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Nekodujuce RNA
Non-coding RNAs
ncRNAs

R

Small ncRNAs Long ncRNAs

Arbitrarny treshold 200 nukleotidov

- ncRNA su funkéné RNA molekuly, ktoré su transkribované z
existujuceho cicav¢ieho gendmu, ale nekdduju Ziadny
protein

- 80% ludského gendmu pozostdva z nekddujucich
elementov ako si malé ncRNA (sncRNAs) a dlhé ncRNAs
(IncRNA)




Table 1
non-coding RNA classification

Abbreviation  Full name Mean size Function

long ncRNA rRNA Ribosomal RNA ~1.9kb  Essential for protein synthesis
XIST RNA X-inactive specific transcript ~17kb  Chromosome X inactivation
other IncRNA >200nt  Involved in epigenetic modification and post-
transcriptional processing
small ncRNA miRNA mature microRNA 18-21 nt  RNA silencing
siRNA small interfering RNA 21 nt RNA silencing, defense against viruses and

lf«ll]\l\n\ﬂl! .lCtl\'l[“

piRNA Piwi interacting RNA 26-30nt  Regulation of transposon activity and
chromatin state

tRNA transfer RNA 70-90 nt  translation
snRNA small nuclear RNA 100-300 nt  RNA splicing
snoRNA small nucleolar RNA 60-300 nt  RNA modification
scaRNA small Cajal body RNA 200 nt RNA modification
gRNA guide RNA 40-80 nt  RNA editing
rasiRNA repeat associated small 24-27 nt  Orientation of heterochromatin in the
interfering RNA formation of centromeres

Rosalind Lee

Discovery of small RNAs

* The first small RNA:

* In 1993 Rosalind Lee (Victor Ambros lab) was studying a
non-coding gene in C. elegans, lin-4, that was involved in
silencing of another gene, lin-14, at the appropriate time
in the development of the worm C. elegans.

* Two small transcripts of lin-4 (22nt and 61nt) were
found to be complementary to a sequence in the 3' UTR
of lin-14.

* Because lin-4 encoded no protein, she deduced that it
must be these transcripts that are causing the silencing
by RNA-RNA interactions.

* The second small RNA wasn't discovered until 2000!
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https://www.nobelprize.org/prizes/medicin
e/2024/press-release/

- malé nekddujuce RNA su intenzivne Studované a su asociované s
RNA interferenénymi drahami, ktoré spdsobuju silencing
Specifickych génov vratane ochrany pred virusmi

miRNA

- miRNAs are coded by DNA

similarly like mRNA

- miRNAs represents 1-5% of the

animal genome

- miRNAs are frequently present

in clusters forming polycistronin

units
- location of miRNA coding DNA ¢ Miton

A Intergenic Intergenic, clusterad

Excnic

sequences can be intronic or
intergenic
- miRNAs are frequently located

in an intergenic sequence or an
antisense strand of genes
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Features of miRNAS

* Hundreds miRNA genes are already identified in
human genome.

* Most miRNAs start with a U

* The second 7-mer on the 5' end is known as the
“seed.”

* When an miRNAs bind to their targets, the seed
sequence has perfect or near-perfect alighment to some
part of the target sequence.

* Example: UGAGCUUAGCAG...

Features of miRNAS

* Many miRNAs are conserved across species:

* For half of known human miRNAs, >18% of all
occurrences of one of these miRNA seeds are conserved
among human, dog, rat, and mouse.

* As a rule, the full sequence of miRNAs is almost
never completely complementary to the target
sequence.

* Common to see a loop or bulge after the seed when
binding.
* Loop/bulge is often a hairpin because of stability.

