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RNA?

Ribonucleic acid
Types
– Coding: messenger RNA (mRNA) - information for 

„making“ proteins
– Non-coding – regulation of protein formation:

Ribosomal RNA (rRNA)
Transfer RNA (tRNA)
Small nuclear RNA (snRNA)
Small nucleolar RNA (snoRNA)
Interference RNA (RNAi)
Short interfering RNA (siRNA)
MicroRNA



Traditional mRNAs

DNA

mRNA

protein

Transcription

= first step of
regulation

InhibitionInhibition ofof
translationtranslation

microRNAmicroRNA
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BackgroundBackground

MicroRNAsMicroRNAs are a new class of nonare a new class of non--proteinprotein--coding, coding, 
endogenous, small endogenous, small RNAsRNAs..
Regulates gene expression by Regulates gene expression by inhibition of mRNA inhibition of mRNA 
eexxpressionpression
VeryVery smallsmallmoleculesmolecules~22 ~22 ntnt
First discovered in 1993 by Victor First discovered in 1993 by Victor AmbrosAmbrosat Harvard at Harvard 
(lin(lin--44 of of C. C. eleganselegans))
linlin--4 regulates 4 regulates mRNAmRNA translation during translation during worm worm 
developmentdevelopment
7 7 yearsyearsbreakbreak:: LetLet--7 discovered in 2000 by Frank Slack at 7 discovered in 2000 by Frank Slack at 
HarvardHarvard
NowNow:: thousandsthousandsofof microRNAmicroRNA moleculesmolecules



BiogenesisBiogenesis
mimicrocroRNAsRNAs are transcribed by the RNA are transcribed by the RNA 
polymerase II enzyme to produce a polymerase II enzyme to produce a 
primaryprimary--mimicrocroRNARNA

pripri--mimicrocroRNAsRNAs form specific hairpin form specific hairpin 
secondary structures and enter a secondary structures and enter a 
microprocessor complexmicroprocessor complex

The preThe pre--miRNAs are then transported to miRNAs are then transported to 
the cytoplasmthe cytoplasm

In the cytoplasm, preIn the cytoplasm, pre--miRNAs are miRNAs are 
further processed to a short double strand further processed to a short double strand 
miRNA duplex by DicermiRNA duplex by Dicer

ThenThenassociationassociationwithwith RISC (RNA RISC (RNA 
inducedinducedsilencingsilencingcomplexcomplex))

2 2 mechanismsmechanismsofof actionaction: : inhibitioninhibition ofof
translationtranslationOR OR mRNAmRNA cleavagecleavage
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Pasquinelli et al., 2005



ExpressionExpressionpatternpattern ofof microRNAsmicroRNAs

ThereThereisis a a tissuetissuespecificspecificpatternpatternofof microRNAsmicroRNAsexpressionexpression
He et al., 2004



microRNA genes

4000 know genes, 1000 in human

70% of microRNA genes are located in introns
or exons

30% of microRNA genes are located in 
intergenic regions. Form independent 
transcription unit.
Often located in critical chromosomal areas

Very often deleted or mutated in cancer cells
Registry: http://www.sanger.ac.uk

Mouse and human microRNAs are highly 
conserved



Evolutionary Conservation of microRNA sequences
Lim et al. compared microRNA sequences from 
C. elegans to the human genome, and found that over
1/3 of these genes have homologs in humans.

Hundreds of conserved microRNAs



Roles in cancerRoles in cancer

Recent studies show that some miRecent studies show that some microcroRNAsRNAs
regulate cell proliferation and apoptosisregulate cell proliferation and apoptosis,,
processes that are important in cancer processes that are important in cancer 
formation.formation.
In addition, some miRNAs may function as In addition, some miRNAs may function as 
oncogenes or tumor suppressors. oncogenes or tumor suppressors. 
More than 50% of miRNA genes are located in More than 50% of miRNA genes are located in 
cancercancerassociated genomic regions or in fragile associated genomic regions or in fragile 
sites.sites.



Known tumor supressors and protooncogenes are 
regulated by microRNAs

Jannot and
Simard, 2006

ExpressionExpression ofof
microRNAmicroRNA
determinatesdeterminates thethe
fenotypefenotype ofof thethe cellcell

AnalysisAnalysis ofof theirtheir
expressionexpression

DiagnosesDiagnoses andand
prognosesprognoses ofof thethe
diseasedisease



Abnormal expression of microRNAs in cancer cells: 

DownDown --regulationregulation --deledele tiontion in in ChronicChronic LymphLymph . . LeukemiaLeukemia miRmiR --15 15 a a miRmiR --16 16 

UpUp--regularegula tiontion in B cell in B cell lymphomaslymphomas miRmiR --155155

UpUp--regularegula tiontion --amplifikaamplifika tiontion in B cell in B cell lymphomaslymphomas miRmiR -- 1717--92 92 klasterklaster

Down-regulation in lung cancer miR-26a a miR-99a, let-7 

Down-regul ation in colon cancer miR-143-miR-145 klaster

Up-regul ation in Burkitt lymphoma miR-155 

Up-regul ation in glioblastoma miR-221



ExpressionExpressionofof microRNAmicroRNA in in 
ChronicChronic lymphlymph. . leukemialeukemia
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Aim: We would like to find microRNA molecules
that can work as new prognostic markers



ChronicChronic lymphlymph. . leukemialeukemia

LokalisationLokalisationofof miRmiR--1515 a a miRmiR--1616::

locuslocus13q14 13q14 ––tumortumor

supressupressingsing loloccusus

Calin et al., 2002

microRNAmicroRNA andand hematologicalhematologicalmalignanciesmalignancies



25 25 differentlydifferently expressedexpressed
microRNAmicroRNA inin CCLL LL vs. vs. normalnormal
B B lymphocyteslymphocytes

Calin et al., 2004



UP-REGUATED ZAP-70     DOWN-REGULATED ZAP-70 Calin et al. 2004

ASSOCIATION OF ASSOCIATION OF 
microRNAmicroRNA
SIGNATURE WITH SIGNATURE WITH 
PROGNOSES AND PROGNOSES AND 
PROGRESSIONPROGRESSION

2 SUBSETS OF 2 SUBSETS OF 
CLL: ZAPCLL: ZAP--70 AS A 70 AS A 
MARKER OF BAD MARKER OF BAD 
PROGNOSES  PROGNOSES  



TheThe levellevel ofof
microRNAmicroRNA
expressionexpressiondeterminsdetermins
thethecancercancerfenotypefenotype

““ Tumor Tumor suppressingsuppressing“ “ andand „„ OncogenicOncogenic““ microRNAmicroRNA

„„ OncogenicOncogenic“ “ miRNAsmiRNAs

„„ Tumor Tumor suppressingsuppressing“ “ 
miRNAsmiRNAs

miRmiR--1717--92 cluster92 cluster

miRmiR--15a, 15a, miRmiR--1616letlet--77

miRmiR--155155 miRmiR--2121

??-- ApoptosisApoptosis

E2F1E2F1

??????

RASRAS BCL2BCL2ApoptosisApoptosis

ProliferationProliferation



Summary: Hot Topic

A search for miRNA related articles:
700 articles in two years
Revolution in the understanding of cell 
biology
microRNA = Big Money
1 bilion USD in 2010



THE ENDTHE END


