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Microarray sample processing workflow

RNA User \
RNA quantitationiQC ‘/l Nanndrop

Agilent Bioanalyzer

Q Bioinformatics

Scan

Hybridization

Fluidics Station
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“If your experiment
needs statistics, you
should have done a
better experiment.”

Ernest Rutherford

“There are
three types of
lies: lies, damn
lies, and
statistics!”

Benjamin
Disraeli
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Analyza obrazu

Odecteni pozadi od , foreground”

— background substraction

(griding,local background, median, empty spot,...)
-prevod obrazové informace na numericka data

Background .
Scratches Dust particle signal Pixel
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Gene Expression Arrays: Scatter Plot

Two fold line
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Normalizace dat

ukazky normalizacnich metod wo P

-minimalizace vlivu ,nebiologickych” zdroju variability '

-kompenzace nelinearity dat mezi jednotlivymi Cipy

a uvnitr daného Cipu

Pozitivni kontroly: " e
Referencni geny s , konstantni” expresi ve tkanich
kontrolni geneticky material (referencni vzorek)
kontroly ucinnosti hybridizace — artreficialni sekvence

Negativni kontrola: Mean, median normalization

-pozadi hybridizace e —=——= =1 |
-Affymetrix - mutace v jednom soli i g MR
nukleotidu sondy ¥ojaTreor| BoTereeT
v+ - + B 4 - i
X1 X X X X8 X1 X3 % X Xa
arrays arrays
Subtract common mean or median:
old values: y,;, — logs( R, /G,i) on array i
) .
Lnew values: Yy — Ygi —Mean; J
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Normalizace dat Cy3 a Cy5

vybalancovani rozdilného signalu ze
znaceni Cy3 a Cy5

Jeho nerovhomérnost muize byt
zplUsobena:

-rozdilnou inkorporaci barviva do NK
-rozdilnym mnozstvim mRNA
-odliSnymi parametry pri skenovani
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Normalizace Lowess: princip

Loess (or lowess) : Locally WEighted Scatterplot Smoothing (vyhlazovani)
Normalizace zavisla na intezité signalu

Mistni linearni regrese
log(R/V) — log(R/V) —c(A)

Desired curve

P H ] L 3 4
B . . ‘ / logR/V-c(A)
i i. ™ ¢ * E " : - E i : 2
i os | i ¥ | o o ¥ L R
i 1 - ﬁ o/ LA . ﬁ . * . .
i'-' i b= =
Local ]I'll:l.l‘l‘l:g;l‘tﬂ'lll A=(logR+logV)/2 ] A=(logR+logV)/2

Before normalization After normalization
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Statisticka analyza dat

Zakladni déleni metod je na ,,supervised” (klastrovaci metody) a ,,unsupervised”
(identifikace biologicky vyznamnych gend, klasifikaéni metody)

Dalsi skupina metod propojuje informaci o genové expresi s dostupnymi informacemi
o biologické funkci gent (analyzy signdlnich drah, informace z databaze GO ,gene
ontology“, a dalsi)

1) Identifikace biologicky vyznamnych genli

-geny s reprodukovatelnou signifikantné rozdilnou expresi
mezi jednotlivymi podminkami experimentu

-pomér exprese v jednotlivych experimentech (fold change)
-t-test (test rozdilnosti priimérd exprese v jednotlivych
skupinach)

-neparametrické testy (Mann-Whitney, Wilcoxon test)
-Significance Analysis of Microarrays (SAM)
-Multifaktorialni ANOVA (nejsignifikantnéjsi geny

pro dané skupiny)

Hranice vyznamnosti (1% = 1 ze 100, u Cipu je to 200 faleSné pozitivnich z 20000,
Bonferoniho korekce)
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2) Ukazky multidemenzionalnich metod analyzy cipovych dat
Shlukovaci analyzy

Shlukova analyza je jednou z nejpouzivanéjsich
vicerozmérnych statistickych metod

Jedna se o explorativni techniku, ktera se pouziva zejmena
v pripadech, kdy nemame zadne a priori znalosti o strukture
uvnitr dat.

kazdy gen je reprezentovan vektorem jehoz souradnice, jsou hodnoty exprese
genu Vv jednotlivych experimentech (v jednotlivych vzorcich), vzdalenost je
mérena mezi vektory nebo centroidy

Ukolem shlukovacich metod je tedy najit v datech skupiny prvki (shluky) tak, Zze prvky
jednotlivych skupin budou v jistem smyslu vice podobné nez prvky z jinych skupin, tzn.
nalezené skupiny prvkl budou co nejvice homogenni

Snazime se nalézt mezi zkoumanymi geny (resp. biologickymi vzorky) skupinky genu
(resp. biologickych vzorku), ktere vykazuji za specifickych podminek nebo u daného
fenotypu, podobné chovani.
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Clustering methods

!
! I

‘ Hierarchical l Non-hierarchical
) l e.g K-means, SOMs

v v

Agglomerative Divisive

Single linkage
& Single linkage clustering  Complete linkage clustering  Average linkage clustering  Centroid linkage clustering
Complete linkage
A\ferage |mkage Cluster-1 Cluster-1 Cluster-1 Cluster-1
O
Centroid linkage
@,
Gene A
Agglomerative i Divisive
clustering Gene B clustering O
Gene E
Step 1 Q
Step 1 Sana(He By ORI} Cluster-2 Cluster-2 Cluster-2 Cluster-2
Gene (o, = NI <—_
Step 2
cene (x5 [N <—_ Step 2 Object in a cluster Centroid of a cluster
@] (may be a gene or a m—  Distance between clusters @  (may be centroid of a gene
S“e “‘;- 2; € sample expression profile) or a sample expression profile)

Step 3
Gene (A,B)
Gene C
Gene (D,E)

Step 4

Gene A
Gene B
Gene C
Gene (D,E)

Step 5

Gene A
Gene B
Gene C
Gene D

Gene E
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-kalkulace vzdalenosti mezi vSemi geny a nalezeni nejmensi.
K ni se seskupi vSechny ji podobné a vytvori se klastr.

