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Epigenetické faktory ovliviauji expresi genu

EPIGENETIC MECHANISMS Q) METHYL GROUP
are affected by these factors and processes: ' :
* Development (in utero, childhood) > =S m
* Environmental chemicals N _
* Drugs/Pharmaceuticals / /
7 ?/ /r DNA methylation
/M/ d : | Methyl group (an epigenetic factor found
\_,7/ in some dietary sources) can tag DNA
. \ and activate or repress genes.

CHROMOSOME

* (de)methylace DNA

* modifikace histoni — proteiny s kladné nabitym
nabojem reverzibilné vazané na DNA

* mikroRNA

Lee RC, Feinbaum RL, Ambros V. Cell 1993;75(5):843-54.
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Ribonukleové kyseliny (RNA)

 Messenger RNA (mRNA) (kddujici) — prenos informace
— matrice pro vznik bilkovin — podil genomu

1.5-2%
* Malé nekddujici RNA (sncRNA — small non-coding
RNAs), podskupina mikroRNA (objeveno pres 2 tisice)

Funkce mikroRNA:

- regulaci genové exprese

- vyvoj embrya tkani a organu
- udrzovani homeostazy

- patogeneze onemocneéni



mikroRNA reguluji expresi genu

+,zralé” mikroRNA - jsou jednovlaknové
retézce o délce 22-24 nukleotidt
- jsou senzitivni k vnéjsim faktorum

(/Myﬂ

Lee RC, Feinbaum RL, Ambros V. Cell 1993;75(5):843-54.



Uvodni informace o mikroRNA

Skupina mikroRNA byla identifikovana v
genomech rostlin i zivocichu (konzervovane
mikroRNA)

Predpoklada se, ze geny pro mikroRNA
predstavuji asi 1-2 % vsech predikovanych
genu.

mMikroRNA vznikaji transkripci z genu v DNA,

ale nasledné nedochazi k jejich translaci v
protein.



Funkce mikroRNA

* Na podklade komplementarity bazi se
vazou na mRNA

N

* brani prekladu cilové mRNA do
bilkoviny nebo inicijuji degradaci
cilové mRNA



Funkce mikroRNA
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Novak J, Soucek M. Vnitf Lék 2016:62(6):477-85.



mikroRNA

* Mnozstvi mikroRNA molekul v bunkach se
radikalné lisi podle typu bunék, vyvojoveho
stadia - mUzeme nalézt od nékolika kopii az po
5000.

 Mnozstevni zastoupeni vypovida o aktivité
mikroRNA v daném kontextu — predpoklad
praci studujici mikroRNA u ruznych nemoci.
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Funkce mikroRNA

e I nebo J mikroRNA vede k ® nebo {
embryogeneze, organnogeneze

* Vztah mikroRNA k fyziologickym déjum: krvetvorbe,
sekreci inzulinu, vyvoji nervové soustavy

e Vztah nékterych mikroRNA k nadorovému bujeni,
kardiomyopatii,..

 Moss EG. MicroRNAs: hidden in the genome. Curr Biol 2002; 12(4):R138-40.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Moss EG[Author]&cauthor=true&cauthor_uid=11864587
http://www.ncbi.nlm.nih.gov/pubmed/11864587

y2tkanove specifické” mikroRNA

* Exprese v urcité tkani az 40x zvysena

* Pritomnost v cirkulaci muze odrazet poskozeni
organu



mikroRNA jsou v télnich tekutinach

Méné stabilni nez
tkanové/nitrobunécné

mikroRNA
Sample Median total RNA concentration, gug/L (interquartile range) Number of detectable miRNAs
Amniotic fluid 370 (354) 359
Breast milk 47 240 (73 180) 429
Bronchial lavage 1128 (886) 260
Cerebrospinal fluid 111 (66) 212
Colostrum 585 (NA) 386
Peritoneal fluid 775 (343) 397
Plasma 308 (104) 349
Pleural fluid 470 (190) 210
Saliva 1945 (2493) 458
Seminal fluid 17770 (7673) 436
Tears 364 (631) 320
Urine 94 (129) 204

Weber et al Clin Chem 2010
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Extracelularni (cirkulujici) mikroRNA

V télnich tekutinach: plazma sérum, mog, sliny, pot

Do obéhu se dostavaji pasivné pri nekroze bunék, aktivni transport
z bunék

Zajistuji mezibunéénou komunikaci
Jsou stabilni, konstantni hladiny, podobné u jedincl téhoZ druhu
Stanoveni hladin je reproducibilni

Hladiny extracelularnich mikroRNA se lisSi mezi nemocnymi a
zdravymi jednoho druhu