* The site at which miRNAs attack is often in their
target's 3' UTR.
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MiRNA Binding

Bulges

miRNA seed

miRNA 5
mRNA target 3"

The MRE is known as
Hairpin is more stable the “miRNA recognition
than a simple bulge element.” This is simply
the sequence in the
target that an miRNA
binds to

Regulacia transkripcie miRNA

- by their own promoter and regulatory elements

- in human, 50% of miRNAs are located within a gene sequence
and they are usually regulated by their host gene promoter

- in such case, miRNAs very often regulate their host genes

- changes in methylation of the regulatory region of miRNAs
gene — methylation reduces miRNA expression

- various physiological and pathological stimuli (e.g. steroid
hormones, estrogen, tamoxifen, interferon, hypoxia, stress
etc.) can affect miRNA expression

- hypoxia is associated with reduced Dicer expression and
global miRNA downregulation in the tumor microenvironment
- xenobiotika, e.g. chemically induced carcinogenesis, aflatoxin
B1, alcohol consumption, smoking

Co je UTR? link 2
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Activation (endogenous stimuli, xenobiotics)
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Fig. 1 Levels of requlation of microRNA expression

Levels of regulation

Transcriptional

* Me - methylation
* TF — transcription
factors

Post-transcriptional
* miR processing
* miR stability
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Mechanizmus ucinku miRNA

- interaction of their “seed” sequences of miRNA with 3’-end and
more rarely with 5-end, of mRNA transcribed from target genes
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Biosyntéza miRNA

- primary transcripts of miRNA (primary
precursor miRNA - pri-miRNA) containa 5 ~ -
7-methyl guanosine cap and poly(A) tail

- are much longer than mature miRNAs and
contain hairpin structure

- after pri-miRNA synthesis they are
processed by Microprocesor complex in the
nucleus

- mircroprocesor complex consists from
RNaselll enzyme called Drosha that cleaves
pri-miRNA in complex with DiGeorge
syndrome critical region gene 8 (DGCR8) to
generate premature miRNA (pre-miRNA)

- pre-miRNA is ~70nt long sequence with
hairpin structure and a ~30nt stem
consisting from dsRNA with 2-3ng overhang
on the 3'end

(o) %

pri-miRNA
l DROSHA
pre-miRNA NUCLEUS

pre-miRNA  » l< )
¥

duplex I

miRNA/mMIRNA*

RISC loaded
mature miRNA
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- after translocation of
pre-miRNA into the

miRNA gene %

Transcription

Hair-pin
cytoplasm it is cleaved by — |
RNaselll Dicer Claiags

- mature mMiRNA is a Endonuclease Drosha £&)
double stranded RNA helix Hair-pin
with 2-3' overhangs at both Pre-miRNA ey
3'ends Nucleus Nuclear export

Cytoplasm
| Hair-pin
Pre-miRNA 1
Cleavage by
Endonuclease Dicer I#}
Y
miRNA
Entry into RISC
Inhibition of translation
RISC ~ miRNA
miRNA
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Table 1
miRNA/mRNA interactions with strong experimental evidence supporting role in physiological function
microRNA Yaldsied Function Reference
targets
Cancer let-7 RAS { regulation of oncogene Johnson et al. 2005
miR-16 VEGF regulation of physiological or pathological Ye et al. 2008
miR-17 angiogenesis
miR-17 RND3 4 regulation of tumor suppressor gene Luo et al. 2012
miR-18a ATM regulation of apoptosis and DNA repair Wu etal. 2013
miR-21 PDCD4 + regulation of tumor suppressor genes Asangani et al. 2008;
PTEN Xiong et al. 2013;
RECK Zhang et al. 2008
miR-21 SPRY { regulation of oncogene expression Sarkar et al. 2010;
TIAMI Cottonham et al. 2010
miR- 31 RASA1 + regulation of tumor suppressor genes Sun et al. 2013;
LATS2 Liu et al. 2010b;
PPP2R2A Xuetal. 2013
RhoBTB1
miR-31 HDAC2 regulation of cell cycle and metastases in liver Kim et al. 2015
CDK2
miR-34 E2F3 regulation of tumor proliferation and apoptosis Welch et al. 2007;
miR-214 Yang et al. 2015