-po vytvoreni X poctu clusterl se hledaji vzdalenosti mezi
klastry (hierarchical clustering)

-pocet klastri neni omezen

O O O —._I;-_ll a ] . 0.0 3.0

(] w
=l =l

Vzdalenost mezi jednotlivymi klastry

A

1
O O

2 o
1
4

]
dy:
dy:
dpa

Dendrogram

Podobnost je vyjadrena hierarchickym stromem —

2 8 & @ B B
e ] o |
Dobréa prognoza DFS>36m Spatna progndza DFS<36m

dendrogram s teplotni mapou ,heat-map“
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Klastrova analyza u karcinomu prsu
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Centroidové metody - K-means

minimalizovana vnitroshlukovad variabilita a zaroven
maximalizovand mezishlukova variabilita

estart s nahodnou pozici predem O
definovaného poctu K-centroid( % o:
eopakovany pohyb centroidd,
dokud nedosahnou stability a ° ®
nezahrnou veskeré prvky o® % X
systému ® ° o

O

O

opakovani =0
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Centroidové metody - K-means

estart s nahodnou pozici predem @
definovaného poctu K-centroidl 0:
eopakovany pohyb centroidu, X
dokud nedosahnou stability a ° ®
nezahrnou veskeré prvky .i %
systému ® o
O
O

opakovani = 1
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Centroidové metody - K-means

estart s nahodnou pozici predem O
definovaného poctu K-centroid( )(:
eopakovany pohyb centroidd,
dokud nedosahnou stability a ®

nezahrnou veskeré prvky 5‘
systému ® O

y .)e.

O

opakovani = 3

Strana 12 © Ondfej Slaby, 2009




Uvod do molekuldrni mediciny 4/12

3) Klasifikacni metody

Jejich podstatou je znalost informace o charakteru vzorku tzn. supervised pristup.
Principem klasifikacnich metod v analyze dat z DNA CipU je vytvoreni rozhodovaciho
pravidla, ktere by na zakladé namérenych hodnot genové exprese umoznovalo pfirazeni
pacienta do jedne z predem definovanych tfid (napriklad zdravy, nemocny). Z toho je
zfejmé, Ze by se ,, dobré” rozhodovaci pravidlo zaloZzené na expresnich datech mohlo
zaradit po bok stavajicich diagnostickych metod a vyrazné tak prispét ke zpresnéni
diagnostiky zavaznych onemocnéni (klasifikani stromy, Support Vector Machines
(SVM), metoda k-nejblizsich sousedd,..)

MOLEKULARNI KLASIFIKACE NADORU: Difate Large 5o Lymahoms (DLBCL)
precizni klasifikace je zakladem lécebného

uspéchu, soucasné metody jsou zalozeny -

na morfologii, imunohistochemii, genetice

a klinické odpovédi acBousa, sscoLscL

‘Geeminal Center dhctivatad
B-Cail-liks OLBCL B Gl ks DLBCL

rada diagnostickych nejasnosti (heterogenita)

v
. Cedl ol Gemninal Center Post-Germinal Center
. Erigin BCel BLel

-identifikace novych jednotek na podkladé a2 Coretussschabon
profilu genové exprese i I
-reklasifikace stavajicich jednotek Qi rmos: Sl A
-identifikace skupin ¢i jednotlivych genut N — -

,markert” specifickych pro dané jednotky
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Predikce metastatického potencidlu u pacientek
s casnymi stadii mamarniho karcinomu

’ AGENDIA
Van’t Veer et al. (Nature, 2002)
o
. Vs s v . o S'.-r‘ﬂl:-ﬂl rifixn
96 sporadickych mamarnich karcinomu ramosl ol g s j-l
- .
Labeled éﬂm 2"3.""'?35"
tumor cOA Salem
ar cRKA l"ﬁk_—}"ﬁr [ 3
: o779
Labaled “#E8
conitred cOMA i&
of cRRA '1'#
Lo

46 pacientek se Spatnou
progndzou (do 5 let

se nevyvinuly vzdalené
metastaze)

50 pacientek s dobrou
progndzou (do 5 let

se nevyvinuly vzdalené
metastdze)

|

5852 genu se signifikantnim
rozdilem v expresi mezi skupinami

70 genU nejvice korelujicich s klinickym
stavem pouzila pro klasifikaci
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PROTOKOL KLINICKE STUDIE ,, MINDACT“

(Microarray In Node negative Disease may Avoid ChemoTherapy)

Pacientky s karcinomem prsu: T1-3NOMO

Registrace do studie, rebiopsie tumoru a odeslanim vzorku nativni

tkané do centra studie

Stanoveni progndzy pacientek (riziko relapsu choroby):