Hladiny odrazeji poskozeni, zmény ve vnitrnim prostredi

Komplex s proteiny apoptoticka téliska, , exozomy, mikrovezikuly,
lipoproteinové Castice

Biomarkery nemoci nebo poskozeni organu, prediktivni hodnota,
mediatory mezibunécné komunikace



mikroRNA - biomarker

* Onkologie — miR-141 Ca prostaty
* DM s ischemii DKK - ¢, miR-126
* PAH u systémoveé sklerodermie

* Prediktivni faktor: > miR-15 IM pro srdecni
selhani

Mitchell PS et al. Proc Natl Acad Sci USA 2008; 105(30): 10513-10518.
Zampetaki A et al. Circ Res 2010; 107(6): 810-817.
Hullinger TG et al. Circ Res 2012; 110(1): 71-81.



Funkce mikroRNA

jedna mikroRNA cili na vice mRNA ruznych
orotieinu

jedna mRNA je cilem vice mikroRNA
— regulacni siteé




Funkce mikroRNA

jedna mikroRNA cili na vice mRNA ruznych
orotieinu

jedna mRNA je cilem vice mikroRNA
— regulacni sité
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miRNA count: 38589 entries

Latest miRBase blog ts

miRBase 22 release By sam (March 12, 2018) | | Release 22: March 2018

After repeated and unreasonable delay, miRBase 22 is finally released. As you might expect with such a long gap, the number of sequences in the database
has jumped significantly — by over a third. The vast majority of the increase comes from new microRNA annotations in species not previous represented in

Search by miRNA name or keyword
the database. Indeed, there [...]

High confidence miRNA set available for miRBase 21 By sam (July 3, 2014) mir-124 | Go || Example |
As mentioned previously, we briefly held off from releasing the set of “high confidence” miRNAs for miRBase 21, because of a last-gasp bug. Those data are mmu-mir-124-3

now available, tagged with the label “high confidence” on the entry pages, and for download on the FTP site. The total number of miRNAs labelled “high

confidence” has increased [....] cel-mir-124

dme-mir-124

miRBase: the microRNA database hsa-mir-124-1
hsa-mir-124-2
miRBase provides the following services: hsa-mir-124-3

cbr-mir-124a
¢ The miRBase database is a searchable database of published miRNA sequences and annotation. Each entry in the miRBase Se

presents a predicted

hairpin portion of a miRNA transcript (termed mir in the database), with information on the location and sequence of the matu mmu-m1.r-124-1 s (termed miR). Both
hairpin and mature sequences are available for searching and browsing, and entries can also be retrieved by name, keyword, MMU-mir-124-2 5tation. Al sequence
and annotation data are also available for download. rno-mir-124-3

o Tha miRRBase Redqistrv nravides miRNA aene hunters with uniane names for novel miRNA aenes nrior to nuhlication of results.
BBl Stem-loop sequence hsa-mir-124-1
[led—==L Tl MIODO0443 (change log

raa-mir-174.1

. for more information

LT [l hsa-mir-1243-1
B Lt HGNC:MIR124-1
[y 0oLl Homo sapiens miR-124-1 stem-loop
[ T EL T MIPFOD00021; mir-124

Community

=il This text is & summary paragraph tsken from the Wikipedis entry entitied mir-124 microRNA precursor family. miRBase and Rfzm are facilitating community annctstion of microRNA families and entries in Wikipedia. Resd mors ...
annotation

The miR-124 microRNA precursor is a smal non-coding RNA molecule that has been identified in flies (MIO000373), nematode worms (MIOD00302), mouse (MIO0D00150) and human (MI0000443). The mature ~21 nucleotide microRNAs
are processed from hairpin precursor sequences by the Dicer enzyme, and in this case originates from the 3' arm. miR-124 has been found to be the most abundant microRNA expressed in neuronal cells. Experiments to alter expression
of miR-124 in neural cells did not appear to affect differentiation. However these results are controversial since other reports have described a role for miR-124 during neuronal differentiation.

Show Wikipedia entry [l View @ Wikipedia jEdit Wikipedia entry
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22673 reads, 409 reads per milion, 47 experiments

AGGCOUCUCLCUCOG! ACCUUGAULLAAALIGUCT CACE
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(o), 1i% <L Tl Annotation confidence: high
Feedback: Do you believe this miRNA is real? | res (+39) || Mo (-10) || Leave comment |




Genetic interaction networks for
MRNA/microRNA pair candidates.

