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Biologicky material uzivany pro ucely molekularni mediciny

Tkan — nativni vs. fixovana
- chirurgicky resekat, biopsie

Formalin Fixed Paraffin-Embedded tissue (FFPE)

Cerstva tkan — s tkani je tfeba zachazet velmi opatrné, po odbéru se mize snadno poskodit

Tekuté fixacni Cinidlo — vzorek musi byt umistén do 10% formalinu (formaldehyd) -> zména konfigurace bilkovin, véetné
enzymU (6-24 hodin v zavislosti na velikosti a typu vzorku tkdné)

Dehydratace etanolem — opakované ponoreni tkané do ethanolu o zvysujici se koncentraci, kterd konc¢i 100% koncentraci
ethanol

Cistici prostfedek (xylen, isopropanol) — vytésnéni etanolu a odstranéni tuku z tkané (ztéZuje pronikani vosku)

Parafinovy vosk — v této fazi lze tkan napustit parafinem o teploté kolem 60 °C a poté ji nechat vychladnout, aby ztuhla a
dala se snadno rozfezat na rezy



Biologicky material uzivany pro ucely molekularni mediciny

PIna krev (plazma + buriky) >
Plazma (tekutina po odstranéni krevnich elementd, obsahuje faktory hemokoagulace) F ‘ Jis

Sérum (tekutina nad sraZeninou, bez faktor( krevniho srazeni)
Moc
Mozkomisni mok

Kostni dfen, bronchialni aspirat, ejakulat,
bronchoalveolarni lavaz, kloubni tekutiny,
mozkomisni mok, sputum, stolice, vytéry...

Banky biologického materialu

archivace vzork( v parach kapalného dusiku pfi teploté -160° C
K archivovanému vzorku nativni tkané
ulozen fixovany parablok=morfologicky korelat




Biologicky material uzivany pro ucely molekularni mediciny

Masarykuiv onkologicky Ustav & RECETOX

BioPharma Hub
Preklinické centrum a centrum molekularni mediciny Masarykovy univerzity

Biobanka — planovana kapacita 171 tis. vzork( pri -160 °C a 93 tis. vzorku pfi -70 °C

pHcbi




Odber klinického materialu

Vsechny odbéry musi probihat stejné, a cely proces musi byt prisné kontrolovan!
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DNA 4°C
Zaznamendni casu podvdzdnicév  RNA -70°C
Tzv. ischemické zdrzeni

Vysoké naroky na stabilizaci pfedevsim pfi praci s RNA
Nejcastéji pouzivane stabilizacni Cinidlo RNAlater
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Laserova mikrodisekce — nastroj k ziskani vybranych bunéénych populaci

laser capture microdissection (LCM)

(healthy cells) (healthy cells)

(tumour cells)

.....




Izolace nukleovych kyselin

Homogenizace tkané (ultrazvuk, mechanicka, rotor-stator)
Lyze bunék (enzymaticky-proteinaza K, chemicky-SDS, EDTA, fyzikalné-zahtivani...)
RNA méné stabilni nez DNA!
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Spektrofotometricka kvantifikace a Cistota nukleovych kyselin
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Roztok dvouretézcové DNA ma pfi 260nm absorbanci 1 pfi koncetraci 50ug/ul 10 =
. v v s 7 Ve . Ve . 7R3 = = = =400 ngful in water L
Roztok jednoretézcové DNA ma pfi 260nm absorbanci 1 pfi koncetraci 30ug/ul : 7 % o+ 200 il
. v v 7 7 Ve . Ve . 'r. 100 ng/ul in water
Roztok jednofetézcové RNA ma pfi 260nm absorbanci 1 pfi koncetraci 40ug/ul . T 50 ngpinweter [
g / \', —400 ngfulin TE
g 6 - 7 ——200ngilinTE [
kS lo»u!.nugnm Sereen | Gran Repory | Metirament pamame 12019/2007 8.43 AN _tm_] 'g 5 i '\ » 100 ngl’plm TE |
:g;-g;?g Siank | Brint Report | Bhow Repart user n-u‘:’“ % p ‘o‘ ——50 nghulin TE
: . * 0 Y
:::. ) ®ateh Index 0 ‘1- 20 \N‘_‘.
i 508 | = \\ N
i‘w ) =m0 Abm. 48032 0 Ny ‘ |
- A-263 98 mm path 3008 0O 0O 0O 0O 0O 0O Q 9 © O 9 9 O 9
et SEXREARRAZES232
T:, 2esn2e0 tee wavelength
e.op- J W0230 LTS 3
Ol Do 2o WMo b v o e He s s sl s ngAul 394 .4
x Na " . °'}4"’"Y =3 r Wavalo: E
"ODrqp, Ve PN T S 25
& &0\31()\ 2® XS o 5 S
9\\6‘00‘\‘* "?\\ X ‘§0 0(\60 Q“e'\,bo\ Q\OQ § 2
Pt T & <d 3
>
21,5
Proteiny maji diky aromatickym aminokyselinam absorpéni maximum pri 280 nm ;g ; ‘
Pomér A260/A280 se ma u nekontaminované DNA pohybovat v rozmezi 1,8 az 2,0 g ‘
m |
Pomér A260/A230<1,7 indikuje kontaminaci chaotropnimi solemi a fenolem 5 3 ‘
e
v}

