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miRNAmiRNA isis a new class of a new class of genesgenes encodingencoding short short RNAsRNAs
ableable toto regulateregulate gene gene expressionexpression



Evolutionary Conservation of Evolutionary Conservation of 
miRNAmiRNA sequencessequences

Lim et al. compared the identified Lim et al. compared the identified miRNAmiRNA sequences from sequences from C. C. eleganselegans to the to the 
human genome, and found that over 1/3 of these genes had human genome, and found that over 1/3 of these genes had homologshomologs in in 
humans.humans.
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Target genes by computational analysesTarget genes by computational analyses

Many programs claim to discover Many programs claim to discover miRNAmiRNA
targets in mammals:targets in mammals:

miRandamiRanda
DIANADIANA--MicroTMicroT
TargetScanTargetScan
PicTarPicTar

They all use: 
(i) the presence of the miRNA homology region in the 3’ UTR of target 
gene; 
(ii) the precise annealing of seed sequence; 
(iii) filogenetic conservation of the target regions in the 3’UTR. 
- Some, but not all methods consider the role of homology with 3’ 
region of miR and the role of mRNA secondary structure that might 
hide target sequence 

More than 100 targets per miRNA are predicted.  
How reliable is the prediction ? Experimental validation required



HowHow manymany microRNAsmicroRNAs
are are presentlypresently knownknown ??

miRNA registry

If we assume about 100 mRNA targets
recognized by each miRNA, about
70.000 targets are expected

Under a simple Poisson distribution, 
we should expect about 90% of the 
known 25.000 human genes regulated
by the 678 miRNAs



Consistency of Tissue specific expression
of human miRNAs

Expressed miRNA:mRNA of each tissue may combine in ways that may
generate different biological outcomes





microRNAsmicroRNAs are are widelywidely
involvedinvolved in in humanhuman cancercancer



miRNAmiRNA signaturessignatures in in humanhuman cancercancer



miRNA name ANOVAa 

Probability
SVM 

prediction 
strengthb

Chromos map

Cancer Normal Cancer Normal
miR-009-1 1.36 1.01 0,0091 8.05 0.011 -0.102 1q22
miR-010b 1.11 1.7 0,0449 8.7 -0.032 0.299 2q31
miR-021 1.67 1.08 0,0047 10.2 0.025 -0.235 17q23.2
miR-034 1.67 1.09 0,0106 8.05 0.011 -0.106 1p36.22
miR-102 (miR-29b) 1.36 1.14 > 0.10 8.92 0.000 -0.004 1q32.2-32.3
miR-123 (miR-126) 0.92 1.13 0,0940 9.13 -0.015 0.138 9q34
miR-125a 1.2 1.73 0,0033 8.99 -0.04 0.381 19q13.4
miR-125b-1 1.3 2.87 0,0265 14.78 -0.096 0.915 11q24.1
miR-125b-2 1.26 2.63 0,0233 17.62 -0.106 1.006 21q11.2
miR-140-as 0.93 1.1 0,0695 11.01 -0.005 0.05 16q22.1
miR-145 1.52 3.61 0,0040 12.93 -0.158 1.502 5q32-33
miR-155(BIC) 1.75 1.37 0,0012 10.92 0.003 -0.03 21q21
miR-194 0.96 1.09 > 0.10 11.12 -0.025 0.234 1q41
miR-204 0.78 0.89 0,0022 8.1 -0.015 0.144 9q21.1
miR-213 3.72 2.47 0,0108 9.44 0.023 -0.22 1q31.3-q32.1

Median expression PAM scorec

A A miRNAmiRNA expression signature expression signature 
of human breast cancerof human breast cancer



A predictive miRNA signature for CLL

CLUSTER analysis

PREDICTION analysis



Eight microRNAs compose the signature 
that predicts lung cancer status. 

UpUphsahsa--mirmir--155155

DownDownhsahsa--mirmir--030a030a

UpUphsahsa--mirmir--191191

DownDownhsahsa--mirmir--123123

DownDownhsahsa--mirmir--030d030d

UpUphsahsa--mirmir--205205

UpUphsahsa--mirmir--210210

UpUphsahsa--mirmir--021021

Lung Cancer Lung Cancer 
ExpressionExpressionMicroRNAMicroRNA

Ten fold cross-validation was performed to assess misclassification 
error. Most divergent miRNAs in the two classes are listed on the top.