AGTRI - angiotensin II receptor type 1; AR - androgen receptor; ATM - ATM serine/threonine kinase; CDK - cyclin-dependent
kinase; CRY1 - cryptochrome 1; ESRI - estrogen receptor 1; E2F3 - E2F transcription factor 3; IRS-1 - insulin like growth factor 1
receptor; LARS - large tumor suppressor 2; PDCD4 - programmed cell death 4; PER - period, PPP2R2A - protein phosphatase 2
regulatory subunit B, alpha; PTEN - phosphatase and tensin homolog; RAS - retrovirus associated sequence oncogene family; RASAI
- RAS p21 protein activator 1; RasGAP - Ras GTPase activating protein; RHOBTB1 - Rho-related BTB domain containing 1; RECK
- reversion inducing cysteine rich protein with kazal motifs; RND3 - Rho family GTPase 3; SPRY - sprouty RTK signaling antagonist

2; THRAP - thyroid hormone receptor (TR) coregulator TR Associated protein 1; TIAM - T-cell lymphoma

17
Hormonal miR-18a ESRI control of proliferation of hepatocelullar carcinoma  Liu et al. 2009
regulation cells
gicance miR-22 ESRI control of breast cancer proliferation Xiong et al. 2010
miR-124 AR regulation of various type of tumor growth Shietal. 2013
miR-145 IRS1 inhibition of tumor growth Shi et al. 2007
(GIT cancer)
miR-206 ESRI control of breast cancer proliferation Adams et al. 2007
Cardiovascular miR-1 RasGAP development of cardiac hypertrophy Sayed et al. 2007
system CDK9
fibronectin
miR-126 VCAMI1 regulation of vascular inflammation Harris et al. 2008
miR-155 AGTRI regulation of renin-angiotensin system Zheng et al. 2010
mirR-208 THRAP regulation of stress dependent cardiac growth van Rooij and Olson

2009

JAGTRI - angiotensin II receptor type 1; AR - androgen receptor; ATM - ATM serine/threonine kinase; CDK - cyclin-dependent
kinase; CRY 1 - cryptochrome 1; ESR1 - estrogen receptor 1; E2F3 - E2F transcription factor 3; IRS-1 - insulin like growth factor 1
feceptor; LARS - large tumor suppressor 2; PDCD4 - programmed cell death 4; PER - period, PPP2R2A - protein phosphatase 2
Fegulatory subunit B, alpha; PTEN - phosphatase and tensin homolog; RAS - retrovirus associated sequence oncogene family; RASA1
|- RAS p21 protein activator 1; RasGAP - Ras GTPase activating protein; RHOBTBI1 - Rho-related BTB domain containing 1; RECK
I reversion inducing cysteine rich protein with kazal motifs; RND3 - Rho family GTPase 3; SPRY - sprouty RTK signaling antagonist

P; THRAP - thyroid hormone receptor (TR) coregulator TR Associated protein 1; TIAM - T-cell lymphoma
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Circadian
rhythms

miR-141

miR-152
miR-494

miR-185

CLOCK regulation of circadian rhythms

BMAL1 regulation of circadian rhythms

CRY1 regulation of circadian rhythms

miR-192/194 PER(1-3)  regulation of circadian rhythms

cluster

Kiriakidou et al. 2004

Shende et al. 2011

Lee etal. 2013

Nagel et al. 2009

v

IAGTRI - angiotensin II receptor type I; AR - androgen receptor; ATM - ATM serine/threonine kinase; CDK - cyclin-dependent
kinase; CRY1 - cryptochrome 1; ESR1 - estrogen receptor 1; E2F3 - E2F transcription factor 3; IRS-1 - insulin like growth factor 1
feceptor; LARS - large tumor suppressor 2; PDCD4 - programmed cell death 4; PER - period, PPP2R2A - protein phosphatase 2
Fegulatory subunit B, alpha; PTEN - phosphatase and tensin homolog; RAS - retrovirus associated sequence oncogene family; RASA1
I RAS p21 protein activator 1; RasGAP - Ras GTPase activating protein; RHOBTB1 - Rho-related BTB domain containing 1; RECK
- reversion inducing cysteine rich protein with kazal motifs; RND3 - Rho family GTPase 3; SPRY - sprouty RTK signaling antagonist
P: THRAP - thyroid hormone receptor (TR) coregulator TR Associated protein 1; TIAM - T-cell lymphoma