1. “randomizace” pacienta

1. klinicko-patologicky prognosticky systém (Adjuvant OnLine)
2. 70-genovy prognosticky profil genové exprese tumoru

Rozpocet ~ 20 mil. EUR

Porada sit
TRANSBIG
40 instituci 21 zemi

Zarazeni 5000 pacientek
v prvnich 3 letech

Oba prognostické systémy
vyhodnotily nizké riziko casného
relapsu choroby

Vysledky obou prognostickych
systéml jsou ve vzajemném
rozporu

Oba prognostické systémy
vyhodnotily vysoké riziko
¢asného relapsu choroby

2. randomizace pacienta

Chemoterapie:
NE ANO

l

A 4

3. randomizace pacienta
Chemoterapie:
A) s antracyklinem
B) s kapecitabinem/docetaxelem

Hormonoterapie

ANO: ER+

Strana 20
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Schema: TAILORx

Roche AmpliChip CYP4350

Approved for clinical use in US and EU

Gene variations of CYP2D6 and CYP2C19
— Metabolism of ~25% of all prescription drugs

— Determine phenotype:
poor, intermediate, extensive, or ultrarapid metabolizer

Intended to be an aid for physicians
— Individualized treatment and dosage
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Node Negative, ER Positive Breast Cancer
o

Banlki N
an<ne Breast Cancer Assay

| .
= |--oncotype DX
|

RS < 10 RS 11-25 RS > 25
Randomize Chemotherapy
Hormone Rx +
VS. Hormone Rx
Chemotherapy
+ Hormone Rx

Hormone
Therapy

Hﬁgi.&:r ry

Primary study group

www.amplichip.us
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MikroRNA: biomarkery a potencialni terapeutické cile v onkologii

mikroRNA: nova uroven regulace genové exprese
mikroRNA cCipy

Really?!
Who are you little thing?
The son of a new genetics?

| am very small
and non-coding!

But | can do a big job
in your cells!

Size doesn’t matter!

&

MicroRNA

MessengerRNA

Cinzia Sevignani 2005
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ProcC se zabyvat vyzkumem mikroRNA?

2500 H

Frands a‘-a?ffm Leslie Mlmic:Ig ::m Guo m‘dmphuu mnudﬂ:?og:upatuu Search Key Words:
Orgel proposed that RNA working with petunias discovered that dsRNA Max Planck Institute of _— "
was the first information discovered gene could lead to gene Biophysical Chemistry » 2000 - O0"miRNA
molecule. silencing. silencing while working discovered that siRNA 2
g e S B"miRNA + Cancer”
in mammalian cells. el
S 1500 -
E
-- E 1000 7
1970 1990 1995 2000 “6
# 500 -
1972 1990-1992 1998
Harry Noller proposed the role The Human Genome Project Andy Fire and Craig Mello 0 -
mmmlmfwmfh * nformation began to gene ;I.I':n::; :.".3'..'3'.:"
- l— = 5 STFLTLLS LS
8 M R 2 i i
Year

Nature Biotechnology 21, 1441 - 1446 (2003)

17.10.2009 PubMed - ,,MicroRNA AND Cancer” - 5101 odkazu
,,MicroRNA“ — 13293 odkazl
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ProcC se zabyvat vyzkumem mikroRNA?
The colorectal microRNAome

A MicroRNA Signature Associated
Jardan M. Cummins®, Yiping He*, Rebecca ), Leary*, Ray Pagliarini®, Luis A, Diaz, Jr.}, Tobias Sjoblom!, Omer Barad®, whT i i
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Kenneth W. Kinzler!, Bert Vegelstein™!, and Victor E. Velculeseu! 1t in Chronic Lymphocytic Leukemia

PHAS | March 7, 2006 | wol 103 | no 10 | J6B7-3692
Gearge Adrian Calin, B.D. Ph.D. Manuela Ferracin, PR.D.,
Amelia Cimmino, M.C., Ph.Dv, Gianpiero Di Leva, Ph.D.,
fasavoshi Shirmze, B.5, Svlwia B Weacik, M .5c, Marileaa ¥, lona, Ph.D

A microRNA Expression Signature ﬂf human Rosa Visone, Ph.D), Nurettin lfer Sever, Ph.D., Muller Fabbri, W.D,

Yodolfo luliang, Ph.D., Tiziana Palumba, Ph.Dv, Flavia Pichiorri, Ph.D.

solid tumors defines cancer gene targets audis Roldo, M.D., Rariro Garzon, M0, Ginza Sevignn, PO
Laura Rassenti. Ph.D. Hansjuerp Aldes Ph.O. Stefana volinia, PhD
Stefano Volinia*™, George A, Calin®?, Chang-Gong Liu®, Stefan Ambs®, Amelia Cimmino®, Fabio Pefrocca®, Chang-gong Liu, Ph.D., Thomas ). Kipps, M.D., Ph.D.
Rosa Visare®, Marilena borio®, Claudia Roldo®, Manuela Ferracin®, Robyn L Proeitt?, Nozumu Yanaihara®, Massime Megrini, Ph.D, and Carle M, Croce, M.D
Giovanni Lanza®, Alde Scarpal, Andrea Vecchione®*, Massine NegriniT, Curtis C Harris!, and Carlo M. Croce*t WEWEL MED JEET W RN 00E  coTomeR 37, 00;
FNAS | February 14, 2006 | wol 103 | no 7 | 2257-2161
MicroRNA Gene Expression Deregulation in Human Breast Cancer MOIec“Iar cancer Bloled Ceniral
Marilena V. Torio,' Manuela Ferracin,’ Chang-Gong Lin,' Amgeln Veronese,” Riceardo i,
Silvia Sabbioni, Eros Magri,' Massimo Pedeali” Muller Fabbri' Manuels Campislio, : Open Access
Sybvie Ménard,’ Juan P Palazzo, Anne Bosenberg,” Piero Musiani.” Stefano Volinda,' RE:/IEW . . .
Talo Nenci,” George A, Calin, Patrizia Querzoli, Massimo Negrin,” and Carlo W, Croce’ MicroRNAs in colorectal cancer: translation of molecular b|0|0gy
Carscer Ries 2005; 65: (18] Augual 1. 205 into clinical application
Ondrej Slaby*t1.2, Marek Svobodat!, Jaroslav Michalek? and