vy et 0 50 100 150 200 250
Nanodrop ND1000 — umoziuje kvantifikaci pouze v 1ul vzorku mnozstyi dsDNA v 1 mi (ug)



Spektrofotometricka kvantifikace a Cistota nukleovych kyselin
krivky z Nanodropu
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Fluorometricka kvantifikace nukleovych kyselin
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Integrita nukleovych kyselin i
Agilent Bioanalyzer 2100 iy | RIN9a B
Agilent TapeStation 2200 ... = S—— — H
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80% rRNA
10-20% tRNA
1-5% mRNA




Fluorescence

Integrita nukleovych kyselin
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Integrita nukleovych kyselin

DIN — DNA integrity number

A Increasing degradation
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Vliv integrity RNA na analyzu expresnich profilu
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Jako minimalni RIN vzorku

¢ =0,4412 ug/ul ¢ = 0,2412 ug/ul byla stanovena hodnota 7.
A260/A280 =1,93  A260/A280 = 2,03

A260/A230=1,79 A260/A230 = 1,82 RIN = RNA Integrity Number (0 — 10)



Nekodujici RNA

- Protein-kddujici geny zastupuiji 2 % genomu

- 90 % genomu je aktivné transkribovano

- Srostouci komplexitou organismu narusta podil nekédujicich RNA v jeho genomu

Homo sapiens

Drosophila melanogaster

Caenorhabditis elegans

Arabidopsis thaliana

Saccharomyces cerevisiae

Escherichia coli

Mycobacterium tuberculosis

Archaeoglobus tulgidus

Sana et al.; J Transl Med (2012)
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Klasifikace RNA

Transkriptom

Proteinkodujici RNA Nekodujici RNA
2% 98%

Provozni ncRNA Regulacni ncRNA

/\

Kratké ncRNA Diouhé ncRNA
<200 nt >200 nt

linear RNA
circular RNA

rRNA
tRNA

snRNA
snoRNA




Nové tridy nekodujicich regulacnich RNA

; Symbol Characteristic Disease / biological function associations
m mIRNAs  18-25 nt; account 1-2% of the human genome;  initiation of various disorders including many,
= 100000 - = control the 50% of protein-coding genes; guide  if not all, cancers / regulation of proliferation,
g suppression of translation; Drosha and Dicer differentiation, and apoptosis involved in human
dependent small ncRNAs development
=
B Small interfering siRNAs 19-23 nt; made by Dicer processing; guide great potential in diseases treatment /
2 80000 -
= RNAs sequence specific degradation of target mRNA posttranscriptional gene silencing mainly
Q. through RISC degradation mechanism; defence
'E; against pathogenic nucleic acids
’g 60000 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
o g Y g
3 | the germline and somatic cells bordering the development, stem self-renewal, and
;' germline retrotransposon silencing
S 40000 - Small nucleolar snoRNAs 60300 nt; enriched in the nucleolus; in association with development of some cancers /
o
2 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
20000 -+ 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  ralationship with diseases has not yet been
0 - short capped transcripts discovered / involved in the regulation of the
O N 0 OO © - N 0 & 1N © N 00 O O Transcription tIRNAs ~ ~ 18 nt ; have the highest density just transcription of P’9te'"‘C°d'”9 genes by
8§ 8888383 s s 388 3838 38 8 initiation RNAs downstream of transcriptional start sites; show  targeting epigenetic silencing complexes
N N &N & & & & & & N & N N N N patterns of positional conservation; preferentially
. . located in GC-rich promoters
¥ microRNA ¥ microRNA & cancer Centromere repeat crasiRNAs  34-42 nt; processed from long dsRNAs relationship between crasiRNAs and diseases has
associated small not yet been discovered / involved in the
Sana et al. Journal of Translational Medicine 2012, 10:103 interacting RNAs recruitment of heterochromatin and/or
http://www.translational-medicine.com/content/10/1/103 !I('DRL;\F;I'\SILAAET?OFNAL MEDICINE centromeric proteins
Y Telomere-specific  tel-sRNAs ~ 24 nt; Dicer independent; 2-O-methylated at relationship between tel-sRNAs and diseases has
small RNAs the 3' terminus; evolutionarily conserved from not yet been discovered / epigenetic regulation
protozoa to mammals; have not been described
REVIEW Open Access in human up to now
Pyknons subset of patterns of variable length; form expected association with cancer biology /