Co je funkciou enzymu drosha?
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Figure 1. miRNAs in circulation may be transferred in several ways: they can be carried by vesicles (exo-
somes, microparticles, apoptotic bodies), protein complexes (NPM1, Ago) and lipoprotein complexes (HDL,
LDL). Although numerous tissues can contribute to the circulating miRNA levels, miRNAs derived from blood
cell represent a considerable part. HDL - high-density lipoprotein; LDL - low-density lipoprotein; Ago - Ar-
gonaute; NPM-1 -nucleophosmin 1; based on the data from Wang et al. (2010a), Turchinovich et al. (2011),
Pritchard et al. (2012) and Redis et al. (2012).
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Figure 2. Two most frequent ways how to elongate mature miRNA during reverse transcription (RT). A) After polyadenylation o
3” end of mature miRNA, reverse transcription is performed with use of oligo dT primer with universal tag. Sequence of universa
tag added during reverse transcription is used in PCR for priming by universal primer. miRNA specific primer binds to ¢cDNA]
complementary to miRNA sequence. B) Stem loop primer with partial complementarity to 3" end of mature miRNA transcribeq
miRNAs specifically. Sequence of stem loop primer is used for priming by labeled probe and reverse primer. Forward primer binds
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siRNA shRNA The simplici.ty of small intcerfering siRNA
manufacturing and transient nature of
the effect per dose are optimally suited
Starting "I, e e for certain medical disorders (i.e. viral
molecule injections). However, using the

dsRNA cligo

v

Processing ST
sIRNA

Targets il
mRNA
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Gene :
suppression >:,<

DA plasmed
(RNA pol Il promoter)

¥

)

shRNA

¥

dsRNA

endogenous processing machinery,
optimized shRNA constructs allow for
high potency and sustainable effects
using low copy numbers resulting in less
off-target effects, particularly if
embedded in a miRNA scaffold.

shRNA (Small hairpin RNAs)
molecules are processed within the
cell to form siRNA which in turn
knock down gene expression. The
benefit of shRNA is that they can be
incorporated into plasmid vectors
and integrated into genomic DNA for
longer-term or stable expression,
and thus longer knockdown of the
target mRNA.
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miRNA biomarkery
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hepatomiR cACLD Study
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More Information

Study Overview
Brief Summary

This study looks to gather data on hepatomiR, a CE-certified test already intended for
gauging liver-related outcomes, in order to define a cut-off regarding specific
decompensation events (ascites, variceal hemorrhage, hepatic encephalopathy) in
chronic liver disease (CLD). Based on these data, it is aimed to advance the current
understanding of factors driving decompensation, with potential repercussions for
future risk management and therapy.

Official Title

Assessment of a hepatomiR Cut-off for Predicting Specific Hepatic Decompensation
Events in Advanced Chronic Liver Disease

Conditions @
Chronic Liver Disease and Cirrhosis ~ Chronic Liver Disease

Portal Hypertension

Study Start (Actual) @
2024-0515

Primary Completion (Estimated) @
2026-06

Study Completion (Estimated) @
2026-06

Enrollment (Estimated) @

156

Study Type ®

Observational
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Table 1. miRNA-based therapeutics in clinical trials.