miRNAmiRNA commonly commonly 
deregulated in human deregulated in human 

neoplasmsneoplasms

miRNA Tipo di 
neoplasia

Espressione rispetto 
al tessuto normale

let-7a Mammella Sotto espresso
let-7a Polmone Sotto espresso
let-7e Colon Sotto espresso

mir-009-3 Colon Sotto espresso
mir-010b Mammella Sotto espresso
mir-017 Colon Sovra espresso
mir-020 Colon Sovra espresso
mir-021 Mammella Sovra espresso
mir-021 Colon Sovra espresso
mir-021 Polmone Sovra espresso
mir-023a Colon Sovra espresso
mir-023b Colon Sovra espresso
mir-024-1 Colon Sovra espresso
mir-026a B-CLL Sovra espresso
mir-030a Polmone Sotto espresso
mir-030b Polmone Sotto espresso
mir-030d Polmone Sotto espresso
mir-103 Colon Sovra espresso
mir-106 Colon Sovra espresso
mir-107 Colon Sovra espresso
mir-123 Polmone Sotto espresso
mir-125a Mammella Sotto espresso

mir-125b-1 Mammella Sotto espresso
mir-125b-2 Mammella Sotto espresso
mir-128a Colon Sotto espresso
mir-138-2 Colon Sotto espresso
mir-145 Mammella Sotto espresso
mir-145 Colon Sotto espresso
mir-145 Polmone Sotto espresso
mir-150 B-CLL Sovra espresso
mir-155 Linfomi Sovra espresso
mir-155 Mammella Sovra espresso
mir-155 Polmone Sovra espresso
mir-185 B-CLL Sotto espresso
mir-191 Colon Sovra espresso
mir-210 B-CLL Sotto espresso
mir-210 Polmone Sovra espresso
mir-212 Colon Sotto espresso
mir-213 B-CLL Sotto espresso
mir-213 Mammella Sovra espresso
mir-221 Colon Sovra espresso
mir-223 Colon Sovra espresso

Up-regulated miRs may act as oncogenes

Down-regulated miRs may act as tumor
suppressors

HOW ?



Some Some microRNAsmicroRNAs can can actact
asas oncogenesoncogenes



miRmiR--221 221 isis upup--regulatedregulated in in humanhuman hepatocellularhepatocellular
carcinoma and in carcinoma and in severalseveral otherother humanhuman cancerscancers

miR-221

In addition to hepatocellular
carcinomas, miR-221 is also up-
regulated in breast, colon, 
pancreas, stomach, thyroid, 
bladder carcinomas and in 
glioblastomas



The CDK The CDK inhibitorsinhibitors p27 and p57 p27 and p57 
are are bothboth controlledcontrolled byby miRmiR--221221

Luciferase assay using miR-221 or anti-miR-221



The CDK The CDK inhibitorsinhibitors
p27 and p57 are p27 and p57 are 

controlledcontrolled byby miRmiR--221221
in in primaryprimary HCCsHCCs



CellCell cyclecycle isis controlledcontrolled byby CDKsCDKs and and 
theirtheir inhibitorsinhibitors

p27

p27

p27

p27

p57

p57

p57

p57

miR-221miR-221

miR-221

The up-
regulation of 
miR-221

may block two
important cell
cycle inhibitors

and promote
cell cycle
progression



OncogenicOncogenic action of miRaction of miR--221221

The up-regulation of miR-221 blocks two
important cell cycle inhibitors and promote

cell cycle progression



Some Some microRNAsmicroRNAs can can actact
asas tumortumor suppressorssuppressors



Deletion 13q14 is the most common 
chromosomal aberration associated with

human CLL

Dohener et al. N Engl J Med, 2000



mirmir--15 and mir15 and mir--16 are 16 are withinwithin the minimal the minimal regionregion
of 13q of 13q deletiondeletion in in humanhuman CLLCLL
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miRmiR--15a/1615a/16--1 1 suppresssuppress
tumorigenicitytumorigenicity

MEG-01 is a 
megakaryocytic leukemic
cell line that lacks
miR15/16 because of 
homozygous deletions
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Expression of miR-15/16 promotes
apoptosis in the megakaryocytic cell

line MEG-01 

Cimmino et al., PNAS 2005

Effect of miR-15a / miR-16-1 
restoration in MEG-01 
human leukemic cells



BCL2 BCL2 isis target of mirtarget of mir--15/1615/16

These results suggest that loss of miR-15a/miR-16-1 in human CLL may lead
to the activation of the anti-apoptotic oncogene BCL2 in human CLL 

Cimmino et al., 2005



LuciferaseLuciferase assayassay confirmsconfirms thatthat BCL2 3’UTR BCL2 3’UTR 
isis targetedtargeted byby miRmiR--15a and miR15a and miR--1616--11