Novel classes of non-coding RNAs and cancer
Jiri Sana'?, Petra Faltejskova'?, Marek Svoboda' and Ondrej Slaby'*** > 160_kra’t citova’na

mosaics in untranslated and protein-coding
regions; more frequently in 3' UTR

possible link with posttranscriptional silencing

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

Sana et al.; J Transl Med (2012)
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M i k r O R N A Translat:onal control Subcellular localization Stability

\

Polyadenylation

Am:sense RNA / ‘ \
3 S e

Protein
. complex

- Jednoretézcové nekddujici RNA molekuly (18 — 25 nt)

r Halrpm IRES

- Posttranskrip¢ni regulace genove exprese

- Jednotlivé miRNA mohou regulovat az stovky

cilovych genu

- Jeden gen muze byt regulovan vice miRNA

- Geny kdédujici miRNA jsou €asto klastrovany | "
_ 5 UTR 3’ UTR
(klastr miR-17)
- Geny miRNA jsou lokalizovany v mezigenovych
oblastech, v intronovych oblastech nebo antisense miRNA rodiny

retézcich znamych genu miRNA family members can be very similar eg let-7 family:

- Vysoce stabilni molekuly -> vhodne mmuTLSETIA  USASEUAGUAGGUUGUAUASUY
mmu-let-Tb: UGAGGUAGUAGGUUGUGUGGUU

. . - mmu-let—Tc: UGAGEUAGUAGSUUGURUGGEUU
biologicke markery mmu-let-7d: AGAGGUAGUAGGUUGCAUAGUU

] mmu—let—Te: UGAGGUAGGAGEUUGUATAGUU

- Deregulace nékterych miRNA pozorovana u mnoha mmu-let-7f: UGAGGUAGUAGAUUGUAUAGUU
mmu-let-Tg: UGAGGUAGUAGUUUGUACAGUU

mmu-let-Ti: UEAGGUAGUAGUUUGUECTEUU

nadorovych onemocnéni



MikroRNA - biogeneze

MIRNA gene / intron
Transcription [ RNAPol I1/ 111
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Sana et al.; Intech (2012)

Sana et al., 2011, modified
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IsomiRNA

»Zpracovani prekurzorovych struktur enzymy Drosha a Dicer neni vzdy identické..”

uuga a a uc . @
cagug gcg cUGUABRACAUCE GCACUGCGAAGCU gug a
(LD FeE Ferrrererr et ingnd L]
gucau cgu GACGUUUGUAGE CUGACUL l’mgg cac g
cucce c B - guaga ¢

Nespravné nasednuti enzymu — vznik sekvencnich variant respektujicich prekurzor

mMiRNA izoformy, tzv. isomiRs



Onkogenni vs. nadoroveé supresorové miRNA

ONKOGENNI MIKRORNA NADOROVE SUPRESOROVA MIKRORNA

B

J, nadorovy suppressor

Caldas et al., Nature Medicine, 2005



mikroRNA jako nadorové biomarkery

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

miR.26,Lot7 . I Shlukova analyza 540 vzorku z Sesti typu nadoru

miR-145 miR-125b,

mRA0b zalozena na expresi 137 miRNA

Nadory plic

| Nadory prsu Breast Colon Lung Pancreas ProstateStomach

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

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

Nadory tlustého
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, aa ALL
| ‘ \ miR-17-92, miR-10a,miR-10b
/ 1 | : Let-7 miR-29 miR-155
' \ Leukémie miR-124a,miR-204 miR-181

N (CLUALL)
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| \ !
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Slaby, Svoboda (Eds.) MikroRNA v onkologii, Galén, 2012