Rostislav Vyzulal

[Ebccteeimibcal ared Ebopdvysica ] Reseanch Coamim onbeaions 385 (2009) 1-5

T Laboratory/Clinical Translational Research

i il Oncology Oncology 2007:72:397-402 Received: August 10, 2007
P e Biochemical and Biophysical Research Communications PO JoJ150/000113489 :::,T.‘:‘hi.‘f::%:::ﬁiii.‘;ﬂs,m
e il
journal hameapage: www_ alsavier com/flocatefybbre
b ered Expression of miR-21, miR-31, miR- an
Mini Review Altered E f miR-21 R-31 R-143 and
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ProcC se zabyvat vyzkumem mikroRNA?

o

Craig Mello na slavnostnim banketu po udileni Nobelovych cen za rok 2006.
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Biogeneze a funkce mikroRNA

ANA D D

Gene JOODTOTODOL
1. Transkripce miRNA genu
M 2. pri-miRNA jsou zpracovany
pomoci RNaz Drosha a
Pasha
F"’e'miRNAE 3. pre-miRNA exportovany
Nucleus pomoci Exportinu 5 do
cytoplazmy
: o 4. Zpracovani pomoci RNazy
Dicer
MIRNA:
miRNA* IO _m
duplex l Unwind
eref YrrrrTTTTT .
% —
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microRNA: licensed to kill messenger

5. Aktivni vlakno je inkorporovano do Biogeneze a funkce mikroRNA
komplexu RISC

6. Represe translace nebo degradace mRNA v
zavislosti na mire komplementarity

mMiRNA: v v SIRNA
miRNA* i I duplex

duplex l Unwind l

%%

/ \

Asymmetric RISC Some
assembly MIiRNA

/ RISC \ lRIsC
Ribosome /\
Target
\_/ MRBNA
Ofl3 RSC  RISC RISC
Translational repression mRNA cleavage /
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Jaky je rozdil mezi miRNA a siRNA?

e Funkce obou je regulace exprese
e SiRNA je plivodem dsRNA
e siRNA souvisi s cizorodou RNA

(obvykle virovou) a je 100%
komplementarni

e  miRNA je plvodné ssRNA, ktera
formuje vlasenkové dsRNA struktury

e  miRNA reguluje post-transkrip¢ni
genovou expresi

He and Hannon, Nature Reviews Genetics, 2004
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Zakladni fakta o mikroRNA

miRNA poprvé popsal Ambros a kol. (1993) u C. elegans (lin-4)

Priblizné 3% predikovanych lidskych gen( jsou geny pro miRNA (pfiblizné 1000 miRNA)
miRNA maji potencidl regulovat asi 1/3 kddujicich gen(

Nékteré miRNA jsou kddovany vice nez jednim genem

Geny kédujici miRNA jsou casto klastrovany (klastr miR-17)

Geny miRNA jsou lokalizovany v mezigenovych oblastech

v intronovych oblastech nebo antisense retézcich znamych genu

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

mmu-let—Ta: UEAGGUAGUAGGUUGUATASTT
mmu-let—Tk: UTEAGGUAGUAGGUUGUETEEUU

a b { c
mmu-let-Tc: UGAGGUAGUAGGUUGURUGEUU
mmu-let-T7d: AGAGGUAGUAGGUUGCRUAGUU _’_gg %
mmu-let-Te: UGAGGUAGGRGGUUGURULGUU R gg _"g
mmu-let-7f: UGAGGUAGUAGLUUGURUAGUU e o E
mmu-let-T7g: UGAGGUAGUAGUUUGURCAGUU Etonlasn
mmu-let-7i: UGAGGUAGUAGUUUGUGCUGUU I,D“*' l l,
(T miANA duplex T =TT
Mg _:ﬁi[%mr o oo |
One strand incorporated into RizC - %
f Tumor suppressor gene 5" ¥
RIzC l
Targm_@_ _@ 5 Mgy SW%\?
mANA i
mRNA Translation =

cleavage inhibition {Tumor suppressor gene expression tOncogene expression 3
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Real-Time PCR — modifikovana TagMan technologie ke kvantifikaci miRNA

RT primer
LD T

miRNA

Step 1:
Stem-loop RT

e e e e e
kIIIIIIIIIIIIIIIIIIII '
cDNA

Step 2:
Real-time PCR

Forward primer

-_
Reverse
primer

TagMan probe
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mikroRNA cCipy

Hybridizacni Cipy — analogicka technologie jako u DNA cipu
Ambion, Exigon, Agilent, Affymetrix,

Invitrogen NCode e —
NI ot =
Real-Time PCR Cipy | ase B
Applied Biosystems N I
Low density arrrays (LDA) L =
microRNA array verze 2.0 (panel A+B)

QuantiMir, SABiosciences, miRANDA

\AAAAAAAL

LDA mikrofluidni desticka (384 miRNA)
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Vyznam mikroRNA v nadorové biologii
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Calin et al., PNAS, 2004

Priblizné 50% miRNA genl
se nachazi na fragilnich
castech chromosomd,
jejichz ztrata nebo

amplifikace je Casto
detekovana u nadorovych
onemocnéni.