Luciferasi

BCL2 3’UTR

miR-15a/16-1

Sense and anti-sense
miR-15/16

WT and mutant (5nt del) 
BCL2 3’UTR



miR-15/16

miR-15/16

The loss of miR-15a/miR-16-1 in human CLL may
lead to the activation of the anti-apoptotic

oncogene BCL2, 

This mechanism may be responsible for the accumulation of a clonal cell
population more resistant to cell death stimuli



Nature Medicine, published online 19 October 2008

• Delivery of antagomirs specific for miR-15a and miR-16 to normal mouse prostate 
results in marked hyperplasia, and knockdown of miR-15a and miR-16 promotes 
survival, proliferation and invasiveness of untransformed prostate cells, which 
become tumorigenic in immunodeficient NOD-SCID mice.

• restoration of miR-15a and miR-16 expression in prostate cancer cells resulted in 
dramatic tumor regression.

• cyclin D1 and Wnt3a were shown to be targets of miR-15a and miR-16-1.  

• A single miRNA cluster miR-15 / miR-16 can modulate at least 
two biological functions relevant in cancer: apoptosis and cell 
cycle





SUPPRESSOR SUPPRESSOR 
TARGETSTARGETS

p27/p57
p21
HOXD10
PTEN
E2F
PUMA
DIABLO
BIM

RAS
HMGA2
BCL2
CDK4/6
CCND1
CCNE
ERBB2/3
BCL6

ONCOGENIC ONCOGENIC 
TARGETSTARGETS

miRNAmiRNA
OVEROVER--EXPRESSIONEXPRESSION

miR-21
miR-155
miR-221/222
miR-10b
miR-17-92
miR-25-93
miR-483-3p

Let-7
miR-15/16
miR-125
miR-145
miR-127
miR-34a/b/c

miRNAmiRNA
DOWNDOWN--REGULATIONREGULATION

Stress stimuli (HIF-1, p53)

Deletions
Mutations

DNA 
methylation

Amplifications
Activated

Transcription
Factors

(MYC, TWIST)

Differentiation
Apoptosis
Proliferation 
Angiogenesis
Invasion
Metastasis



Evading Apoptosis

miR-125a/b ERBB2, ERBB3
miR-199a* MET
miR-1 MET
Let-7 KRAS, NRAS, HRAS
miR-21 PTEN

miR-15a/16-1 BCL2
miR-21 PDCD4
miR-17/92 E2F, BCL2L11/BIM

Independence from
external control through

the activation of
RTKs, RAS, PI3K/AKT signaling

miR-15a/16-1 CCND1
miR-17/92 CDKN1A/p21
miR-221/222 CDKN1B/p27
miR-221/222 CDKN1C/p57

Promoting Cell cycle

Promoting Angiogenesis

Promoting
Invasion

EMT
Metastasis

miR-21 PDCD4
miR-199a* MET
miR-10b HOXD10
miR-373 CD44
miR-520c CD44
miR-335
miR-126
miR-206
miR-200 ZEB1/2
miR-210

miR-17/92 CTGF
miR-17/92 TSP1

Early cellular
transforming events

Advanced cancer
features
modulated by
interaction with
surrounding
environment





microRNAmicroRNA expressionexpression
asas prognosticprognostic markermarker



High High expressionexpression of miRof miR--221 221 isis associatedassociated withwith
a a shortershorter time time toto recurrencerecurrence in HCCin HCC

Time to recurrence (days) Time to recurrence (days)



miRmiR--155 and Let155 and Let--7a 7a expressionexpression associatedassociated withwith
lunglung adenocarcinomaadenocarcinoma patients’patients’ survivalsurvival

Yanaihara et al., Cancer Cell, 2006



miRmiR--210 210 expressionexpression inverselyinversely correlatedcorrelated withwith
overalloverall and and diseasedisease--freefree survivalsurvival in in breastbreast

cancercancer patientspatients

Camps et al., Clin Cancer Res, 2008



N Eng J Med 353:1793, 2005

microRNA prognostic signature in CLL: 
Time to initial treatment signature



A 20A 20--miRNA miRNA signaturesignature associatedassociated
withwith metastasismetastasis and and survivalsurvival in HCCin HCC

Budhu et al., Hepatology, 2008



miRNAsmiRNAs asas cancercancer diagnosticdiagnostic toolstools

ClearlyClearly thesethese resultsresults establishedestablished the the potentialpotential
usefulnessusefulness of of microRNAmicroRNA expressionexpression in in cancercancer
stratificationstratification and and riskrisk assessmentassessment
ProspecticProspectic studiesstudies are are stillstill requiredrequired toto validatevalidate
theirtheir useuse in in clinicsclinics
HoweverHowever, , itit remainsremains surprisingsurprising thatthat suchsuch a a smallsmall
numbernumber of of genesgenes (little more (little more thanthan 500) could 500) could bebe
usedused toto gain a gain a levellevel of of informationinformation thatthat isis onlyonly
achievableachievable byby the the useuse of of genomegenome--widewide
microarraymicroarray investigationsinvestigations



microRNAsmicroRNAs asas targetstargets
of of molecularmolecular therapytherapy ??