Volinia, Calin, Croce, et al. 2006 PNAS



mikroRNA v télnich tekutinach

Cerebrospinal Fluid
Tears miR-577 I
Saliva miR-637
miR-26a miR-200c¢ ' miR-450b-5p |
miR-96* ! miR-203 ¥/ miR-518¢* "/
miR-135b* miR-205 '+ miR-583
miR-141 ' miR-208b miR-622 !
miR-145* 1 miR-381 miR-658 * Perotoneal Fluid
miR-182* I/ miR-431%" X fel
miR-1228 miR-29b-1* 1 miR-223 ¢ miR-627 "/
miR-129* ! miR-583 '/
7 Semen
Breast Milk i// ~  miR-10a " miR-135b "/ miR-508-5p
e Colostum | C G miR-10b [+ miR-340 ' miR-644 1
) e — R.17 4 *(c] {b)
miR-28-5p ! miR-10b* <! Amniotic F'u‘d . miR-17 i miR 380’21' miR-SSIa'm
miR-150* | miR-18a* " J - oo AN L Siieny
miR-193b miR-130a* miR-26b ! e
miR-217 miR-192* miR-92a-1* ) Manstiua Diood
miR-518¢* [ miR-193b* miR-363 \ Vaginal Secretion miR-144 "
92417 .513a-5p/  MIR-376b <! miR-185* "/
miR-924 miR-513a-5p mMiR-556-5p ‘[ miR-124.;“|,ni miR-412 1
MiR-593* "‘;:23 4 miR-451 1"
i ;
Venous Blood
s Plasma
miR‘lG 0,0 miR-ISO al ‘ i * H el i 8f. i)
miR-20a miR-185 ¥ miR-135a* miR-330-5p '  miR-518f*"
miR-106a iR-451 [+54] miR-139-3p'*"  miR-369-3p ' mIR-519d !
miR-126 1 m.R 451 n miR-182 1! miR-373 1 miR-551b
ol miR-224 ! miR-483-3p©  miR-801
miR-299-5p'"  miR-508-3p !
Silva et al., 2015 Forensic Science International: Genetics J ——



Pluvod cirkulujicich mikroRNA

@ \
Energy-free passive
leakage from broken Tissue Injury/
cells o apoptosis
Pra < e
-
A Passively leaked
) D ‘) e mIRNA
Y Coaw
/ -
Various stimull U i
e naae—
Active and selective AGO2/NPM1-associated
secretion secreted miRNA
Varlous stimull
Exosome-enclosed
secreted miRNA

Redova, Sana, Slaby, 2013 Future Oncology



Biotechnologické spolecnosti zamerené na miRNA diagnostiku

Spolecnost Typ onemocnéni Faze vyvoje
MIRXES GASTROClear Panel s 12 miRNA Nador Zaludku Dostupné

miR-29b-1-5p

miR-31-5p

miR-138-1-3p

miR-139-5p
| . . miR-146b-5p - e s %14 .
nterpace Diagnostics/Asuragen ThyraMIR/ThyGENX miR-155 Nadory slinivky a §titné zlazy Dostupné

miR-204-5p

miR-222-3p

miR-375

miR-551b-3p
Rosetta Genomics/Precision Therapeutics miRview mets Panel (neznameé) Identifikuje pivod nadoru Dostupné
Genoptix Reveal Panel (neznamé) Nador §titné Zlazy Dostupné
TAMIRNA OsteomiR Panel s 19 miRNA Osteoporéza Dostupné

ThrombomiR Panel s 11 miRNA Kardiovaskularni onemocnéni Dostupné
Hummingbird Diagnostics - Panely (neznamé) Nadory, srdce, mozek Faze |
DiamiR CogniMIR Panel (neznameé)  Alzheimer Faze |
- Panel (neznamé) Onemocnéni mozku Faze |

Mirnext - Panel s miR 423-5p Srdeéni selhani Preklinicka faze

Quanterix/DestiNA Genomics Simoa miR-122 Jaterni toxicita Preklinicka faze




mikroRNA jako terapeutickeé cile

Vyrobce Nazev léciva Cilové onemocnéni Klinicka faze Status
Santaris N o . , .
Pharma/Roche Miravirsen AntimiR-122 Hepatitida C Faze Il dokonceno

RG-101 AntimiR-122 Chronicka hepatitida C Faze ll dokoncéeno
RG-125 AntimiR-103/107 Nealkoholicka Faze | probiha
steatohepatitida
Regulus
Therapeutics REHUZ AntimiR-21 Dédiéna nefritida Faze Il probiha
Lademirsen
Autozomalné dominantni
RGLS4326 AntimiR-17 polycystické onemocnéni Faze | probiha
ledvin
MRG-106 AntimiR-155 AEETT T EIEER [T o, Faze I probiha
mykéza fungoides
miRagen MRG-110 AntimiR-92 Poranéni Faze | dokonéeno
Therapeutics
MRG-201 miR-29 mimic Keloidni jizvy / Faze I probiha

Maligni mezoteliom

EnGenelC TargomiRs mMiR-16 mimic pleury; nemalobunéény dokonéeno
karcinom plic

V

Therapeutics MRX-34 mMiR-34 mimic Rizné solidni nadory Faze | ukonéeno
Inc.