Napr. miR-15a a miR-16a jsou
lokalizované v oblasti 1314, casto
deletované u CLL



Vyznam mikroRNA v nadorové biologii

Rozdilné expresni profily mezi nadorovou a nenadorovou tkani

Breast Colen Lung Pancreas ProstateStomach

Hybridize

Label miRNA and Analyze

Isolate miRNAs

I .I\ LR b \

\ o W 5 1 200 \

\ B \\ T\ L RERL Y
B UL 9990 )
f g i . . / 5 LAY /

/ / / ! /
/ Iy / Cy3 Labeled miRNA /
/ /

ool

uuuuuuuuuuuuuuu

B e i T :
LR Ny 15
AT R EEE Y T |

Ca il
o A L= [ ]

Volinia et al., PNAS, 2006

Shlukova analyza 540 vzorkU Sesti druh(

e . , ., Zlutd znamena zvysenou
solidnich nadoru a pfislusnych nenadorovych tkani. y

expresi oproti kontrolnimu
(nenadorovému) vzorku




Vyznam mikroRNA v nadorové biologii

miRMNA s viastnostmi

Funkce miRNA ve zdravé tkani nadorového supressoru

Pre-rmiRNA

Ty
------ B Pasha a \\‘—\
Drosha '

] Pri-miRNA|
Jt

D@J G& Onkoprotein

% Nidorovd transformace:
#bunédny st a proliferace

Ydiferanciace

Yapaptaza

|4 ,L.:*f _hf“f jf”ﬂ

-+

Slaby et al, Cas Lek Ces.,2008

MWFFH‘—LTW

s vlastnostmi onkogenu



Vyznam mikroRNA v nadorové biologii

Tabulka 1: Prehled nejstudovanéjSich miRNA s onkogenni nebo nadorové supresorovou funkci

Potvrzené cilové

Lokalizace @ OG/TS Nadorové onemocnéni Reference
molekuly
miR-15a | CLL, mnohocetny myelom, lymfom
miR-16-1 13q14 TS BCL2 z bunék plasté, karcinom prostaty 9,23, 24
miR-143 ERKS - VI
miR-145 5q32-33 TS ” | kolorektalni a mamarni karcinom 10-14
rodina let-7 rizné TS RAS | karcinom plic 15, 16
miR-34a 1p36.23 TS E2F3 | neuroblastom 21
miR-21 17q23.2 0G nepfimo BCL2 1 glioblastom, mamarni a 10-14, 22
kolorektalni karcinom
skupina miR-17-92  13q31-32 0G E2F1, PTEN, TGFBR2 1 diftzni velkobunécny B-lymfom, 9,37
karcinom plic
i 1 Burkittav, Hodgkinlv a }
BIC/miR-155 21921 06 ATIR difiizni velkobuné&ny B-lymfom 2527
miR-372 1 testikularni nadory
?
miR-373 ' oG LATS2 z germinalnich bunék 22
miR-221 I . Crie e s
miR-146b ? oG ? 1 papilarni karcinom §titné zlazy 18
11 - zvySena resp. snizena hladina dané miRNA v nadorové tkani oproti prislusné nenadoroveé tkani ¢i burikam
OG - onkogen, TS - tumor supresorovy gen, CLL - chronicka lymfocytarni leukémie
ERKS - extracelularnim signalem regulovana kinaza 5, PTEN - fosfatazovy a tenzinovy homolog
TGBFR2 - receptor typ 2 pro transformujici rastovy faktor, AT1R - receptor typ 1 pro angiotenzin I/
LATS2 - large tumor supressor homolog 2 (inhibitor cyklin dependentni kinazy 2)

Slaby et al., Casopis lékaiti ¢eskych, 2008
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Zapojeni mikroRNA do Vogelsteinova modelu kolorektalniho karcinomu

COLORECTAL
CARCINOMA

DMNA damage
tmin13s B
@ emm

Oncogenic stress

_{ SMADZ/3
UL @ @ F SPAADA

B-catenin O @@

METASTASIS

nucleus

< |
Transcription ON

Sl
ol ==1

effects
~ ol cone @‘l [
ECM

" 4 e
Fopdini2 breakdown
@ Suppressed X EMT
= 1 Proliferation \I/ apoptosis l{ T Survival promotion