SilencingSilencing of miRof miR--122 in 122 in nonnon--humanhuman
primatesprimates byby LNALNA--antimiRantimiR

from Elmén et al. Nature 452, 896-899(17 April 2008) 



AntiAnti--cancercancer antianti--miRmiR therapytherapy ??

thesethese resultsresults establishedestablished the the basisbasis ((safetysafety and and efficacyefficacy) ) 
forfor the the useuse of of antianti--miRmiR in in clinicalclinical trialstrials

AdditionalAdditional antianti--miRsmiRs maymay potentiallypotentially bebe usedused in in antianti--
cancercancer therapytherapy: the : the severalseveral ““oncogeniconcogenic” ” miRsmiRs (miR(miR--21, 21, 
miRmiR--221, miR221, miR--10b, miR10b, miR--373 and 373 and othersothers) ) couldcould becomebecome
targetstargets of of antianti--miRsmiRs therapytherapy





NEJM 353:1793, 2005

GermGerm--line mutations in line mutations in miRNAmiRNA genesgenes
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About humans and mice: same genes About humans and mice: same genes -- same diseasesame disease

* NZB strain naturally develop CLL-like disease during aging;



NZB mouse NZB mouse strainstrain presentspresents a a pointpoint mutationmutation nearnear the 3’ the 3’ 
end of miRend of miR--15/16 15/16 prepre--miRNAmiRNA at 1 at 1 nucleotidenucleotide

differencedifference fromfrom the the mutationmutation foundfound in in humanhuman CLLCLL

Raveche et al., Blood (2007)



NZB mouse NZB mouse strainstrain presentspresents a a pointpoint mutationmutation nearnear the 3’ end of the 3’ end of 
miRmiR--15/16 15/16 prepre--miRNAmiRNA and a and a reducedreduced expressionexpression of miRof miR--1616--11

Raveche et al., Blood (2007)



MirMir--15a/1615a/16--1 1 mutationmutation isis responsibleresponsible forfor
CLL in the NZB mouse CLL in the NZB mouse strainstrain

The The mutationmutation foundfound in the NZB in the NZB strainstrain isis notnot foundfound in in 
anyany otherother mouse mouse strainstrain, , includingincluding the the nearestnearest neighborneighbor
NZWNZW
ExogenousExogenous miRmiR--16 16 delivereddelivered toto NZB NZB malignantmalignant BB--1 1 
cellscells resultedresulted in in cellcell cyclecycle alterationsalterations and and increasedincreased
apoptosisapoptosis
The The authorsauthors conclude conclude thatthat the the alteredaltered expressionexpression of of 
miRmiR--15a/1615a/16--1 1 clustercluster causedcaused byby the the pointpoint mutationmutation isis
responsibleresponsible forfor CLL in the NZB mouse CLL in the NZB mouse strainstrain

Raveche et al., Blood (2007)



CCouldould germlinegermline mutationsmutations in in miRNAsmiRNAs bebe
involvedinvolved in in cancercancer predispositionpredisposition ??

ShenShen, J., et al. (2009) Novel genetic variants in microRNA , J., et al. (2009) Novel genetic variants in microRNA 
genes and familial breast cancer. genes and familial breast cancer. IntInt J J CancerCancer, 124:1178, 124:1178--1182.1182.

IncreasedIncreased mature mature miRNAmiRNAFamilialFamilial breastbreast cancercancerC C toto TTmiRmiR--1717

WuWu M, M, etet al: al: GeneticGenetic variationsvariations of of microRNAsmicroRNAs in in humanhuman
cancercancer and and theirtheir effectseffects on the on the expressionexpression of of miRNAsmiRNAs. . 
CarcinogenesisCarcinogenesis 2008, 29:17102008, 29:1710--1716.1716.

DecreasedDecreased mature mature miRNAmiRNAVariousVarious cancerscancersG G toto AALetLet--7e7e

JazdzewskiJazdzewski K, K, etet al: Common SNP in preal: Common SNP in pre--miRmiR--146a 146a decreasesdecreases
mature mature miRmiR expressionexpression and and predisposespredisposes toto papillarypapillary thyroidthyroid
carcinoma. carcinoma. ProcProc NatlNatl AcadAcad Sci U S A 2008, 105:7269Sci U S A 2008, 105:7269--7274.7274.

