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MicroRNAs 221 and 222 inhibit normal erythropoiesis 
and erythroleukemic cell growth via kit receptor down-
modulation 

MicroRNAs (miRNAs or miRs) are small noncoding RNAs that regulate gene expression 
primarily through translational repression. In erythropoietic (E) culture of cord blood CD34+ 
progenitor cells, the level of miR 221 and 222 is gradually and sharply down-modulated. 
Hypothetically, this decline could promote erythropoiesis by unblocking expression of key 
functional proteins. Indeed: i) bioinformatic analysis suggested that miR 221 and 222 target the 
3’ UTR of kit mRNA; ii) the luciferase assay confirmed that both miRNAs directly interact with 
the kit mRNA target site; and iii) in E culture undergoing exponential cell growth, miRNA 
down-modulation is inversely related to increasing kit protein expression, whereas the kit 
mRNA level is relatively stable. Functional studies show that treatment of CD34+ progenitors 
with miR 221 and 222, via oligonucleotide transfection or lentiviral vector infection, causes 
impaired proliferation and accelerated differentiation of E cells, coupled with down-modulation 
of kit protein: this phenomenon, observed in E culture releasing endogenous kit ligand, is 
magnified in E culture supplemented with kit ligand. Furthermore, transplantation experiments 
in NOD-SCID mice reveal that miR 221 and 222 treatment of CD34+ cells impairs their 
engraftment capacity and stem cell activity. Finally, miR 221 and 222 gene transfer impairs 
proliferation of the kit+ TF-1 erythroleukemic cell line. Altogether, our studies indicate that the 
decline of miR 221 and 222 during exponential E growth unblocks kit protein production at 
mRNA level, thus leading to expansion of early erythroblasts. Furthermore, the results on kit+ 
erythroleukemic cells suggest a potential role of these miRNAs in cancer therapy (Felli et al., 
2005). 

MicroRNA-133 controls cardiac hypertrophy 

Growing evidence indicates that miRNAs are involved in basic cell functions and 
oncogenesis. Here we report that miR-133 has a critical role in determining cardiomyocyte 
hypertrophy. We observed decreased expression of both miR-133 and miR-1, which belong to 
the same transcriptional unit, in mouse and human models of cardiac hypertrophy. In vitro 
overexpression of miR-133 or miR-1 inhibited cardiac hypertrophy. In contrast, suppression of 
miR-133 by “decoy” sequences induced hypertrophy, which was more pronounced than that 
after stimulation with conventional inducers of hypertrophy. In vivo inhibition of miR-133 by a 
single infusion of an antagomir caused marked and sustained cardiac hypertrophy. We identified 
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specific targets of miR-133: RhoA, a GDP-GTP exchange protein regulating cardiac 
hypertrophy; Cdc42, a signal transduction kinase implicated in hypertrophy; and Nelf-
A/WHSC2, a nuclear factor involved in cardiogenesis. Our data show that miR-133, and 
possibly miR-1, are key regulators of cardiac hypertrophy, suggesting their therapeutic 
application in heart disease (Carè et al., 2007). 

MicroRNAs 17-5p-20a-106a control monocytopoiesis 
through AML1 targeting and M-CSF receptor 
upregulation 

