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 Lidské miRNA geny: cca 2000
microRNA (miRNA)

1 kratké RNA molekuly
~22 nukleotidu

1 komplementarni vazba k
cilové mRNA

O inhibuji translaci a snizuji Stovky evoluéné
stabilitu mRNA konzervovanych microRNA
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MicroRNAs were discovered by V. Ambros
and G. Ruvkun in C. elegans

wild-type lin-4 (e912) let-7 (n2853)
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Specifika analyzy exprese microRNAs:

o velmi malé molekuly — 22nt — specifikum izolace, specifické zna€eni i design sond
o malé zastoupeni ve vzorku — separace microRNA

o Vv lidském genovu cca 2000 genu

o nékteré maji velmi podobnou sekvenci — rozdil 1nt

o pre-miR, pri-miR, mature-miR

o malo se vi o jejich funkcich — obtizna interpretace vysledku

o zatim malo zkuSenosti a standardizace

llzolace

dMicroarrays

dlIdentifikace miRNA (cloning a Northern blot)
dReal-Time PCR

ANGS




1/ 1zolace a stabilita microRNA
Problémy: velikost 22nt, celkové cca 0,01% z celkové RNA

Izolace:

TRIzol/TriReagent
miRvana (Ambion)

PureLink (Invitrogen)
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Izolace: B m isolat, No. 1

TRIzol/TriReagent 1zolace: " e
. ) TRIReagent/TRIzol ]

miRvana (Ambion) . « .
PureLink (Invitrogen) s the ,gold standard” 0]

oy (Mraz et al., 2009) &
a dalsi 5 3]
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Obohaceni:

PAGE

FlashPAGE Fractionator (Ambion)

flashPAGE™ Protocol

1. Pipet flashPAGE™ Lower Running
Buffer into the lower buffer chamber of
the apparatu

2. Insert a “ready-to-use,” pre-cast
flashPAGE™ Gel Cartridge

3. Add flashPAGE™ Upper Running Buffer
to the upper buffer chamber of the gel

4_Add your RNA or DNA sample (with
flashPRAGE™ A40 Dye Marker)
1 minute
5.Run gel at 70 V on any standard power
supply

6. Collect PAGE-purified nucleic acid from
lower buffer chamber®

Less than 15 minutes

Q 5 1o Time [hours)

15min

150nt—

100nt —]
0nt —
&0nt —|

70nt —
&0nt —|
S0t —|

A0nt —|

30nt—|

Z0nt —|

Traditional PAGE Purification

1.Prepare gel solutions
30 minutes

2. Cast gel
2 hours

3. Pre-run the gel
30 minutes

4. Load sample
1 minute

5.Electrophorese
30-60 minutes

6. 5tain gel to visualize region of interest
10 minutes

7.Excise desired size fraction
5 minutes

8.Soak crushed gel with elution buffer
overnight

9. Collect first elution and elute again
2 hours

22-24 hours
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Stabilita microRNA : w1

Stabilita po izolaci @ O -
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Stabilita microRNA :

Stabilita v FFPE (formalin-fixed parafin-embedded tissue)
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Fig. 2. Influence of RNA integrity on miRNA gene expression.
(A), miR-141, miR-155, miR-200c, and miR-210 in RNA samples from ccRCC cell line Caki-2. (B), miR-141, miR-155, miR-200c,
and miR-210 in RNA samples from the renal tissue pool. (C), miR-96, miR-130b, miR-149, and miR-222 in RNA samples from
PCa cell line LNCaP. (D), miR-96, miR-130b, miR-149, miR-205, and miR-222 in RNA samples from the prostate tissue pool. For
further details, including regression line characteristics, 95% Cls of the slopes, and P values indicating significant deviations
from 0, see Table 5 in the online Data Supplement. 1
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Expression microarrays pro microRNAs:

velmi malé molekuly — 22nt — specifikum izolace, specifické znaceni i design sond
malé zastoupeni ve vzorku — separace microRNA

v lidském genovu cca 2000 genu — menSi pocet sond na Cipu

nékteré maji velmi podobnou sekvenci — rozdil 1nt

pre-miR, pri-miR, mature-miR

malo se vi o jejich funkcich — obtizna interpretace vysledku

zatim malo zkuSenosti a standardizace

O O O 0O O O O

b ' hsa-miR-31: 5'-AGGCAAGAUGCUGGCAUAGCU-3’
3'-TCCGTTCTACGACCGTATCGA AAAAAAAAAA-S
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3/ Labeling — znaceni:

0 Neni mozny labeling pomoci znaCenych polyT pfi reverzni transkripci

L Primeé znaceni (direct labeling) — vétSinou néjaka fluorescencni barva

L Neprimé znaCeni (indirect labeling) — probiha néjaka reverzni transkripce/PCR

Primé znaceni:
Jednoduché, rychlé a ,&im méné kroku tim méné vnesenych chyb a variability*

1/ ZnaCeni guaninu v microRNA

Flurochromem vazicim se na guanin jsou oznaceny miRNA (Ulysis Alexa Flour 546/647)
VSechny lidské miRNA obsahuji guanin, ale v rizném mnozstvi

Nemoznost usuzovat na vzajemnou expresi riznych miRNA (rizny obsah guaninu)
(Babak et al., 2004)

miRNA

A = 3 B
21-22 nt
2/ ZnaCeni pomoci Poly (A) polymerazy et Py et
MUZzu se rozhodnout jak dlouhy bude poly(A) e
a tim ovlivnit silu signalu 5 bbbl 3
(S h i ngara et aI "y 2005) Couple Cy dye to amincallyl UTP
5 UutuuuUUUUUULUUY 3
3 ®
Q%?
'é:;::e?s_ Hybridize overnight
probe sequence .
e = e
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4/ znaCeni pomoci T4 ligasy

Kratky znacCeny oligonukleotid

je pripojen T4 ligasou k 3‘konci

Vyhodou je prednostni vazba

na RNA o velikosti 18-30bp ->total RNA
(Thomson et al., 2004; Castoldi et al., 2007)

Acceptor molecule Donor molecule

PrrrrrrrrrrrrrrrrrrrrrrrrOH P—ry—y—r.

T4 RNA
Ligase

Labeled miRNA

PIIIIIIIIIIIIIIIIIIIIIIIIPIIII-

+ AMP, 2Pi, H20

miRNA ready for hybridization

Fig. 2. Schematic representation of the miRNA labeling principle: a short
Cy-dye labeled RNA-linker (donor molecule) is ligated to the single-
stranded miRNA (acceptor molecule) by T4 RNA ligase in the presence of
ATP. 15



Neprimé znaceni:
Znacen je produkt reverzni transkripce Ci PCR

Vyhody: cDNA je pak stabilni a Ize uchovat, Pre-amplifikace a tim snadnégjsi
detekce mené exprimovanych miRNA

1/ znaCeni revezniho transkriptu miRNA

Reverzni transkripce pomoci nahodnych 8-meru znacenych 2 biotiny (3°-(N)8 —
(A)12-biotin-(A)12-biotin-5° (Liu et al., 2004)

Reverzni transkripce pomoci nahodnych neznacenych 7-merd, nasledné

oznaceny s pomoci terminalni transferazy a biotin-dideoxy-UTP (Sun et al., 2004)
Nebezpecli chyb z nespecifické vazby primeru

2/ znaCeni produktu RT-PCR Ge!;j‘;'ﬁ‘”'“ 1
Vyhoda: snadna pre-amplifikace T
Dva adaptory ssesitio || _
fluorescencné-znaceny primer (k adaptoru) il

(Miska et al., 2004)

Nevyhoda: antisense strand priromen pfi hybridizaci “=———
ReSenim je rizna délka sense a antisense ->PAGE =[]
(Baskerville, 2005) “oaren]]
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(2]
&
T

SISTHLNAS WNOss

ANY ONIM=ZEY1 3A0

(ssDNA)