Not just a chemotherapeutic payload but delivering
ENGE functional nucleic acids too pana na EGFR

adorové bunky

= A Phase | trial in patients with end-stage mesothelioma and who had failed standard therapies was conducted with
EGFR-EDVs loaded with a microRNA 16a. The mir15/16 family is associated with unsuppressed cell growth when it is

Targomi

- EGF

-u M P weeks post commencement of EDV treatment (Kao et al., American Journal of Respiratory and Critical Care Medicine
191(12): 1467-1469 (2015); Van Zandwijk et al, Lancet Oncology (2017)

lost in malignant mesothelioma
= Despite this trial being a safety trial, those patients who completed at least one cycle of EGFR-EDV-mir16a (16 out of 22
patients) showed a clinical response and median survival was much longer than expected in this group of patients at 41

Tumor resolved after 8
weeks of EGFR-EDV-
mirl6a

Very heavy
mesothelioma

tumor burden

: A" N

avazanymi
mi protilatkami



Jaky je rozdil mezi miRNA a siRNA?

Funkce obou je regulace exprese

SiRNA je puvodem dsRNA

SIRNA souvisi s cizorodou RNA

(obvykle virovou) a je 100% komplementarni
MIRNA je pavodné ssRNA, ktera formuje
vlasenkoveé dsRNA struktury

MiIRNA reguluje post-transkripéni genovou

expresi

He and Hannon, Nature Reviews Genetics, 2004



Zakladni metodické pristupy analyzy nukleovych kyselin

Typ technologie Hlavni princip
Amplifikacni Kvantitativni PCR
Hybridizacni DNA hybridizace

Sekvenachi Sekvenovani



Real-Time PCR

nejpouzivanéjsi a nejstandardnéjsi metoda studia genové exprese

100}— | Cycle 1 - Cycle2 — -Cyclen jamky pro - pol
90— | S T naneseni
. Template delsi k@
80— | - - vzorku
i denaturation ., 2°yeo N fragmenty
60l _ o ' DNA )
Temp ! 2 smer
(oc) 50— j — symhesw migrace
40— Primers DNA
30— snnesting fragment
10— | R R kratsi v
I | | | L] | |- fragmenty konec gelu + pd
1 2 3 4 5 6 7 DNA & pol
Time (min)
LF]
. @ — @ 9
7 e =
\ t oy i vs. end-point PCR
o——=0
@ \F \ o \
Non-specific intercalation of fluorescent The probe is disrupted by the 5' exonuclease
dye (e.g. SYBR green) into dsDNA activity of Taq polymerase > The fluorescent

dye moves away from the quencher and emits
a signal.




Real-Time PCR - zpuisoby detekce

spravné navriené primery jsou komplementarni
pouze k jedinné sekvenci
P—
A B
gen gen e——

e

disledkem je vznik pouze jedinného produktuy,
do kterého je inkorporovano fluorescencni barvivo
3 ———
sS=====

|

ipatné navrzené primery jsou komplementdrni
k vice sekvencim

disledkem je vznik vice produktd, do kterych je
inkorporovano fluorescenéni barvivo

|

na amplifikaéni kfivce, jez je grafickym vystupem real-time PCR,
nelze pfitomnost vice produkti v jedné reakci rozeznat

g g
/ /
narist luarescance s p. /
s phisyvajiom podtem .’J /
/ E /
S kop# amplifikované / @ /
§ sekvence / b4 /
/ 4 /
§ /"' S /
/
= / e /
™ 3 / /
A _ .
Cyklus Cyklus

mnozstvi riznych produki v jedné reakci Ize viak rozeznat pomodi disociacni analyzy,
Jjez je zaloZena na rOznych teplotach tani (Tm) u odlidnych dsDNA sekvenci

™. pokles fluorescence \
\, edpovidajicl denaturaci \
o \  ampifikovaného @ \
§ produkiu E -,\\
M \ b N
o \ @ <3
S \ 5 Sy
E \ vl 3 \
T \, & \
R - N —

Teplota Teplota

zhasec (Z) vazany spolecné s fluorescencni
znackou (F) na sondé pohlcuje zafeni touto
znackou emitované