miRNA-Based Therapeutics

5 . Stage in Drug
Company Name Thefpettic Detrvery Target Disease Development
Agent System i
Pipeline
Phase II clinical
» ’mjlrf h Miravirsen AHTZHZ‘IR tLNA —— PR ;““S tct o trials (NCT02452814;
harma/koche an agoml Tronic 1epa 1t1s NCT2508090)
- AntimiR- Ga_LNAC- . P o Phase II clinical
RG-101 con]ugated Chronic hepatms i ) . .
122 . trials (discontinued)
antagomiR
AntimiR- Ga_LNAC_ DiEbEHE . Phase IT
Regulus RG-125 conjugated non-alcoholic ; )
2 . 103/107 . . (discontinued)
Therapeutics antagomiR steatohepatitis
Hereditary Phase IT
RG-012 AntimiR-21 NA ?
s nephritis (NCT02855268)
Autosomal
RGLS4326  AntimiR-17 NA urosoma Phase I (on hold)
dominant
Co je funkciou enzymu dicer? Link 4
25
polycystic kidney
disease
Phase II
CTCL i
Antig. | [NAmodified - - 1;:2:8?5 . (NCT03713320;
MRG-106 antisense OIS SUYPE NICT03837457);
155 e Hee = CLL; DLBCL;
inhibitor ATLL Phase I
(NCT02580552)
ALS;
AntimiR-
miRagen MRG-107 ! 11;? NA cardiac disorders; Pre-Clinical
Therapeutics o retinal disorders
LNA Phasel
MRG-110  AntimiR-92 Wounds
o antagomiR ounds (NCT03603431)
Phase 1T
_ miR-29 Chiglesteil- Keloid; (NCT03601052);
MRG-201 . conjugated . .
mimic AR e fibrosis Phase I
P (NCT02603224)
Malignant pleural
- . MesomiR- miR-16 EnGenelC mesothelioma; Phase I
EnGenelC g T
1 mimic Dream Vector  non-small-cell lung (NCT02369198)
cancer
Mirna R34 dsRNA Solid tumours;
Therapeutics MRX-34 rrrnuim;c liposomal haematological Phase 1 (terminated)
Inc. nanoparticle malignancies
LNA: locked nucleic acid; GaLNAc¢: N-acetylgalactosamine; CTCL: cutaneous T cell lymphoma;
ATLL: adult T-cell leukaemia lymphoma; CLL: chronic lymphocytic leukaemia; DLBCL: diffuse large
B-cell lymphoma [activated B-cell (ABC) subtypel; ALS: amvloid lateral sclerosis.
26
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IncRNA

- ncRNA ovplyviiuju génovu expresu

- IncRNAs p6sobia ako post-transkripCny regulator,
ovplyviuju DNA metylaciu a remodelaciu
chromatinu ¢im vyznamne participuju na
epigenetickych regulaciach

- expresia IncRNAs je regulovana na tkanivovo
Specifickej Urovni a v zavislosti od vyvinového
Stadia

- deregulacia IncRNA byva spojena s
tumorigenézou

27

Lnc RNA

The IncRNA

/77> overlaps with
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\ tess than 1000 bp /
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- podobne ako kddujuca RNA IncRNAs sekvencia obsahuje epigenetické
znacky indikujlce, Ze mdzu byt exprimované viacerymi sposobmi

- obsahuju intréony umoziujlce alterantivny splicing

- IncRNAs mozu byt polyadenylované aj bez polyA konca a preto sa
nazyvaju bimorfické

- mozu vykazovat Siroké spektrum sekundarnych a tercialnych struktuar
- nazyvaju sa podla funkcii, ktoré vykondvaju:

- intergenic (lincRNA)

- natural antisense transcripts (NATs)

- enhancer RNA (eRNA), circular RNA (circRNA)

- promoter associated long RNA (pRNA), etc.

- IncRNAs mozu posobit na roznych trovniach génovej expresie
- vykazuju funkénu variabilitu, mézu byt prepojené s mnohymi substratmi
velmi $pecificky

- IncRNAs sa prekryvaju s kédujucimi génmi, prekryv moze byt Ciastocny,
alebo uplny

29

Chromatin
PRC2
modifying complex EED EZH2  complex
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Functions and mechanisms of IncRNA. LncRNA can guide transcription factors to
specific genomic locations for the regulation of gene expression (upper-left). LncRNA
works as a scaffold to facilitate the assembling of chromatin remodeling complexes
(upper-right). LncRNA can also serve as a sponge to titrate miRNAs out from their
mMRNA targets (lower-left). LncRNA can bind to transcription factors or other proteins as
a decoy and sequester them away from chromatin (lower-right).
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mMiRNA sponging

mRNA
- miRNA

No translation

N mRNA

Aky je rozdiel medzi INcRNA
manipulaciou génovej expresie )
pomocou siRNA a shRNA? _ AL miRNA

Translation Link &
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velké RNA
malé RNA

asRNA & IncRNA

circRNA

proteosyntéza piwiRNA

I N .

A € Interakcie s DNA, RNA a/alebo
proteinovymi molekulami
@ ovplyviiovanie ich funkcii

32

15. 12. 2025

16



Dakujem za pozornost
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