—1
—
2
L 1




3/ Microarrays/ Proby:
Problémy: kratké RNA, malé rozdily v sekvenci, Tm

b

hsa-miR-31: 5'-AGGCAAGAUGCUGGCAUAGCU-3'
J'-TCCGTTCTACGACCGTATCGA AAAAAAAAAA-S

yr \ .o, o, Do,

BN

Lo, T~

miRNA Isolation Labeling e Dele[ction

Hybridization

t'b||
- |
_:C(l_
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Tm — melting temperature urcité proby
T — hybridizacCni teplota

Tm<T .......... nizsi efektivita vazby miRNA
Tm>T .......... vySSi efektivita vazby miRNA

QJe tfeba navrhnout préby tak,aby mely vSechny podobnou Tm
To se u ,dlouhych® mRNA feSi vhodnym vybérem oblasti genu k
némuz bude sonda komplementarni nebo délkou sondy

O navic nékteré miRNA jsou témér sekvencné totozne

let-7L GAGET AGRAG - 22
let-T72 SAGET ACEL = 21
let-7d : AletieleldYe e = 21
let-7a GAGET AGRAS - 22

let-7f GAGET AGELCE = : 22

let-71 : SACGCTACHRAS = : 19

let-7g : AT AGA S = 21
LEAGSZTAGCAG TTGE gt

" >~ .t WERS/;, INVESTICE DO ROZVOJE VZDELAVANI
*l ** ... I\-_‘.‘ ij. 1 8
= ol . 3 2 Tato prezentz olufir ovana
x * " I % : m
EVROPSKA UNIE kel oro komkrenesacho Tana o™ hottem Ceské republiky

onkurenceschopnost HANA BT a statnim




UPRAVA DELKY

Total RNA

Gel purify@

Small RNAs (18 - 26 nt)

Adapter ligation @
RT - PCR@

e e— LY

5 m—
Synthetic oligonuclectide

— Y —
ror []
Gal Purifiy @

Cy mm——————————— (55DNA)

—] b AVEEI VNGO 3LVHINGS —

cy3 cy5

SISAHLNAS WNOss
ONY ONM=39Y1 3A0

Gal Puriﬂyﬂ

Cy mmm————————— (55DNA)

—

Combine
and hybridize
to miCroarray

FIGURE 1. Microarray sample preparation and reference oligo-
nucleotide synthesis. Small RNAs were fractionated on a poly-
acrylamide gel, and oligonucleotide primers were then ligated to
the 5" and 3’ ends of the small RNA library (Lau et al. 2001). A
cDNA library was generated through reverse transcription, and the
product was amplified using PCR. Using a pair of modified oligo-
nucleotide primers in a second PCR, the sense strand of the library
was fluorescently labeled and the antisense strand was selectively
lengthened (Williams and Bartel 1995). The sense strand of the
asymmetric duplex was purified away from the antisense strand in
a denaturing gel, and this purified dye-labeled ssDNA sample was
used for hybridization and detection on the array. At each feature,
the signal from the miRNA sample was compared to that from a
reference sample, which had been generated by amplifying and
labeling synthetic oligonucleotides using the same strategy as for
the miRNA sample.

Baskerville and Bartel, 2005

UPRAVA SiLY VAZBY NUKLEOTIDU

LNA préby (Locked Nucleic Acid)

rib6zovy kruh je ,uzamcen“ methylenovym mistkem mezi atomy
2-0a4’-C

ase

.

oRo

Pouziti LNA pro nékteré baze v prébé
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Fig. 2 Tm (melting temperature) distribution for microRNA probes
for human, rat and mouse. Red and black curves represent the Tm
distributions of the raw and normalized probes, respectively

Li and Ruan, 2009
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SILA VAZBY:

LNA vs DNA préba
Tm az 72°C
(Castoldi et al., 2006)

Mixed LNA/DNA DNA miRNA
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FIGURE 1. Mixed DNA/LNA capture probes display increased sensitivity for miRNA
detection. miRNA expression was assessed in murine liver using a test set of LNA-modified
(left) or unmodified DNA oligonudeotide capture probes (right). Decreasing amounts of total
RNA were used as input material for miRNA analysis. Data are presented as median intensity
(four replicas per miRNA capture probe; a representative experiment is shown).
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SPECIFITA VAZBY: LNA vs DNA proéba