7N
z

N

exonukleazova aktivita DNA polymerazy
uvolni fluorescencni znacku (F) ze sondy
specificky hybridizované k cDNA templatu

DNA polymeraza



Real-Time PCR

nejpouzivanéjsi a nejstandardnéjsi metoda studia genové exprese

A

2 x 106 1

linearni
faze
exponencialni

platé faze

[ A )

15 Ct 30

Cislo PCR cyklu

threshold

i

LB

| 7% JOL TR AR =5 53

5

10

1

15 20Ct25
Cislo PCR cyklu

COvl-A-Sup, ikl )

30 35 40



. A) Vypocet relativni exprese konkrétniho genu (a)
Real-Time PCR pomoci normalizace jeho expresni hladiny
na expresni hladinu referenniho genu (ref).
absolutni vs. relativni kvantifikace =240 Cly= 2552
-AC —(Ct,—Ct,.¢)
y =-3,115x + 40,1 27 =2 :

40
R2=0,983 _ &

o n~(2438-25,32) _ 1,92

30
:3; 25| priklad: Exprese genu a je 1,92krdt vyssi neZ exprese referenéniho
b namerene Ct = 28 genu.
& 20 vypotitany log10 vstupni
o ¢ il 3 ’ 4 v e 'd
215 f’:j;‘c:?ii';gfr’:ffgtr‘; fe'? B) Vypocet nasobného zvyseni exprese konkrétniho

10 x = (28-40,1)/(3.115) genu (a) normalizovaného na referen¢ni gen (ref)

s | x=388 u zkoumaného vzorku (Z) na stejnym zptisobem
pocet templatl = 10388 normalizovanou hladinu téhoz genu u kontrolniho

1 2 3 4 5 6 7 8
log10 vstupni pocet kopii templatu Ct..x = 25,49.

Reference — obvykle néjaky housekeepingové geny -BACt _ 5 (Clag =Clregz )~(Clax ~Clyc )

jsou aktivni ve vSech burikach zajistuji zakladni funkce 0-(24,38-25,32)-(2698-2549) _ 5-(-243) _ 5 39
bunécného metabolismu: = =)
syntéza nukleovych kyselin a proteosyntéza,transport zivin a

.y.. h . y bi y té P tosk Iy ¢ ’ pl GAPDH Normalizovand exprese genu a ve zkoumaném vzorku Z
jejich zpracovani, biosynteza cytoskeletu a organel ( ! je 5,39krdt vy3si neZ stejnym zplsobem normalizovand

HPRT1, ACTB, B2M,....) exprese téhoZ genu v kontrolnim vzorku K.



Vztah integrity RNA a Ct prahového cyklu

{Rotor-Gene - BlotA_R - [Raw Channel (Cycing A FAM/Sybe)]
= Fe Aoduds Run Gan e Window  Heb

bovine WBC total-RNA

amnl lﬁ & © ||[[arotor-Gene -BitA_B .. [Elceosof powermain: -[v.. | o DR R ‘




Real-Time PCR specificka pro konkrétni mutace

Different labelling of the specmc probes binding to wild-type and mutated allele

‘\-\\_A
BRAFW! Q 9 ! BRAFV600E Q 9
" (0, 5 e (o s
) , T—A—C—A—G—T—G—A—A—A—T - ._ T—A—C—A—G—A—G—A—A—A—T . ¥
Y'Y >( 4 )( - )( Y X 4 X
5 /\ \A—T—G—T—C—A—C—T—T—T—A/\‘ .5 .5 \N\ A-T—G-T—C—T—C—T-F-T=A A 5'

BRAFW! ? |
C—A— BRAFW!
A—C—A—G—T— A—A—A—T C—A—C
/ X A—C—A—G—T—G—A—A—-A-T . 3
T—G—T—C—A—C—T— o s A\ /\ y /(X :
A-T—G—T—C—A—-C—T—T—-T—A 5
Primers

Fluorescence
Fluorescence

PCR cycles PCR cycles
Signal only from the wild-type alelle (homozygote) Signal from both wild-type and mutated alelle (heterozygote)



