mm’c
~ a o
S s 2 -
o S S s S
o
%
2
%,
©
i
)
o
o
N



MIiR-215 inhibits tumor metastatic spread in vivo

HCT-15
miR-215 MOCK miR-215 MOCK

Figure 4: Metastatic model of CRC - intrasplenic injection
of tumor cells. Left — livers of mice injected with HCT116 +/+
cells transfected with miR-215. Right — livers of mice
injected with HCT116 +/+ cells transfected with scrambled
oligo.
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What is the mechanism of miR-215 anti-cancer functioning?

WHAT ARE miR-215 TARGET mRNAs???
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Are EREG and HOXB9 targeted by miR-215?
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Is miR-215 tumor suppressive miRNA in colorectal cancer?

\ HOXBO (TF) l

\ EREG (ligand) 3\
{ miR-215 / l

EGFR (receptor)
hyperactivated
in colorectal cancer

l ,

PROLIFERATION, SURIVAL,INVASION

Vychytilova et al, Oncogenesis, 2017

MiR-215 is a tumor suppressor involved in colorectal cancer

pathogenesis and potential therapeutic target for replacement
microRNA therapy.



Development of innovative polymeric delivery system for miR-215 mimic
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Figure 5: Scheme of conjugation of miRNA-SH passenger strand to the thiol-reactive semitelechelic
homopolymer through the disulfide bond.
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Figure 6: Scheme of conjugation of miRNA-SH passenger strand to the thiol-reactive multivalent
copolymer through the disulfide bonds.



MikroRNA jako terapeutické cile

Miravirsen (SPC3649) miR-122

Miravirsen, anti-miR-122

ACAAUGGUGUUUG-3' miR-122
GttAcC- § Miravirsen

HCV RNA

(SPC3649)
A New Treatment Targeting Hepatitis C

Delivering on the promise of RNA medicines today

i



VYUZITi MIKRORNA V DIAGNOSTICE A LECBE KOLOREKTALNIHO KARCINOMU

MODELOVA STUDIE 1

DXscore zalozené na sérovych miRNA umoznuji ¢asnou a neinvazivni detekci
kolorektalniho karcinomu a muUze tak zvysit pocet pacient( diagnostikovanych
v dobre IécCitelnych Casnych stadiich onemocnéni

MODELOVA STUDIE 2

Tkanova mikroRNA miR-31-5p umoznuje predikovat léCebnou odpoved na cilenou
|é€bu proti receptoru EGFR a mUZe tak prispét ke zlepseni |écebnych vysledkl
u pacientl s metastatickym stadiem onemocnéni.

MODELOVA STUDIE 3

Cileni miRNA predstavuje slibny terapeuticky pristup pro pacienty s kolorektalnim
karcinomem, pricemz rada miRNA terapeutik je v rGznych stadiich preklinického
vyvoje a nékterd z nich jiz vstoupila do testovani klinického (faze 1/2).
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