—_— L

T Proliferation

T METASTASIS

Slaby et al, Molecular Cancer, 2009
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Vyznam mikroRNA v

nadorové biologii

a
Maly pomocnici ve sluzbach strazce genomu -
ﬁ} rodina mikroRNA-34 a p53
£45%  Gysd Pomoci exprese miR-34 (a-c) lze rozlidit
ERV PSR £ . . , vy g g
cuSsdnphththhh wt a p53 deficientni bunécné linie
A tttataletety
EEEEEEZEZEITTTTITTT
= L1 ID’)I IO’JEV)I |
ceEEEEEEd444884¢ iy : . .
_ miR-34b Zvysena exprese miR-34 (a-c) je spojena
‘:[ miR-34c , vv s
miR-34a se zastavou bunécného cyklu
Fold change NN
0.2 1.0 4.8
b RRRCWWGYYY RERCWWGYYY miR_34_a ai C jsou pOd pFI,mou
GGGCTTGCCT GGGCTTGTTC s v
‘ transkripcni kontrolou p53
l mir-34a
hsa-mir-34a —ED— V=i | =
100] l ; Le H, Nature, 2007
soletfies | M —_— 0.5 kb
RRRCWWGYYY RRRCWWGYYY
AGGCATGCCT AGACATGAAC
hsa-mir-34b/34c ——% E / mtj’b m:’:;—j;lc —
100
G
. ’T i —
0.2 kb



Vyznam mikroRNA v nadorové biologii - FFPE

MikroRNA nepodléhaji degradacnim procestm pfi fixaci formalinem
a archivaci v parafinovych bloccich tak vyznamné jako mRNA

= ZPRISTUPNENI BOHATYCH ARCHIVU NA PATOLOGIICH

K RETROSPEKTIVNICH STUDIIM !!1

FIGURE 7. Representative miRNA array image from a

FFPE colon cancer sample.
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Vyznam mikroRNA v nadorové biologii — cirkulujici

mikroRNA!!I

A

- Individual 006 © Individual 008
38 s
5 » |
= e L —————— -———’—*—-——_"—*——0—4
E 20 — e 20
= 18 : I E 18
10 10
5 84
0 - - - - - - . - . - - - 0 . v v v .
05 1 2 4 ] 24 s 1 2 4 ] 24
Incubation time at room Incubation time at room
Ambient temperature (hours) temperature (hours)
T incubation I - » . |
{ =0— miR-15b MiR-16 = miR-24 |
l Freeze-thaw
40
R Individual 006 = Individual 008
& » S .|
B 3. . —
i 5 ST — = - — w -
bl = E ™
z 18 A = 154
10 10
5 81
0 . . : 0+ . ‘ . . .
1 2 4 8 1 2 4 B

Number of freeze-thaw cycles

Number of freeze-thaw cycles

E
T

Signal of hsamiR527
=] [

L] Nnnlpmgnunl I 'I, L 4
¥ Pregnant wr
+  3rd frirmester ’
v ; v
v v
v 4
¥
L ]
L] L
[ ] 4
e = ] ]
B 10 12 14 16 18

Mean signal of (hsamiR520d5p , hsamiR526a)

hsa miR 527

o

—_ o =k ok
n

o

]

Not Preg. 1st Trim.  3rd Trim.

=]

PCR signal (50 CT)

Gilad et al., 2008

20



Vyznam mikroRNA v nadorové biologii — mikroRNA SNP -

novy smér molekularni epidemilogie nadorovych onemocn

NN

u-ans::'.ripm‘m// tfranscription
:I_ AR, Ay,
irtren SNPz in
i DROSHA
pre-mAhA ‘ﬂ__#__,,.-- pri-miRtdA complex
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T rsG8TTE4Z
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! XPOS = r514035
SMPs in nuclear
export comlax
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comlex L maturation
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53742330 mRNA  — — A
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mRMNA degradation  translational repression
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g
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mikroRNA: potencialni vyuziti v terapii nadorovych onemocnéni

COLONIC EPITHELIAL CELL
normal expression levels of
miRNA (-143,-145,-21)

miRNA downregulation
— oncogenic target

miRNA overexpression
overexpression

— tumor suppressor

miRNA-based thera ;
Py target inactivation

(chemically modified

miRNAs) in vivo inhibition of MIRNA
(antagomirs, AMOs, LNAs)
COLON CANCER CELL COLON CANCER CELL
| mIiRNA (-143,-145) 1 miRNA (-21) — | tumor
— | oncogene (KRAS, ERK1/2) suppressor (PTEN, TIMP3,
PDCD4)

Slaby et al, 2010



Screening and early detection of colorectal cancer
fecal occult blood test, stool DNA testing

@ microRMN A-based blomark ers in serum
Patient evaluation

Clinical examination, diagnostic imaging -
[USG, CT, MRI, PET), colonoscopy

colorectal biopsy specimen

Maolecular staging Pathological staging
(KRAS mutation testing, MSI, EGFR pTHM, grade, margins of resection,
l gene copy number, p53 testing...) angiolymphatic invasion,...

Tumor markers
(CEA, CAL19-9)

microRMA-based biomarkers in tissue

microRN A-based biomarkers in serum Prediction of cancer dissemination, prognosis and
chemo/radiotherapy response

Maonitoring cancer therapy and progression /

U

Individualization of therapy and dispensarization for colorectal cancer patients
Figure 1

The potential usage of miRMAs in the clinical management of the colorectal cancer patients.