Analyza mutaci v genu EGFR pomoci Real-Time PCR

= - P > N AL, o -
B rrrraaiihades cobas® 4800
cobas EGFR Plasma P1 Test Report
Sanotnn 5 Map2tR0 10 5 30 AR D asee
s SACZOTIIENCH JTNA Barpie Prep KD W1 | ADIN15375K00 1M
Bard No T 50% Lt/ ap Daty F130! /Cueaiyt
Teowt v 191 EQFR Mat Towt o2 HI-20 61 AT MAAKINO
Ciowtatsr Latrarage =t R O P N0 basil 4800
Prvtnd By Latrearager
Run name 200825-EGFR HS 26-MAY-2020 10:51 Sohes BAER Fllet
Hint ey "A0-Asg- 2030 130T 98 MWEID MOS8
Sy CACIOINIMOT SN Samcie P BHD #1 | AZ2F2MIANMOORY
SermNo | 3400 S4043 Lnt £ Eap Cute FI030) N T3
Tew manzn Y EGER Mt Tond 3 K040 §1 IATF 250072000
- o Cowaty ) L3t Eap Dt P20} Sep X0V
~W.{ Laperanager

Run name 200827-EGFR-plazma-AK 27.AUG-2020 1301

Exon Mutations detected Mutation report call
18 G719A, G719C, G7195 G719X
19 29 deletions Exon 19 deletion — Nderoe
Cpeater ) . . EvEmES ATt i~ b R
20 T790M T790M ome st
S768l 5768 ol tenm
Cobanl® 4000 scfhves 230 VN 2OM
5 insertions Exon 20 insertion 006 E0FH 1S 26 MAY-03 1081 Paga ot 1
21 L858R (2 variants®) L858R

EGFR, epidermal growth factor receptor; PCR, polymerase chain reaction.
*2573 T> G; 2573_2574TG > GT.

CONANE 3800 sxtaaim i TTha 2020 s



Analyza mutaci v genu EGFR pomoci Real-Time PCR

C .J— T7%0M / D, Tr90M /

C Osimartinit | S Osimertinid EGF, TGF-a, Amphiregulin ‘ ‘
! -y "R - y
—‘L -2 -
b ] .~ 3 d
-~ 1 4~ Censered ial - - O Celi membrane ' I Extracelivlar domain
hiog S Suams ‘[ rvmcro- , T —
1 1: T790M+ & Osimertini o 1: T790M+ & Osimertinie | _ @Dt Wl vy comain
.g | ! H OSimertinid e P :LasﬂR ;P|
E o6 1 '§ o | -/ \3
- >
s | s L /
2 T7908+ & No osimertinib -1 RAS
| l—] PI3K JAK1/2
i h " | [
* q ° [ (o |
=
LTINS 10 Ooimenib /M‘_J | ERK |—i[ BIM | [ STATZ |
0.2 3: T79084- & No osimertinib 02+ e
MEK NF-xB
- J: T790M- & No Osimertinib T
mTOR
ERK o | [ Apoptosis |
004 084
3 & & & & I B T PR TR - }
Overall survival (months) Brain metastasis-free survival (months) Cell proliferation, cell motility, cell-cycle progression, survival

Osimertinib se pouziva k Ié¢bé lokalné pokrocilého nebo
metastazujiciho nemalobunécného karcinomu plic, pokud jsou

=1
nadorové bunky pozitivni na mutaci T790M v genu kdédujicim ‘ \
EGFR nebo na aktivacni mutace EGFR. Mutace T790M muZe byt lAm\\wg‘
de novo nebo ziskana po |é¢bé prvni linie jinymi inhibitory =

tyrozinkinazy EGFR, jako jsou gefitinib nebo erlotinib.



Real-Time PCR arrays

- TagMan Low Density Array (ThermoFisher Scientific)
- 80 ng celkové RNA
- 730 miRNA
- microRNA Ready-to-USE PCR panels (Exigon)
- 40 ng celkové RNA
- 752 miRNA
W

te KT reactor, mo wih Tochan
Urreersal POR Master M aed 209 tn
A IO




High resolution melting (HRM) — analyza tani s vysokym rozlisenim

Normalized Meilt Gurves g - \l 1

L L L L L LL SR H
i SEE i 1S

:\

s P R YE

1 CIT & G/A

rge
(0.5, avg. of 1.0C) ANNNN NN

2 CA&GT Large 20% 2
(0.5, avg. of 1.0°C) i 3
3 C/G Small 9% ! .| L s
(0.2-0.5°C) i ‘
4 AT Very small 7% o
(<0.2C) %
| W
Table 1. Human Single Nucleotide Polymorphisms (SNPs) Occurrence and T. :f Vs 5 i
el e —— <~
HRM can detect all SNP classes R 2 R R R
wad -~
Wid typas x R Wit types
" (C cllele) \ (C ciielo)

(1 clieia)
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(1 alake)