(Castoldi et al., 20006)

let7a [ |

let-7e [
miR-22 [
miR-30c [
miR-16 [

miR-26b [ |
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Color Legend
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MIRCURY LNA Array, Exigon : 3 dny

Frotocol overview

miRCURY™ LNA microRMA Power Labeling Kit

CIP treatment Mix: RMNA sample
Spike-In miRMNA kit

Labeling reaction Mix: CIP'ed RMNA sample
Labeling buffer
Hy3™ or Hyb™™
DMS0

Enzyme

\

miRCURY™ LNA microRNA Array Kit

Mix samples Mix: Hy3d™ labeled sample
Hy5™ labeled sample
Hybridization buffer
Denature sample

v

Hybridize Hybridize at 54°C for 16 hours
Stringency wash Wash 2 min. in buffer & at 56°C

Wash Z min. in buffer B at 23°C
Wash 2 min. in buffer C at 23°C
Dry slides

v

Image aquisition Scan slides [recommended scan at Spm)
Download relevant GAL files from
WWW_EXIQOn.Com



Co se nemusi podarit:

Nekvalitni RNA

Nepodari se znaceni

Nepodari se hybridizace

Nepodari se promyvani

Technicka variabilita Cipu je vétsi nez ta biologicka
Nepodari se validace dat pomoci RT-PCR, atd

aaaaaa

Obtizna interpretace ziskanych dat z
pohledu biologického smyslu napf.
deregulace nekolika miRNA (nador
vs. zdrava tkan apod.)

Fiber or scratch? Bubble

Edge effect Background haze

Prace s miRNA Cipy je velmi obtizna.
VSeobecné nizSi mira standardizace.

23



RT-PCR



TaqgMan-based real-time PCR quantification of mature miRNAs

RT primer

: Deta Rnve Cycl
mlRNA - gila kn vs Lycle
LLIT T
1.0e+001
Step 1: 104000
Stem-loop RT
1o
14
T e ST § 1.0e-002
IRt il
- 1.0e-003
cDNA
1.0e-004
Step 2:
Real-time PCR e 12345678 010111213141516171819 2021 2273 41626 27 28 2930 31 3233 3435 3637 383040 4142434445
\ Cvcle Number
Forward primer
i
L1}

Reverse
: primer
TaqMan probe
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Sanger vs NGS

‘Sanger sequencing’ has been the only DNA
sequencing method for 30 years

NGS has the ability to process millions of
sequence reads in parallel rather than few at
a time



Next Generation Sequencing

« Takes advantage of miniaturization to
engage in massively parallel analysis

— Essentially carrying out millions of
sequencing reactions simultaneously in
each of 10 million tiny wells

« Sophisticated computer analysis of
huge amounts of information allows

“assembly"” of a given sequeEs===—




Massive Parallel Seq workflow

14134

2) Cluster generation on a flow cell

Chr. & G047 910 GO/BA7AA20 T0,647 950 T06470H) G0,B47 950 G647 960 G0647
Sequenceability
w e
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reads —
’ I Genotyped SNPs @

Solexa SNPs |
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( . )

A CCARAARRACATCAAGATATETT TaAR TEASTTTT CATARAT 1

TEARGATATETTCE CABGETTGEAR TEAG TTTTARG GGG EACATABATEE ARAE A
W GARRRRAACATGARGATATCTTCCCAGRGTTGAAT CAGTTTTAAGGOAGACATARRTAGACACH
RRRRRRRDRTGRRGRTRTCTTCCCRGGGTTGRGGT RETTTTARGE GG EACATARATGEACACA

=

ABARAACATGAAGATATCTT! TAAATGGACAGA
RJRRRCRTGRRGRTRT'CYTCCCRGGGTTGRRGTC GT'I'!‘mnGGGGGRCn'r’nnnTGaR.cch
AARAACATGAAGATATETTH TGAASTCA TITT