We investigated the role of miRNA 17-5p, 20a and 106a in monocytic differentiation and 
maturation. In unilineage monocytic culture generated by haematopoietic progenitor cells these 
miRNAs are downregulated, whereas the transcription factor acute myeloid leukaemia-1 
(AML1; also known as Runt-related transcription factor 1, Runx1) is upregulated at protein but 
not mRNA level. As miRNAs 17-5p, 20a and 106a bind the AML1 mRNA 3’UTR, their decline 
may unblock AML1 translation. Accordingly, transfection with miRNA 17-5p-20a-106a 
suppresses AML1 protein expression, leading to M-CSF receptor (M-CSFR) downregulation, 
enhanced blast proliferation and inhibition of monocytic differentiation and maturation. 
Treatment with anti-miRNA 17-5p, 20a and 106a causes opposite effects. Knockdown of 
AML1 or M-CSFR by short interfering RNA (siRNA) mimics the action of the miRNA 17-5p-
20a-106a, confirming that these miRNAs target AML1, which promotes M-CSFR transcription. 
In addition, AML1 binds the miRNA 17-5p-92 and 106a-92 cluster promoters and 
transcriptionally inhibits the expression of miRNA 17-5p-20a-106a. These studies indicate that 
monocytopoiesis is controlled by a circuitry involving sequentially miRNA 17-5p-20a-106a, 
AML1 and M-CSFR, whereby miRNA 17-5p-20a-106a function as a master gene complex 
interlinked with AML1 in a mutual negative feedback loop (Fontana et al., 2007). 

A three-step pathway comprising PLZF/miR-
146a/CXCR4 controls megakaryopoiesis 

We have identified a regulatory pathway in normal megakaryopoiesis, involving the PLZF 
transcription factor, miR-146a and the SDF-1 receptor CXCR4. In leukaemic cell lines PLZF 
overexpression downmodulated miR-146a and upregulated CXCR4 protein, whereas PLZF 
knockdown induced the opposite effects. In vitro assays showed that PLZF interacts with and 
inhibits the miR-146a promoter, and that miR-146a targets CXCR4 mRNA, impeding its 
translation. In megakaryopoietic cultures of CD34(+) progenitors, PLZF was upregulated, 
whereas miR-146a expression decreased and CXCR4 protein increased. MiR-146a 
overexpression and PLZF or CXCR4 silencing impaired megakaryocytic (Mk) proliferation, 
differentiation and maturation, as well as Mk colony formation. Mir-146a knockdown induced 
the opposite effects. Rescue experiments indicated that the effects of PLZF and miR-146a are 
mediated by miR-146a and CXCR4, respectively. Our data indicate that megakaryopoiesis is 
controlled by a cascade pathway, in which PLZF suppresses miR-146a transcription and thereby 
activates CXCR4 translation (Labbaye et al., 2008). 
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The miR-15a-miR-16-1 cluster controls prostate cancer 
by targeting multiple oncogenic activities 

MiR-15a and miR-16-1 act as putative tumor suppressors by targeting the oncogene BCL2. 
These miRNAs form a cluster at the chromosomal region 13q14, which is frequently deleted in 
cancer. Here, we report that the miR-15a and miR-16-1 cluster targets CCND1 (encoding cyclin 
D1) and WNT3A, which promotes several tumorigenic features such as survival, proliferation 
and invasion. In cancer cells of advanced prostate tumors, the miR-15a and miR-16 level is 
significantly decreased, whereas the expression of BCL2, CCND1 and WNT3A is inversely 
upregulated. 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. Conversely, reconstitution of miR-15a and miR-16-1 
expression results in growth arrest, apoptosis and marked regression of prostate tumor 
xenografts. Altogether, we propose that miR-15a and miR-16 act as tumor suppressor genes in 
prostate cancer through the control of cell survival, proliferation and invasion. These findings 
have therapeutic implications and may be exploited for future treatment of prostate cancer 
(Bonci et al., 2008). 

Antagomir-17-5p abolishes the growth of therapy-
resistant neuroblastoma through p21 and BIM 

We identified a key oncogenic pathway underlying neuroblastoma progression: specifically, 
MYCN, expressed at elevated level, transactivates the miRNA 17-5p-92 cluster, which inhibits 
p21 and BIM translation by interaction with their mRNA 3’ UTRs. Overexpression of miRNA 
17-5p-92 cluster in MYCN-not-amplified neuroblastoma cells strongly augments their in vitro 
and in vivo tumorigenesis. In vitro or in vivo treatment with antagomir-17-5p abolishes the 
growth of MYCN-amplified and therapy-resistant neuroblastoma through p21 and BIM 
upmodulation, leading to cell cycling blockade and activation of apoptosis, respectively. In 
primary neuroblastoma, the majority of cases show a rise of miR-17-5p level leading to p21 
downmodulation, which is particularly severe in patients with MYCN amplification and poor 
prognosis. Altogether, our studies demonstrate for the first time that antagomir treatment can 
abolish tumor growth in vivo, specifically in therapy-resistant neuroblastoma (Fontana et al., 
2008). 