DecreasedDecreased mature mature miRNAmiRNAThyroidThyroid cancercancerG G toto CCmiRmiR--146146

HuHu Z, Z, etet al.: al.: GeneticGenetic variantsvariants of of miRNAmiRNA sequencessequences and and nonnon--
smallsmall cellcell lunglung cancercancer survivalsurvival. J . J ClinClin InvestInvest 2008.2008.

DecreasedDecreased mature mature miRNAmiRNANonNon--smallsmall cellcell lunglung
cancercancer

C C toto TTmiRmiR--196a196a

RavecheRaveche ES, ES, etet al.: al.: AbnormalAbnormal microRNAmicroRNA--16 16 locuslocus withwith
syntenysynteny toto humanhuman 13q14 13q14 linkedlinked toto CLL in NZB CLL in NZB micemice. . BloodBlood
2007, 109:50792007, 109:5079--5086.5086.

Decreased levels of miRDecreased levels of miR--16 16 
expression in lymhoproliferative expression in lymhoproliferative 
tissuestissues

BB--lymphoproliferativelymphoproliferative
diseasedisease in in micemice

NZB strain
specific (A-
to-T) + 6 nt

miRmiR--15a/1615a/16--1 1 
clustercluster

CalinCalin GA, GA, etet al.: A al.: A MicroRNAMicroRNA signaturesignature associatedassociated withwith
prognosisprognosis and and progressionprogression in in chronicchronic lymphocyticlymphocytic leukemialeukemia. N . N 
EnglEngl J J MedMed 2005, 353:17932005, 353:1793--1801.1801.

Decreased expression of mature Decreased expression of mature 
miRNA and failure to decrease miRNA and failure to decrease 
BCL2 protein levelsBCL2 protein levels

SporadicSporadic and and familialfamilial
CLLCLL

GermGerm--lineline
(C(C--toto--T) + 7 T) + 7 
ntnt

miRmiR--15a/1615a/16--1 1 
clustercluster

ReferenceReferenceFunctionalFunctional consequencesconsequencesCancerCancer
associationassociation

VariationVariationmicroRNAmicroRNA



MMoreoveroreover, , couldcould germlinegermline ““polymorphismspolymorphisms” ” 
in 3’in 3’UTRsUTRs affectaffect miRNAmiRNA interactionsinteractions and, and, 

thereforetherefore, gene , gene expressionexpression ??

He, H., Jet al (2005) The role of microRNA genes in papillary thHe, H., Jet al (2005) The role of microRNA genes in papillary thyroid yroid 
carcinoma. Proc Natl Acad Sci U S A, 102:19075carcinoma. Proc Natl Acad Sci U S A, 102:19075--19080.19080.

ThyroidThyroid cancercancermiRmiR--221/222221/222G/AG/AKITKIT

Chin, L.J., et al (2008) A SNP in a letChin, L.J., et al (2008) A SNP in a let--7 microRNA complementary site in 7 microRNA complementary site in 
the KRAS 3' untranslated region increases nonthe KRAS 3' untranslated region increases non--small cell lung cancer risk. small cell lung cancer risk. 
Cancer Res, 68:8535Cancer Res, 68:8535--8540.8540.

NonNon--smallsmall cellcell lunglung cancercancerLetLet--77T/GT/GKRASKRAS

Landi, D., et al (2008) Polymorphisms within microLandi, D., et al (2008) Polymorphisms within micro--RNARNA--binding sites and binding sites and 
risk of sporadic colorectal cancer. Carcinogenesis, 29:579risk of sporadic colorectal cancer. Carcinogenesis, 29:579--8484

ColorectalColorectal cancercancermiRmiR--337, 337, --582, 582, --
200a*, 200a*, --184, 184, --212212

G/CG/CCD86CD86

BrendleBrendle, A., et al (2008) Polymorphisms in predicted microRNA, A., et al (2008) Polymorphisms in predicted microRNA--binding binding 
sites in integrin genes and breast cancer: ITGB4 as prognostic msites in integrin genes and breast cancer: ITGB4 as prognostic marker. arker. 
CarcinogenesisCarcinogenesis, 29:1394, 29:1394--1399.1399.

BreastBreast cancercancermiRmiR--34a34aG/AG/AITGB4ITGB4

ReferenceReferenceTypeType of of cancercancermiRNAmiRNA targettargetVariationVariationGeneGene
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