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mikroRNK kao novi dijagnosticki alati-
problemi i izazovi

Jelena Munjas
Farmaceutski fakultet
Drustvo medicinskih biohemi¢ara Srbije Katedra za medicinsku biohemiju



mikroRNK
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Biogeneza microRNK
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mikroRNK

u humanom genomu mikroRNK regulisu od 30-60% gena koji
kodiraju proteine

Vezivanje za 3' kr'qf’ iIRNK sa veéim ili manjim stepenom
komplementarnostil

1 microRNK moze da regulise ekspresiju vise od jednog gena

tfrenutni broj prema bazi https://www.mirbase.org/ je 1.917

mikroRNK ucestvuju u regulaciji velikog broja bioloskih procesa:
rast, metabolizam elije, diferencijacija, deoba, smrt éelije,

embriogeneza


https://www.mirbase.org/

Cirkulisu¢e mikroRNK
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Cirkulisu¢e mikroRNK
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Sohel MH. Extracellular/circulating microRNAs: release mechanisms, functions and challenges.
Achievements in the Life Sciences. 2016 Dec 1;10(2):175-86.



Cirkulisu¢e mikroRNK

APOPLOLIC
cell

Apoptotic bodies Microvesicles Exosomes
1~5um 100 nm ~1 ym 30 ~150 nm Lipid bilayer



Cirkulisu¢e mikroRNK

RNK molekuli se
razgraduju u sekundama
u ekstracelijskom
prostoru (RNaze)

Ekstraéelisjke
mikroRNK su izuzetno
stabilnel

Nalaze se u vezikulama
ili u kompleksima sa
proteinima

Pokazano jeda
koncentracija razlic¢itih
mikorRNK u krvi se
menja u patoloskim
stanjima, i pretpostavlja
se da mogu kao takve
sluziti kao biomarker:i!
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Cirkulisu¢e mikroRNK

Ali... vrlo malo preklapanja postoji izmedu studija
Koji su uzroci?
Preanalitika

— izbor uzorka

— priprema uzorka, vreme od venepunkcije do obrade
uzorka i zamrzavanja

— izolacija
Analitika

— kvantifikacija
Analiza podataka
— normalizacija



Cirkulisu¢e mikroRNK:
Izbor uzorka- serum ili plazma
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= miRNA
- msnRNA
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g = snoRNA
O mrRNA
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0%

serum plasma

Ge Q, ShenY, Tian F, Lu J, Bai Y, Lu Z. Profiling circulating microRNAs in maternal serum and plasma. Molecular Medicine
Reports. 2015 Sep 1;12(3):3323-30.

Wang K, Yuan Y, Cho JH, McClarty S, Baxter D, Galas DJ. Comparing the MicroRNA spectrum between serum and plasma. PLoS One.
2012;7(7):e41561. doi:10.1371/journal.pone.0041561



Koagulacija- oslobadanje mikrocestica

: activators of second messenger

soluble agonist:
% c:llagen ” = calcium ionophore
- von Willebrand factor = phorbol ester
- ADP
S s physiological agonists
- fibronectin “A = pethogens
< airatonlh ol = high shea: stress
wdhsiotinstin fach o - contact with surfaces

platelet-activating factor - low temperature

- storage

activation I

« aktivacija
koagulacije

— oslobadanje
mikrolestica iz svih
¢elija krvi

Exosomes Microparticles Apoptotic bodies
(30-100 nm) (100-1000 nm) (1000-3000 nm)



Pre analiti¢ki faktori: obrada uzorka

First centrifugation (820 xg)
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Zheng XH, Cui C, Zhou XX, Zeng YX, Jia WH. Centrifugation: an important pre-analytic procedure that
influences plasma microRNA quantification during blood processing. Chinese journal of cancer. 2013

Dec;32(12):667.



Cirkulisu¢e mikroRNK
Preanalii¢ki fakotri: obrada uzorka/zamrzavanje

Standard plasma

P1

—— Freeze/thaw
1900 x g

10 min
1 352 P

Merenje ekstracelularnin miRNA u arhiviranim
uzorcinfa kriti¢no zavisi od uklanjanja -
rezidualnih trombocita pre zamrzavanja A L i
uzoraka plazmelll FITC-A
platelet-derived MPs

Mitchell AT, Gray WD, Hayek SS, et al. Platelets confound the measurement of extracellular
miRNA in archived plasma. Sci Rep. 2016;6:32651. Published 2016 Sep 13. doi:10.1038/srep32651




Centrifuguranje

* Plazma osiromasena trombocitima
« T1x890xg  IT 1x1900xg

« T1x890xg. IT 10.000xg-16.000xg

Platelet miRNA content
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PRP Serum Conventional Plasma PPP
Leukocyte Platelet activation Residual platelets
contamination during coagulation Platelet activation during preparation



Metode za kvantifikaciju mikroRNK

* platforme zasnovane na specificnoj amplifikaciji:

— gRT-PCR
— ddPCR

7500 Real-time PCR

Real-time PCR
Kvantifikacija mikroRNK

Prevodenje mikroRNK u cDNK-
reverzna transkripcija

koriscenje standardne krive
procena efikasnosti reakcije
prisustvo inhibitora




&— WGI droplet PCR

CONVENTIONAL PCR

DIGITAL PCR

Sample 1

E)

Sample 2

Sample 3

Sample 4

No Low Medium High
targets concentration concentration concentration
_ _ Opositive _ 6 __d4 _ 70
143 total 143 143 143

Poisson corrected
6.2/143

Poisson corrected
38/143

Poisson corrected
06/143



digital droplet PCR

Apsolutna kvantifikacijal

Ch1 Pos:10977 Neg:39468 * Nema pravljenja St krive i
korisenja standardal

« Detekcija: opseg
linearnosti od 1-100.000
kopijal

« Thnibitori nemaju uticaj
kao kod Real-time PCR-al

Ch1 Amplitude

« U klini¢kim uzorcima- veéa
preciznost i dijagnosticka
korist!

* Posebno pogodno za uzorke
0 10000 20000 30000 40000 50000 sa niskim koncetracijama
Event Number (e . y
ciljnih sekvenci, kao sto su
serum i plazmal




Metode za kvantifikaciju mikroRNK

Microarray- specifi¢na hibridizacija
« veliki broj ciljnih sekvenci u isto vreme, ali losa osetljiovst,
preciznost i losa reproducibilnost

« problemati¢no poredenje rezultata izmedu razli¢itih platformi

uzorak 2

uzorak 1

RNK

Analiza
podataka

Obelezena
cDNK




Metode za kvantifikaciju mikroRNK

Metode sekvencioniranja nove generacije:

« odli¢ne, otkrivanje novih miRNK, izoformi miRNK, ali velika koli¢ina
RNK neophodna, ¢ak 1 pug!

 problemati¢no za uzorke kao $to su serum/plazma

* novi protokoli sa malom koli¢inom materijala, 5 ng, ali zahtevaju
validaciju za svaku vrstu uzorka

 priprema biblioteke
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Analiza podataka

Normalizacija:

« koristi se da bi se izbegla

greska nastala pri izolaciji DIFEICULT “ap(KE (N*

uzroka, reakcijama reverzne SAMPLES EXDGENOUS —>
transkripcije CoNTROLS
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* egzogene kontrole: spike in, c.
elegans 39-3p

https://www.youtube.com/watch?v=pSBG4c79Y_U

* nema konsenzusa oko toga koje
kontrole koristiti i koliko ih je
dovoljno



Ongoing projects

COST Action: CA21153 - Network for
implementing multiomics approaches in
atherosclerotic cardiovascular disease
greven’rion and research (AtheroNET)

WG3: Standardization and harmonization of
research

HORIZON-MSCA-2021-SE-01-01 - MSCA

Staff Exchanges 2021
CardioSCOPE: Comprehensive and

personalized assessment of acute coronary
syndrome by multiomic approach and
artificial intelligence strategy; WP4



https://cordis.europa.eu/programme/id/HORIZON_HORIZON-MSCA-2021-SE-01-01/en

Razvoj lekova na bazi miRNA

microRNA modulatori:
CDR132: oligonucleotide-based lock nucleic acid miR-132-3p inhibitor

Heart
Failure MIR-132 PCR KIT
Y i i USED IN ONGOING
MoekY HF-REVERT PHASE 2
» CLINICAL STUDY

Cardiac
remodelling

Pathological
hypertrophy

yw remodelling ; 1

+ Improves cardiac function

+ Reduces adverse remodelling

« Alleviates fibrosis and
cardiomyocyte hypertrophy

Tdubel, J., Hauke, W., Rump, S., Viereck, J., Batkai, S., Poetzsch, J., Rode, L., Weigt, H., Genschel, C., Lorch, U., Theek, C., Levin, A. A., Bauersachs, J., Solomon, S. D., &
Thum, T. (2021). Novel antisense therapy targeting microRNA-132 in patients with heart failure: results of a first-in-human Phase 1b randomized, double-blind,
placebo-controlled study. European heart journal, 42(2), 178-188. https://doi.org/10.1093/eurheartj/ehaa898



RNA interferencija, miRNAs vs. male
interferirajuce RNA
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Terapija male interferiraju¢e RNK- small
interfeing RNA, siRNA

« ONPATTRO® (patisiran), GIVLAARI® (givosiran), OXLUMO®
(lumasiran), Alnylam® Pharmaceuticals

« LEQVIO® Inclisiran, Novartis ®, Alnylam® Pharmaceuticals

FDA APPROVES
FIRST RNA-BASED
THERAPEUTIC

Patisiran is the first
clinical treatment for
polyneuropathy of
hereditary
transthyretin-mediated
amyloidosisin adult
patients.




LEQVIO® Inclisiran

N-acetylgalactosamine
(GalNAc)-conjugated
SIRNAs

Inclisiran

Double-stranded
siRNA

3
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