; » Mutants
Ll

Heterozygotes
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Analyza metylacniho stavu promotoru pro gen MGMT pomoci HRM
Bisulfitova konverze - EpiTect Bisulfite Kit (Qiagen)

Alela "A" (metylovana) Alela "B" (nemetylovana)
ACTGCGGACGTAGCCTGGATAGCGCTA ACTGCGGACGTAGCCTGGATAGCGCTA
NH TGACGCCTGCATCGGACCTATCGCGAT TGACGCCTGCATCGGACCTATCGCGAT
2
A Bisulfitova konverze
c| = [U]"
/g AUTGCGGAUGTAGUUTGGATAGCGUTA AUTGUGGAUGTAGUUTGGATAGUGUTA
N (@] l":li @) TGACGUUTGUATUGGAUUTATUGCGAT TGAUGUUTGUATUGGAUUTATUGUGAT

Metylacné nespecificka PCR
High-Resolution Meiting analyza

Tm "A" (°C) > Tm "B" (°C)

High-resolution melting (HRM) analysis - LightCycler 480 High Resolution
Melting Master kit (Roche)
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90,000 - *-\ 3 54529 [\ g
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0.000 £ s / | |
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s A0 000D+ ol / \ / \
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3 £ 1w N\ Dy N |
o) i I~ % )
%5 methyhited DNA 15029 . \ . \ \
i a9, ’ N — GBM sample
0000 e\ .
W : . 8
0,000 et
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Analyza metylacniho stavu promotoru pro gen MGMT pomoci HRM

Pacient A

Pacient B

R elative Signal (%)

Relative Signal (%)

Normalized Melting Curves
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Umlceni genu MGMT a pFinos temozolomidu u pacientu s glioblastomem

H H Unmethylated
Wt H 40~ MGMT Methylated
3 promoter MGMT

promoter

o}
Il

~CH
N/C\C/N HS
N St — {ﬂ o "
HIN - C§~/C\N/ / 2
R

Probability of Overall Survival (%)
?

P<0.001
0 T T 1 1
0 6 12 18 24 30 36 42
Temozolomid
(TMZ) Of-methylguanin Months

No. at Risk
MGMT Unmethylated 114 100 59 16 7 q 1
Methylated 92 &4 64 46 24 7 1

paruje se s thyminem
Hegi et al., 2005 The New England Journal of Medicine



Reverzni transkripce

- Prepis RNA do cDNA (vyssi stabilita)
- Katalyzovano reverzni transkriptazou (retroviry)
- reverzni transkriptazy vyuzivaji retroviry (napf. virus Rousova
sarkomu, virus lidské imunodeficience - HIV)
- Primery: random (hexamery), oligo-dT, specifické

T MRNA —— RNA
oligo(dT)n primer naseda na 3" polyA konec mRNA T random(dN)6 primer naseda na nahodnou T
FETSTRTErar komplementarni cast RNA P l
TTTTTT NNNNNN
AAAAAA
syntéza cDNA fetézce < R TTT syntéza cDNA retézce < T
reverzni reverzni
transkriptaza transkriptaza

AAAAAA

MNNENEENEEEEEEEENEEEENNEEERENREEN) NNNNNENENEENEENERERRRERER
TTTTTT cDNA NNNNNN cDNA




Reverzni transkripce - mikroRNA

rr-r mikroRNA

stem-loop primer naseda T 7 N\ mikroRNA 3" konec mikroRNA je
na 3’ konec mikroRNA ' ™ TTTTT] kH nejprve polyadenylovan
l l\\‘—-"/“:‘ l

P~ oligo(dT)n primer prodlouzeny na T

- \"‘. 5" konci o oligo(dN)n naseda na

syntéza cDNA fetézce ¢———— @ il -\ /,l‘ polyA sekvenci TTTTTT
reverzni
transkriptaza
o~ AAA
- \‘«‘ syntéza cDNA fetézce «+————

NEENEEEESEEEENENNENENANENEE TPTTT

) W 4 .
S reverzni
/ transkriptaza
4
{

po denaturaci mikroRNA/cDNA hybridniho retézce (1) ;.-/ po'dosyntetizoyéni cDNA lfomplementérm' k sekven‘ci
a stem-loop primeru (2) je cDNA fetézec dostateéné / mikroRNA vznikne cDNA fetézec dostatecné dlouhy,

dlouhy, aby mohl byt amplifikovan pomoci PCR / aby mohl byt amplifikovan pomoci PCR

I RS

@T / ¢DNA LU
> \ l¢
cDNA \__“/