HHRHHﬁHTGHHGHTRICTTCCEHEGGTTGHGG]’E_ TUTRRGGGEEREHTHHHTGGHJ:H[‘-R
AARARCATGAAGATATET TEC DA GGETTGARG T TAAGGGEERCATARATGGEACAGRH
AEAACATGARGATATETTECCABGE TTRAAG TEAG 'I'FTRRGGGGGRCRTRRRTGGRCRCR
ARAACATGARGATATETTOCCAGGGTTAARG TCAS TT TAAG G666 ACATAARTGEACAC A
PAAACATGARGATATETTCCCACGGTTGARGTCAG TITAAGGEECACATARATEGATACH
ARBACATEARGATATETT TEARGTEAG! TARATGGACACA
FARCATGAAGATATCTTCCCAGGGTTGARGTOAGT TTAAGGGEEACATARATGRACAE A
ACATGARGATATCTTCCCAGEGTIGARGTCAGTTT  AGGGEGACATARRTAGACACA

o

3

I,gﬁlrgl,%l%rs‘are’arﬁln’ﬁfﬂlr‘ fel=

RGGE AR TGAAGATATCTTCCOAGEGTIGARG TEAGTTT  AGGGEGACATARATEEACACA
AGGE EATGAAGATATCTTCCCAGEGTTIGARGTCAGTTTT AGGGEGACATARATAGATALA
RAGG CATGARGATATCTTCCCAGGETTGARGTAAGATTT AGGGCEACATARATGEACACE
RREE CHIGAAGATATCTTCCCAGGETIGARGTCAGTTTT GGGGGACATAARTEGACAGA
i

13 ATGARGATATCTTCOORGGETIGARGTCASTTTTA G6GGEACATARATEGAGACH
= = - RREGA ATEAAGATATETTCCCARGETIRARGTCASTTTTA 66 GG CACATARATECACALA
eq u e n c I n g I m ag I n g ARGEER TERAGATHTCTTCCCAGGRTIGARGTCAGTTTTAR GEEEACATARATRGAGHEA

GARGATATETTCCCAGGGTTGARGTCAGTTTTAAS GGGACATAARTGGACACA
HEGGAA GEAGATATETTEOCRGGETTGARGTEAGTTTTAAT G06H CRTRRRTGG ACACA

4) Data processing & analysis




High Parallelism is Achieved in Polony
Sequencing

Sanger Polony

Cyclic array sequencing
(>1 0® reads/array)
Cycle 1 Cycle 2 Cycle 3

What is base 17 What is base 27 What is base 3?
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Msignal cluster through bringe amplfication.
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Two PCR primers are attached to the surface of
flowcell. One of the primers has a cleavable site

Surface of flow cell
coated with a lawn

of oligo pairs
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Hybridize Fragment & Extend

Adapter
sequence

Single DNAlIbranes are
Rybridized te primer lawn

Boundiibrapesiarethen
exiended by PelymErases
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Denature Double-Stranded DNA

Newly
synthesized
strand

Double-stranded Original
molecule is denatured template

QOriginal template washed
away

Newly synthesized strand
is covalently attached to g

h RELECECOM

flow cell surface
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Single-Stranded DNA

NOTE:

Single molecules bind
to flow cell in a
random patiern




Bridge Amplification
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Bridge Amplification
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Denature Double-Stranded Bridge

Double-stranded brdge 1S
denatured

RESUIL:
W0 copies aficovalently bound
Single-stranded templates




Bridge Amplification

Single-stranded molecules flip over
to hybridize to adjacent primers

Hybridized primer. is
extended by polymerase g s

‘—(l oo a

*—utm:m

fcccecnen
k:[tt:ﬂ(!
‘—u[uuu-

F{f( (dd o d ]

F{((((( C
.
keccccccccen

fessoeese




Bridge Amplification

IS

Ification cycle |
repeated until multip
bridges are formed

Bridge ampl
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Linearization

dSPNABRAIES are
denatured




Reverse Strand Cleavage
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Blocking
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Read 1 Primer Hybridization
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Sequencing by synthesis
v o