The promyelocytic leukemia zinc finger-microRNA-221/-
222 pathway controls melanoma progression 
through multiple oncogenic mechanisms 

The incidence of cutaneous melanoma is steadily increasing. Although several molecular 
abnormalities have been associated with melanoma progression, the mechanisms underlying the 
differential gene expression are still largely unknown and targeted therapies are not yet 
available. MiRNAs have been recently reported to play important roles in major cellular 
processes, including those involved in cancer development and progression. We have identified 
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the promyelocytic leukemia zinc finger (PLZF) transcription factor as a repressor of miR-221 
and miR-222 by direct binding to their putative regulatory region. Specifically, PLZF silencing 
in melanomas unblocks miR-221 and miR-222, which in turn controls the progression of the 
neoplasia through down-modulation of p27Kip1/CDKN1B and c-KIT receptor, leading to 
enhanced proliferation and differentiation blockade of the melanoma cells, respectively. In vitro 
and in vivo functional studies, including the use of antisense “antagomir” oligonucleotides, 
confirmed the key role of miR-221/-222 in regulating the progression of human melanoma; this 
suggests that targeted therapies suppressing miR-221/-222 may prove beneficial in advanced 
melanoma (Felicetti et al., 2008). 

MicroRNA 155 modulates megakaryopoiesis 
at progenitor and precursor level by targeting Ets-1 
and Meis1 transcription factors 

This study focused on the functional role of miR 155 on megakaryocytic (MK) 
differentiation of human cord blood CD34(+) haematopoietic progenitor cells (HPCs). miR 155, 
abundantly expressed in early HPCs, decreases sharply during MK differentiation. Functional 
studies showed that enforced expression of miR 155 impairs proliferation and differentiation of 
MK cells. Furthermore, HPCs transfected with miR 155 showed a significant reduction of their 
MK clonogenic capacity, suggesting that down-modulation of this miRNA favours MK 
progenitor differentiation. Consistent with this observation, miR 155 down-regulates, by 
directly binding to their 3’-UTR, the expression of Ets-1 and Meis1, two transcription factors 
with well-known functions in MK cells. These results show that the decline of miR 155 is 
required for MK proliferation and differentiation at progenitors and precursors level and 
indicate that sustained expression of miR 155 inhibits megakaryopoiesis (Romania et al., 2008). 

NFI-A switches the fate of hematopoietic progenitors 
to the erythroid or granulocytic lineage through 
regulation of β-globin and G-CSF receptor 

Previous studies indicated that the nuclear factor I-A (NFI-A) is a negative regulator of 
granulopoietic differentiation in leukemic cell lines, controlled by miR 223. We now show that 
in normal human hematopoiesis NFI-A is sharply upmodulated in the erythroid (E) lineage, 
while it is fully suppressed in the granulopoietic (G) series. In unilineage E culture of 
hematopoietic progenitor cells (HPCs) NFI-A overexpression or knockdown accelerates or 
blocks erythropoiesis respectively: notably, NFI-A overexpression restores E differentiation in 
the presence of low or minimal erythropoietin stimulus. In unilineage G culture NFI-A 
knockdown conversely induces a sharp inhibition of granulopoiesis. Finally, in bilineage E+G 
culture NFI-A overexpression or suppression drives HPCs into the E or G differentiation 
pathway respectively. These NFI-A actions are mediated in part by direct transcriptional 
activation of the β-globin gene and suppression of the G-CSF receptor gene. Altogether, the 
results indicate that in early hematopoiesis the NFI-A expression level acts as a switching factor 
channelling HPCs and early precursors into either the E or G lineage, in part through 
transcriptional control of β-globin and G-CSF receptor (Starnes et al., submitted). 