MikroRNA: markery ¢asného zachytu

Expression of miR-92

B p < 0.0001

10 000 — p=04

p < 0.0001

1000 —

100 —

10 —

miR-92 expression (normalised)

GC

CRC

kolorektalniho karcinomu

miR-92 expression

(normalised)

10 000 —

1000 —

Sensitivity

100 —

10 —

p < 0.0001

=
| ©
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I I I

e
[
I

AUC = 0.885

L ]

0 0.2 0.4 0.6 0.8 1.0

mikroRNA vykazuji vysokou miru stability v krevnim séru

a jsou proto vhodnymi kandidaty pro diagnostické markery

1-specificity

Ng et al, GUT, 2009



MikroRNA: markery casného zachytu kolorektalniho karcinomu

a miR-29a b miR-92a
1.0 1.0
0.8 08—
2 06— 2 0.6
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E =
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1.0
0.2
08—
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0.0 T T I T T
0.0 0.2 04 2 06 A 0.6 08 1.0
1-Spec § Specificity
c
o 04—
Huang et al, 1JC, 2010
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Copies of miRNA per microliter serum

miR-141 jako diagnosticky marker karcinomu prostaty

miR-141 (tumor-associated miRNA)

100000 - s
: :‘:‘::::: P Vysoka mira korelace s PSA!
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"""" S e = = = = 100% specificity,
s . 60% sensitivity
1000 ‘
ROC plot for miR-141
L ]
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& o
1 . Z
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w3
Mitchell, PNAS, 2008 3 AUC = 0.907

T J T T T T
0.0 0z 04 0.6 0a 1.0

1 - Specificity



Srovnani expresnich profild mikroRNA v CRC
a nenadorove strevni tkani Stanoveni profili miRNA metodou miRAGE
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miR-21: diagnosticky marker kolorektalniho karcinomu

Normalized miR-21 expression

p < 0.0001

p=0016

p=0.03

T
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T T T T
Stage| Stage ll Stage Il Stage IV

Fig. 1. Correlation between clinical stage and normalized expres-
sion of miR-21 in patients with CRC.

Maryland test cohort (microarray data)
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Pravdépodobnost preiti (%)

miR-21: prognosticky a prediktivni marker kolorektalniho karcinomu

Montumor expression

Maryland test cohort

miH-27 expression

Long-rank p=0,0015

Slaby et al.. 2010
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miR-21: prognosticky a prediktivni marker kolorektalniho karcinomu

Schetter et al, JAMA, 2008

With chemotherapy by
miR-217 expression

Without chemotherapy by
miR-21 expression
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Analyzy inhibitoru miR-21 u bunék kolorektalniho karcinomu

1 _
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Analyzy inhibitoru miR-21 u bunék kolorektalniho karcinomu

Scratch assay — inhibice migrace bunék

0.9
0.8
0.7 -
0.6

05 Mock

04 B Anti-miR-21

03

Relative cell migration

0.2 -
0.1 -
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Figure 10 Relative cell motility po 24 hodinach
(two-tailed t-test, p=0.016)




Comparison of miRNA expression profiles in CRC and matched non-tumoral tissue
Applied Biosystems microRNA Real-Time PCR cards version 2.0 (667 microRNAs)

47 microRNAs according to paired LIMMA (p<0.001)
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Detection of lymph nodes metastatic involvement from primary CRC tumor

N+MO...blue (20 patients)
NOMO...res (25 patients)

According to LOOCV method

Sensitivity 79%
Specifity 81%

Balanced accuracy 80%

—

aucv
hsa-let-7b*-4395515 N+MO 0.88664
hsa-miR-566-4380943 N+MO 0.82996
hsa-miR-485-3p-4378095 N+MO 0.822874
hsa-miR-659-4380924 N+MO 0.819838
hsa-miR-211-4373088 N+MO 0.818826
hsa-miR-486-3p-4395204 N+MO 0.814777
hsa-miR-596-4380959 N+MO 0.811741
hsa-miR-939-4395293 N+MO 0.811741

e

hsa-miR-596-43505959
hsa-miR-539-4395293
hsa-miR-211-4373088
hsa-let-7b*-4395515
hsa-miR-485-3p-4378095
hea-miR-486-3p-4395204
hsa-miR-566-4330943

hsa-miR-659-4350524

Slaby et al.. 2010



Analyza globalnich expresnich profili mikroRNA u renalniho karcinomu

54 mikroRNA - odliseni nadorové tkané (®) a nenadorového renalniho
parenchymu (®); (®) snizena hladina, (®) zvySena hladina
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MikroRNA jako nové prognostické markery casného metastazovani po nefrektomii

Il a. Dobra vs. Spatna progndza

15 mikroRNA — identifikace pacientl s dobrou prognézou (®) a Spatnou
prognozou, resp. rizikem casného relapsu po nefrektomii (®);
31 neparovych vzork( ccRCC; (®) snizena hladina, (®) zvySena hladina

P

o)

hsa_miRk_28a_4395166
hsa_mik_143_43953E0
hsa_mik_127_3p_4373147
hsa_mik_376c_4395233
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hsa_mik_134_4373299
hesa_mik_487kb_4378102
hsa_mik_376a_4373026
hsa_mik_409_3p_4395443
hsa_mik_198_4395354
hsa_miR_382_4373019
hea_mik_S91_4380955
hsa_mik_302c_4373072
hsa_mik_374a*_4395236

hsa_mik_92a_1*_4393248
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Expression of miRNA-106b in conventional renal
cell carcinoma is a potential marker for prediction
of early metastasis after nephrectomy

Ondrej Slaby*'2, Jana Jancovicova®, Radek Lakomy!, Marek Svoboda!, Alexandr Poprach!, Pavel Fabian?, Leos Kren?,
Jaroslav Michalek? and Rostislay Vwzula!
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Figure 4 Relapse-free survival of patients with RCC based on the
miR-106b expression levels (cutoff = median of miR-106b expres-
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miR-210: prognosticky marker u mamarniho karcinomu
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miR-26a: prognosticky a prediktivni marker hepatocelularniho karcinomu

