MikroRNA: biomarkery a potencialni terapeutické cile v onkologii
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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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ProC se zabyvat vyzkumem mikroRNA?
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Proc¢ se zabvvat vvzkumem mikroRNA?
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ProC se zabyvat vyzkumem mikroRNA?

Craig Mello na slavnostnim banketu po udileni Nobelovych cen za rok 2006.



Biogeneze a funkce mikroRNA
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microRNA: licensed to kill messenger

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

6. Represe translace nebo degradace
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He and Hannon, Nature Reviews Genetics, 2004



Zakladni fakta o mikroRNA

MiRNA poprvé popsal Ambros a kol. (1993) u C. elegans (lin-4)
Priblizné 3% predikovanych lidskych genu jsou geny pro miRNA
miRNA maji potencial regulovat asi 1/3 kdédujicich genu

Nékteré miRNA jsou kédovany vice nez jednim genem

Geny kédujici miRNA jsou €asto 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: UGAGEUAGUAGGUUGUATASTT
mmu—let-—Tk: UTEAGGUAGUAGGUUGUGUGEUT
mmu—let-—Tc: UEAGGUAGUAGEUUGUATSEUT
mmu—let-—Td: AGAGGUAGUAGEUUGCATASTT
mmu—let-—Te: UGRAGEUAGEAGEUUGUATAGTT
mmu—let-T£f: TEAGEUTAGUAGATUGUTATAGTD

mmu—let-—Tg: UGAGGUAGUAGUUUGUACASTT
mmu-let-Ti: UGAGGUAGUAGTUUUGUGCUTEUT



Jaky je rozdil mezi miRNA a siRNA?

Funkce obou je regulace exprese
siRNA je piivodem dsRNA
siRNA souvisi s cizorodou RNA

(obvykle virovou) a je 100%
komplementarni

miRNA je plvodné endogenni ssRNA,
ktera formuje viasenkové dsRNA
struktury

MiRNA reguluje post-transkripcni
genovou expresi

He and Hannon, Nature Reviews Genetics, 2004



Vyznam mikroRNA v nadoroveé biologii
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Calin et al., PNAS, 2004

Priblizné 50% miRNA
genu se nachazi na
fragilnich ¢astech
chromosomu, jejichz

ztrata nebo amplifikace
je Casto detekovana u
nadorovych
onemocneni.

Napf. miR-15a a miR-16a jsou
lokalizované v oblasti 1314,
c¢asto deletované u CLL



Vyznam mikroRNA v nadorové biologii

Rozdilné expresni profily mezi nadorovou a nenadorovou tkani
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Volinia et al., PNAS, 2006
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Vvznam mikroRNA v nadorové bioloqii

miRMNA s viastnostmi

Funkce miRNA ve zdravé tkani nadorového supressoru
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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 lékaf(i &eskych, 2008



Vyznam mikroRNA v nadorové biologii

Rozsireni Vogelsteinova modelu kancerogeneze CRC
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Vyznam mikroRNA v nadorové biologii
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Vyznam mikroRNA v nadoroveé biologii - FFPE

MikroRNA nepodléhaji degradacnim procesum pfi fixaci formalinem
a archivaci v parafinovych bloCcich tak vyznamné jako mRNA

> ZPRISTUPNENi BOHATYCH ARCHIVU NA PATOLOGIICH
K RETROSPEKTIVNICH STUDIIiM !!!
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Vyznam mikroRNA v nadorové biologii —
cirkulujici mikroRNA!!!
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Vyznam mikroRNA v nadorové biologii — mikroRNA SNP -

novy smeér molekularni epidemilogie nadorovych onemocn
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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
| miRNA (-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 casného zachytu kolorektalniho karcinomu

Expression of miR-92
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MikroRNA: markery ¢asného zachytu kolorektalniho karcinomu
a miR-29a b miR-92a
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Copies of miRNA per microliter serum

miR-141 jako diagnosticky marker karcinomu prostaty

miR-141 (tumor-associated miRNA)
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Srovnani expresnich profili mikroRNA v CRC

a nenadorové strevni tkani
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Srovnani profild miRNA metodou Real-Time PCR
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miR-21: diagnosticky marker kolorektalniho karcinomu

Normalized miR-21 expression
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Pravdépodobnost preiti (%)

miR-21: prognosticky a prediktivni marker kolorektalniho karcinomu

Effect of miR-21 levels on overall survival of CRC patients
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miR-21: prognosticky a prediktivni marker kolorektalniho karcinomu
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Sensitizace DLD1 kolorektalniho karcinomu k 5-FU transfekci anti-miR-21

Relative count of viable cells 48 hours after transfection
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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
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hsa-miR-939-4395293 N+MO 0.811741

PRI
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Slaby et al.. 2010



miR-210: prognosticky marker u mamarniho karcinomu
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miR-26a: prognosticky a prediktivni marker hepatocelularniho karcinomu
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mikroRNA: prognosticka sada 7 mikroRNA u karcinomu zaludku
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MikroRNA v patogenezi glioblastomu
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MikroRNA v patogenezi glioblastomu
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MikroRNA ve vyzkumu glioblastomu — mikroRNA-21
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O%-metylguanin-DNA metyltransferaza (MGMT)
v predikci odpoveéedi na IéCbu temozolomidem (TMZ)

Metvl Y
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S S ,
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Promotorova oblast exprimovan

| —

Nemetylovany

GBM s metylovanym promotorem MGMT

*Neni reparacni protein DNA - MGMT

*Nejsou opravovana poskozeni DNA indukovana u¢inkem temozolomidu
*LepsSi odpovéd’ na Ié€bu

‘LepsSi preziti pacienti s glioblastomem



Prediktivni vyznam vybranych mikroRNA u pacienttl s multiformnim
glioblastomem — odpovéd’ na nové alkylaéni agens temozolomid

ReferenCni metoda, stav metylace promotoru genu pro reparacni protein MGMT
stanoveny metodou metylacné specifické Real-Time PCR (MSP)

100

80

60

40

20

censored

""""

]

/
\

0 5 10 15 20 25 30 35 40

Time

long-rank p=0,1455

Nemetylovany promotor
Vyssi hladiny MGMT

VysSsSi DNA reparacni kapacita
- prognosticky faktor

Metylovany promotor
NizSi hladiny MGMT
+ prognosticky faktor



Prediktivni vyznam vybranych mikroRNA u pacienttl s multiformnim
glioblastomem — mikroRNA-181b

Vztah hladin miRNA-181b a radiologické odpovédi (MRI 1mésic po terapii)
na konkomitantni RT/TMZ (p=0,036, Mann-Whitney test)
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'.'Hal:r!l ot @l Journal of Evperimental & Cinical Concer Research 2010, 29:50

bt wwewe jeccr.comycontent/23/1/30 Journal of Experimental &

Clinical Cancer Research

RESEARCH Open Access

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-
sion).



Molekularni klasifikace karcinomu prsu
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Triple Negative (ER-, PR-, HER2-)
Zvysena proliferace (P < 0.0001) Vysoky grade (P < 0.0001)
Nizka 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.
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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
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