Cycle 1: Add sequencing reagents

First base incorporated

Fl
o uor

HNI Cleavage
site

| ] - O
Emission Pppp
3'
Block

Detect signal

Cleave terminator and dye

Excitation

Cycle 2-n: Add sequencing reagents and repeat



Sequencing by Synthesis - Fluorescently
labeled Nucleotides (lllumina)

Complementary strand elongation: DNA Polymerase



video

* https://www.youtube.com/watch?v=womKfik\WIxM



a Data generation

The general experimental
procedure forRNA

Transcriptom = R £
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The general experimental procedure for
MiRNA

Total RNA
Lane 1 Lane 2
Cuick-Load Human
pBR322 Brain

DNA-Mspl Digest
bp
B22 —

827 —

404 —

non-miRNAS
tRNA, rRNA

3

A;I'-.IA 21 nt

(114 bp)
adapter dimer
(83 bp)




The general experimental procedure for
miRNA

Total EIMA TP — -3

e 3’ adaptor
l.j App 0 NH?

P NH?
Ve
RT Primer Hybridization I { RT Primer
———
v
FE e S— App S——
4
' 5" adaptor : imer i
5O P —_ No Adaptor Dimer Formation
v
al——
| RT Primer Extension I
v
-/ Barcode
PCE Amplification '
v |




Sequencing reads
(Fastq file)

|

Remove 3’ adapter
Parse by barcode

|

Remove reads<17 nucleotides
Align to mature microRNA
sequences in miRBase v.18

— O

Unaligned sequences aligned sequences

l

Generate expression profiles
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Year 2K “Central dogma” of molecular oncology

Cancer is the GENETIC DISEASE with the most complex mechanism.

Oncogenes and Tumor-suppressors are the two types of PROTEINS deregulated in cancer
cells.

Normal cell Maligpast cell

PROTO-ONCOGENES
TUMOR
SUPPRESSORS

ONCOGENES

fumor suppressors
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MicroRNAs were discovered by V. Ambros
and G. Ruvkun in C. elegans

wild-type lin-4 (e912) let-7 (n2853)

V14 Vi4 Vi4
L1
L2
L3 i
L4
\dult = =

Lee et al. 1993 Cell

Reinhart et al. 2000 Nature
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courtesy of F. Slack



l ]
w

microRNA exprese je schopna rozliSit puvod
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A microRNA expression signature of human
solid tumors defines cancer gene targets

Stefano Volinia*™*, George A. Calin**, Chang-Gong Liu*, Stefan Ambs$, Amelia Cimmino*, Fabio Petrocca*,
Rosa Visone*, Marilena lorio*, Claudia Roldo*, Manuela Ferracin’, Robyn L. Prueitts, Nozumu Yanaiharas,
Giovanni Lanza", Aldo Scarpal, Andrea Vecchione**, Massimo Negrini", Curtis C. Harris$, and Carlo M. Croce**t

*Department of Molecular Virology, Immunology, and Medical Genetics and Cancer Comprehensive Center, Ohio State University, Columbus, OH 43210;
SLaboratory of Human Carcinogenesis, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892; TTelethon
Facility—Data Mining for Analysis of DMNA Microarrays, Department of Morphology and Embryology, and TDepartment of Experimental and Diagnaostic
Medicine and Interdepartmental Center for Cancer Research, University of Ferrara, 44100 Ferrara, Italy; IDepartment of Pathology, University of Verona,
37100 Verona, Italy; and **Department of Histopathology, Sant’ Andrea Hospital, and University of Rome "’La Sapienza,” 00185 Rome, Italy
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Table 2. The miRNAs shared by the signatures of the six

solid cancers

miR N Tumor type

miR-21 6 Breast, colon, lung, pancreas, prostate, stomach
miR-17-5p 5 Breast, colon, lung, pancreas, prostate
miR-191 5 Colon, lung, pancreas, prostate, stomach
miR-29h-2 4 Breast, colon, pancreas, prostate
miR-223 4 Colon, pancreas, prostate, stomach
miR-128b 3 Colon, lung, pancreas