O Differentially expressed miRNAs in RASFs
@ Up-regulation of gene expression in RASFs

@ Down-regulation of gene expression in RASFs

Song Y], et al. PLoS One 2015;10(9):e0137551


https://www.ncbi.nlm.nih.gov/pubmed/?term=Song YJ[Author]&cauthor=true&cauthor_uid=26359667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bioinformatics-Based+Identification+of+MicroRNA-Regulated+and+Rheumatoid

Regulacni sit mikroRNA a mRNA pro infarkt myokardu
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Zhang G et al. PLoS One. 2015 Aug 10;10(8):e0135339. doi: 10.1371/journal.pone.0135339.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang G[Author]&cauthor=true&cauthor_uid=26258537
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA+and+Transcription+Factor+Mediated+Regulatory+Network+Analysis+Reveals+Critical+Regulators+and+Regulatory+Modules+in+Myocardial+Infarction

microRNA—gene network in sepsis
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MicroRNA Degree Regulation
Hsa-miR-16 101 Down
Hsa-miR-15a 94 Down
Hsa-miR-223 14 Down
Hsa-miR-122 74 Up

Hsa-miR-193b* 3 Up




mikroRNA u akutniho mozkového infarktu

Angiogeneze
let-7, miR-126, miR-143/145,
miR-206, miR-210, miR-376-5p

Nekroza a apoptéza
miR-17-92, miR-21, miR-29,
miR-181, miR-210

Zanét
let-7, miR-155, miR-181, miR-223

Meurogeneze
let-7, miR-29, miR-103, miR-107, miR-124,
miR-130a, miR-145, miR-181, miR-200c,
miR-210, miR-223, miR-320, miR-424
Biomarkery
let-7, miR-16, miR-17, miR-21, miR-29b,
1 miR-30a, miR-124, miR-126, miR-145, miR-210,
miR-221, miR-223

Ateroskleroza
miR-17-92 , miR-21, miR-29a/b, miR-33,
miR-122, miR-126, miR-143/145, miR-146,
miR-155, miR-210, miR-223

Hypoxie
miR-21, miR-210

A
S

Volny O et al. Cesk Slov Neurol N 2016; 79/112(3): 287-293



RNA interference

* Technika, ktera vyuziva malé vnesené dsRNA molekuly.

e aplikace malych dsRNA molekul (short interfering
(si)RNA, short hairpin (sh)RNA) = cilend miR -
silencing cilovych genu

* Vnesenim siRNA, shRNA je stanovena exprese cilového
genu, aby se zjistila mira ztlumeni.

 Pomoci RNA interference je mozné zkoumat funkci
genu, signalizacnich a metabolickych drah, testovat
efekt |éCiv a rovnéz vytvaret tzv. knock-down modely

Cullen BR. RNA interference: antiviral defense and genetic tool. Nat Immunol 2002; 3(7):597-9.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Cullen BR[Author]&cauthor=true&cauthor_uid=12087412
http://www.ncbi.nlm.nih.gov/pubmed/12087412

mikroRNA v lecbé nemoci

Terapie mikroRNA:
* navysit/substituovat

- demetylace DNA kédujici mikroRNA = exprese
mikroRNA; virové vektory (adenoviry);
enoxacin - aktivitu DICERu

» zablokovat — anti-mikroRNA a mikroRNA inhibitory
(na zakladé komplementarity) — RNA-interference

e Stabilizace mikroRNA —napojeni na molekulu
cholesterolu



Lécebny potencial mikroRNA

Seznam mikroRNA které jsou testovany jako potencialni terapeutické cile

Optimalizace  Pre-
Validace  vaddi Klinické

MikroRNA Indikace Spoleénost cile struktury testovini  Fézel  Fize2
TRhibien strategic
miR-122* hepatitida typu C Santaris Pharma X X X X X
R0 multiformni glioblastom Rvgulus
Therapeutics X X X
miR-21 hepatocelularni karcinom Regulus
Therapeutics X X X
miR-21 rendlni fibroza Regulus
Therapeutics X X X
miR-33a’b ateroskleroza Regulus
Therapeutics X X X
miR-208/miR- chronické srdecni selhani miRagen
499 Therapeutics X X X
miR-15/miR-195  remodclace po infarktu miRagen
myokardu Therapeutics X X X
miR-451 polycythemia vera miRagen
Therapeutics X X X
Substituéni strategic
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

Slaby O. MikroRNA v onkologii, 2010




Zavery

e Studium mikroRNA umoznuje:
* zpresnit informace o funkci genu
* nalézt nové biomarkery nemoci
* nalézt nové terapeutické moznosti v lécbé
nadordu, virovych infekci, autoimunitnich
nemoci.

* Interpretace vysledku genetickych studii
tykajicich se SNP genu jsou slozitéjsi vzhledem
k vlivu mikroRNA.
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