D Survival According to miR-26a-1 Expression

Overall Survival (%)

P=0.02

24 48
Meanths

Junfang et al, NEJM, 2009

72

C Low miR-26a, Test Cohort 2

100-==, _
=
- = T e ekl b ke
= gz - - .
-3 ! Interferon alfa
o [ TR
E 60
% 404 Control
& o
P=0.003
0 T T T
0 24 48 72

Months

D Low miR-26a, Validation Cohort 3

100 -
Tl — g Interferon alfa
—_— 20 et e e d e
£
=
2 60
L]
u o oad Control
:
20
© P=0.03
0 T T T T T
0 12 24 36 48 60

Months

E High miR-26a, Test Cohort 2

100
g B0+ \ Interferon alfa
= -
= 60
&
=
@
= 40
E Control
6 20
P=0.86
o
W T T T
0 24 43 72

Months

F High miR-26a, Validation Cohort 3

1""‘—|—_—|_1,_'_I Control
— | -
g e
= Interferon alfa
= B0
z
@
= 40
:
20+
© P=0.3%
0 T T T T T
0 12 24 i6 48 &0
Months

Figure 3. Association between miR-26a Expression in Tumors and Overall Survival in Two Trials of Interferon Alfa.
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MikroRNA v patogenezi glioblastomu
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MikroRNA v patogenezi glioblastomu
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MiR-195, miR-196b, miR-181c and miR-21 expression are associated with clinical
outcome in glioblastoma patients

P=0.0124
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Fig. 2. Kaplan—Meier survival curves estimating overall survival in patients with glioblastoma multiforme, according to miR-195 (A) and miR-

196b (B) expression levels.

(A)
10 4
P =0.0010

: T

0.1

Relative expression level of miR-181¢

0.01 T .
TTP <6 months TTP >6 months

(B)

10000

Relative expression level of miR-21

1000

100

P =0.0143

-

—
i

v —_—

TTP <6 months

Fig. 3. Time to progression (TTP) up to 6 months in patients with glioblastoma multiforme, based
levels. Central box represents values from the lower to upper quartiles (25th to 75th percentiles), :
(Mann-Whitney U-test). Vertical line extends from minimum to maximum values.

Slaby, Cancer Science, 2011

Table 4. Contingency table of glioblastoma patients stratified
according to time to progression (TTP) and miR-21/miR-181c
positivity

No. of patients No. of patients
with TTP > 6 months with TTP < 6 months
miR-21 and 5 1
miR-181¢
positivity
miR-21 and/or 21 1
miR-181c
negativity




Molekularni klasifikace karcinomu prsu
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Basal-like H\W\ “I |
karcinom it
prsu -

Triple Negative (ER-, PR-, HER2-)
Zvysena proliferace (P < 0.0001) Vysoky grade (P < 0.0001)
Nizkda diferenciace (P < 0.003) Mutace v TP53 (P< 0.001)



Vyznam rodiny mikroRNA-34a-c u ,,basal-like“ mamarniho karcinomu

miR-34a je signifikantné zvySena u pacientek s, basal-like” karcinomy metastazujicimi do uzlin.
miR-34b je silny negativni prognosticky faktor.

Vztah hladin miR-34b k celkovému preziti pacientek s "basal-like” karcinomem prsu

Vztah miR-34a k metastazovani "basal-like" karcinomu prsu do lymfatickych uzlin 100 —
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miRview™ mets: Unsolving the Mystery
of Cancer of Unknown Primary (CUP)

Identifying the primary origin of a metastasis



santaris
pharmaa/s

Santaris Pharma begins human clinical testing of world's first microRNA SPC3649

(LNA-antimiR-122) being developed as a potential new therapy for Hepatitis C
virus (HCV) infection

May 28, 2008 — Santaris Pharma, the Danish biopharmaceutical company,
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Take home

Analyza Cipovych dat — pozadi, normalizace

Analyza Cipovych dat - identifikace biologicky vyznamnych gen(

Analyza Cipovych dat -ukazky multidemenzionalnich metod analyzy Cipovych dat - Shlukovaci analyzy
Analyza Cipovych dat — klasifikacni metody

Molekularni klasifikace naddorovych onemocnéni — ukazky

Aplikace Cipovych technologii do klinické praxe — studie MINDACT, Agendia, Roche AmpliChip CYP450
mikroRNA: nova uroven regulace genové exprese — biogeneze a biologicka funkce

mikroRNA v patogeneze nddorovych onemocnéni

mikroRNA jako biomarkery (SNP, tkaniové, sérové)

mikroRNA jako terapeutickeé cile

mikroRNA Cipy

Napln pristi prednasky

Moderni metodické pristupy v molekularni mediciné Il — proteomika (dvojrozmérna
elektroforéza, hmotnostni spektrometrie, proteinové Cipy), vyuziti proteomiky

v diagnostice nadorovych onemocnéni

Molekularni epidemiologie — definice a vymezeni oboru, identifikace molekularnich
rizikovych faktorl vzniku a rozvoje onemocnéni, analyza vztahu molekuldrnich faktord a
vlivll prostredi na rozvoj nddorového onemocnéni, vyznam molekularni epidemiologie u
karcinomu plic a kolorektalniho karcinomu
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