miR-199a-1 3 Lung, pancreas, prostate

miR-24-1 3 Colon, pancreas, stomach

miR-24-2 3 Colon, pancreas, stomach

miR-146 3 Breast, pancreas, prostate

miR-155 3 Breast, colon, lung

miR-181b-1 3 Breast, pancreas, prostate

miR-20a 3 Colon, pancreas, prostate

miR-107 3 Colon, pancreas, stomach

miR-32 3 Colon, pancreas, prostate

miR-92-2 3 Pancreas, prostate, stomach

miR-214 3 Pancreas, prostate, stomach

miR-30c 3 Colon, pancreas, prostate

miR-25 3 Pancreas, prostate, stomach

miR-221 3 Colon, pancreas, stomach

miR-106a 3 Colon, pancreas, prostate

The list includes 21 commonly up-regulated microRNAs in 3 or more (N)
types of solid cancers (Pvalue = 2.5 x 1073).
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Survival rate

Survival rate

1.0

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4 -

0.2 -

0.0

hsa-mir-155 low expression

hsa-mir-155 high expression

p=0.008

20 40 60 80 100 120
Months

hsa-let7a-2 high expression

hsa-let7a-2 low axpression

p=0.033

20 40 60 80 100 120
Months
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A unique miRNA signature is associated with
lung cancer prognosis

Table 5. Postoperative survival of patients with lung adenocarcinoma in re-
laticn 1o clinicopathological characteristics and miRNA expression ana-
lyzed by microamray analysis

Hazard rafic (95%

Variable Subset confidence interval] p
= Univariate analysis
r=45)
Age age = &/fage < 67 1.41 {0.67-3.06) 0.348
Sex male/female 1.36 [0.64-2.93) 0.413
Stage I=1V/I 2.51 {1.29-6.82) 0.010
Smoking history current/former 1.32 {0.63-2.79) 0.456
= hsa-mir-155 (n=55) high/low 3.42 {1.42-8.19) 0.006
= hsa-let-7a-2 (n=52) low/high 2.35 (1.08-6.86) 0.033
= Multivariate analysis
(n = 55)°P
Age age = &7fage <67 192 (0.71-5.17) 0.195
Sex male/female 1.23 (0.47-3.22) 0.669
Stage =%/l 3.27 (1.31-8.37) 0.013
Smoking history current fformer 1.49 (0.51-4.34) 0.457
=» hsa-mir-155 high/low 3.03 (1.13-8.14) 0.027

“paultivariate analysis, Cox proportional hazard regression model.
Phsg-let-7a-2 low/high was not statistically significant {p = 0.129).

(Yanaihara etal, Cancer Cell, 2005)



A polycistronic cluster of microRNAs are overexpressed in cancer

Proliferation Angiogenesis

Apoptosis Invasiveness

Ch13-ORF25 |

OncomiR-1 (Oncogenic microRNA-1)

courtesy of S. Hammond
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Chronicka lymfatické leukémie

1 Z maturovanych B lymfocytu
1 NejCastejsi leukemie dospelych

1 Extrémne variabilni prognoza
1 NejCastejSi aberace del13g14 — obsahuje 2 miRNA (miR-
15a, miR-16)
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Exprese miRNA asociuje s prognostickymi subtypy CLL
~ 20 miRNAs