 292



Rapporti ISTISAN 09/5 

 293

Publications of the project 

Bonci D, Coppola V, Musumeci M, Addario A, Giuffrida R, Memeo L, D’Urso L, Pagliuca A, Biffoni M, 
Labbaye C, Bartucci M, Muto G, Peschle C, De Maria R. The miR-15a-miR-16-1 cluster controls 
prostate cancer by targeting multiple oncogenic activities. Nat Med 2008;14(11):1271-7. Epub 2008 Oct 
19. 

Carè A, Catalucci D, Felicetti F, Bonci D, Addario A, Gallo P, Bang ML, Segnalini P, Gu Y, Dalton ND, 
Elia L, Latronico MV, Høydal M, Autore C, Russo MA, Dorn GW 2nd, Ellingsen O, Ruiz-Lozano P, 
Peterson KL, Croce CM, Peschle C, Condorelli G. MicroRNA-133 controls cardiac hypertrophy. Nat 
Med 2007;13(5):613-8. 

Felicetti F, Errico MC, Bottero L, Segnalini P, Stoppacciaro A, Biffoni M, Felli N, Mattia G, Petrini M, 
Colombo MP, Peschle C, Carè A. The promyelocytic leukemia zinc finger-microRNA-221/-222 
pathway controls melanoma progression through multiple oncogenic mechanisms. Cancer Res 
2008;68(8):2745-54. 

Felli N, Fontana L, Pelosi E, Botta R, Bonci D, Facchiano F, Liuzzi F, Lulli V, Morsilli O, Santoro S, 
Valtieri M, Calin GA, Liu CG, Sorrentino A, Croce CM, Peschle C. MicroRNAs 221 and 222 inhibit 
normal erythropoiesis and erythroleukemic cell growth via kit receptor down-modulation. Proc Natl 
Acad Sci 2005;102(50):18076-81.  

Fontana L, Fiori ME, Albini S, Cifaldi L, Giovinazzi S, Forloni M, Boldrini R, Donfrancesco A, Federici V, 
Giacomini P, Peschle C, Fruci D. Antagomir-17-5p abolishes the growth of therapy-resistant 
neuroblastoma through p21 and BIM. PLoS ONE 2008;3(5):e2236.. 

Fontana L, Pelosi E, Greco P, Racanicchi S, Testa U, Liuzzi F, Croce CM, Brunetti E, Grignani F, Peschle 
C. MicroRNAs 17-5p-20a-106a control monocytopoiesis through AML1 targeting and M-CSF receptor 
upregulation. Nat Cell Biol 2007;9:775-87. 

Labbaye C, Spinello I, Quaranta MT, Pelosi E, Pasquini L, Petrucci E, Biffoni M, Nuzzolo ER, Billi M, Foà 
R, Brunetti E, Grignani F, Testa U, Peschle C. A three-step pathway comprising PLZF/miR-
146a/CXCR4 controls megakaryopoiesis. Nat Cell Biol 2008;10(7):788-801. 

Romania P, Lulli V, Pelosi E, Biffoni M, Peschle C, Marziali G. MicroRNA 155 modulates 
megakaryopoiesis at progenitor and precursor level by targeting Ets-1 and Meis1 transcription factors. 
Br J Hematol 2008;143(4):570-80. 

Starnes LM, Sorrentino A, Pelosi E, Ballarino M, Morsilli O, Biffoni M, Santoro S, Felli N, Castelli G, De 
Marchis ML, Mastroberardino G, Gabbianelli M, Fatica A, Bozzoni I, Nervi C, Peschle C. NFI-A 
switches the fate of hematopoietic progenitors to the erythroid or granulocytic lineage through regulation 
of β-globin and G-CSF receptor. Submitted. 

 