Calin et al., 2005

Fulci et al, 2007

Zenz et al., 2009

Stamatopoulos et al., 2009

Mraz et al., 2009a, 2009b, 2012, 2014
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Nizsi hladiny miR-150 asociuji s kratsim celkovym prezitim a casem do
prvni lécby

n =168

A —— high miR-150

100, low miR-150 Variable® HR? [CF P-vaF
e <MmiR-150 (S vs. > median) | 5.6 [2.1-14.9 | 0.001 |>
2 80- IGHV (unmut. vs. mut;) 280991 0.08
g ZAP-70 (pos. Vs. heg.) 56 [1.7-17.9 | 0.004
> 60- » CD38 (pos. vs. neg.) 14 [0.7-2.9 0.37
2 g Gender (male vs. female) | 2.9 |1.3-6.5 0.008 |
4 40- “u..L Rai stage | vs. 0 4.9 11.4-17 0.01
< k, lvs. 0 6.6 |1.7-25.8 0.01
o 20- N IR S
L P=0.0051 2lll vs. 0 3.6 [1-13.1 0.05
o — I Ade (> vs. < median) 3.0 11.4-6.8 0.01

Q PSS

Mraz et al, Blood, 2014



Jak identifikovat cile miR-150 u CLL?
(HG-U133 Plus 2.0, Affymetrix)
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Genové expresni Cipy pro CLL s nizkou vs vysokou hladinou miR-150

1 58 rozdilné exprimovanych genu

1 2 geny s evolucné konzervovanymi vazebnymi misty pro miR-150— GAB1 a FOXP1

A microarray data:log2 scale

20

HIGH miR-150
LOW miR-150

TarfEn

A
CLL samples (N=8)
with LOW miR-150 expression
miR-150
: s @ 2 e o~ < N
expression: b= ~N ~N b

o~ ~ ~N =}

CLL samples (N=8)
with HIGH miR-150 expression
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FOXP1 — o — —_—
FOXP1 = e ——

actin I_“————v

———————— |
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Mraz et al, Blood, 2014



GAB1 je adaptorova molekula, ktera je nutna k vazbé PI3K

na membranu a amplifikaci BCR signalizace (Ingham et al.
JBC, 2001).

FOXP1 je transkrip¢ni faktor dulezity pro vyvoj B lymfocyt(
a asociovany s ABC DLBCL a progresi B bunécnych lymfomu
(Hu et al. Nat Immunol, 2006).



Adaptivni imunity- centralni draha BCR

B cell receptor (BCR)

Maive B cell Antibodies
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Vyssi hladiny GAB1 nebo FOXP1 znamenani silnéjSi BCR signalizaci
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»Negative regulators of BCR*

Popsali jsme prvni
priklad regulace BCR
signalizace
prostrednictvim
microRNA
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| Chronic BCR
signaling

Tonic BCR
signaling

{cLL-BCR signaling complex|

S =

Ligand-independent (“tonic”) and ligand-dependent (“‘chronic”) BCR signaling play a pivotal role in CLL survival and
growth. MiRNA-150 dampens the threshold for BCR signaling by repressing expression levels of GAB1 and FOXP1.
Professional illustration by Debra T. Dartez.

Kater and Eldering, BLOOD, 3 JULY 2014 x VOLUME 124, NUMBER 1
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miR _terapie

« potentially usefull as therapeutic targets

nawmre Vol 452|17 April 2008 |doi:10.1038/nature 06783

LETTERS

LNA-mediated microRNA silencing in non-human
primates

Joacim Elmén'*, Morten Lindow'*, Sylvia Schiitz?, Matthew Lawrence®, Andreas Petri!, Susanna Obad’,
Marie Lindholm?, Maj Hedtjérnl, Henrik Frydenlund Hansen', Urs Berger“, Steven Gullans®, Phil Kearneyl,

Peter Sarnow?, Ellen Marie Straarup' & Sakari Kauppinen'?
2012 120: 1678-1686
Prepublished online July 13, 2012;
doi:10.1182/blood-2012-02-410647

LNA-mediated anti-miR-1355 silencing in low-grade B-cell ymphomas

Yong Zhang, Aldo M. Roccaro, Christopher Rombaoa, Ludmilla Flores, Susanna Obad, Stacey M.
Fernandes, Antonio Sacco, Yang Liu, Hai Ngo, Phong Quang, Abdel Kareem Azab, Feda Azab,
Patricia Maiso, Michaela Reagan, Jennifer R. Brown, To-Ha Thai, Sakari Kauppinen and Irene M.
Ghobrial
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