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Fig. S1. Direct interaction of miR-17, 19, 22, 25 and 302 with PTEN 3'UTR. (A) (left) PTEN 3' 
UTR sequence. The seed matches for miR-17 (red), 19 (yellow), 22 (brown), 25 (blue) and 302 
(grey) are highlighted. Position is counted starting from the first nucleotide after the PTEN stop 
codon. miR-17 (GCACTTT) and miR-302 (GGCACTT) seed matches are shifted by 1 nucleotide. 
(right) Sequences of the mature miRNAs belonging to the five families analyzed in this study. The 
miRNA seed sequence shared by all the members of a family is underlined and in bold. (B) 
Schematic representation of the seed matches included in p1 and p2 chimeric luciferase reporter 
plasmids and by the 3 sets of primers used to analyze the length of the PTEN 3'UTR in the 
DU145 and PWR-1E cell lines (see E): F1-R1 (red); F2-R2 (yellow); F3-R3 (blue). (C) Mutant 
luciferase plasmids with impaired miRNA binding. The miRNA seed sequences and plasmid 
seed matches are underlined. Canonical and non canonical (GT) pairings are indicated with 
straight or dotted lines, respectively. Every other base of the seed match was mutated. (D) The 
wt p1 or the mutant p1-mut-17/302 plasmids were transfected into DU145 cells together with the 
antisense inhibitor of miR-93 (I-93) as a representative inhibitor of the PTEN-targeting miRNAs. I-
93 increased luciferase activity only of the wt plasmid, but not that of the mutant plasmid. This 
confirms that miR-93 binds to and is released from PTEN 3'UTR only when the seed match is wt. 
I-C: control inhibitor. (E) Total RNA was extracted from DU145 (D) and PWR-1E (1E) cells, 
retrotranscribed and amplified by PCR using 3 sets of primers: F1-R1 encompass the miR-
17/302 and the miR-22 seed matches; F2-R2 encompass the miR-19 seed match and F3-R3 
encompass the miR-25 seed match. The presence of the PCR product indicates that in these two 
cell lines PTEN 3'UTR is long enough to contain the seed matches for all the studied miRNA
families. PCR amplification from genomic DNA (G) was used as positive control. The F4-R4 set 
of primers was used to check for the absence of contaminating genomic DNA. These primers 
recognize two consecutive exons of the ATP1A1 gene (ATPase, Na+/K+ transporting alpha1 
polypeptide). If amplification occurs from genomic DNA, a 372bp band is obtained; if amplification 
occurs from cDNA, a 235bp band is obtained. The presence of the smaller band indicates that 
the cDNA obtained from DU145 and PWR-1E is free of genomic contamination.
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Fig. S2. miR-17, 19, 22, 25 and 302 families cause a decrease in the abundance of  PTEN
mRNA. Real time PCR of PTEN 24h after the transfection of control si-Luc, the indicated si-
miRNAs, or siRNA directed against human PTEN (si-PTEN) in DU145 prostate cancer cells.
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Fig. S3. Cooperation between different miRNAs in decreasing PTEN abundance. (A) The indicated 
miRNAs were transfected in PWR-1E either alone or in combination (mix). PTEN abundance was analyzed 
48h later by Western Blot. (B) miR-25 (miR-25 family) and miR-93 (miR-17 family), which both belong to miR-
106b~25 cluster, cooperate to decrease PTEN abundance.
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Fig. S4. Score categories for in situ 
hybridization of miRNAs. TMA 
samples were considered negative 
(score 0 to 1) or positive (score 2 to 4) 
for miRNAs depending on intensity of 
the staining. A representative sample 
for each condition (upper) and a 
description of the observed staining 
(lower) are presented.
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Fig. S5. The concomitant presence of miR-22, miR-25, miR-93 and miR-106b 
increases the probability of Akt phosphorylation. (A) Correlation between the 
positivity for pAkt and the positivity for miR-22 and miR-106b~25 miRNAs. (B) 
Percentage of pAkt negative (white) and positive (grey) tumors among those negative 
for miR-22, 25, 93 and 106b (all neg), positive for at least one of these miRNAs (other 
comb) or positive for all of them (all pos).
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Fig. S6. Analysis of DU145 stably infected with members of the miR-106b~25 cluster. (A) Real time PCR shows that the abundance of the 3 mature 
miRNAs is higher in PIG/106b~25 infected cells than in PIG control cells (left). The increase in miRNA abundance is accompanied by a decrease in PTEN 
(middle, Western Blot analysis) and an increase in PIP3 production (right). (B) Overexpression of the miR-106b~25 cluster causes an increase in the number of 
colonies formed by DU145 in semisolid medium. (C) (left) Growth in soft agar of DU145 cells stably infected with PIG/106b~25 and MSCV-neo-Flag-PTEN 
plasmids. PTEN expressed by MSCV-neo-Flag-PTEN contains the entire open reading frame, but lacks the 3'UTR, so that it cannot be targeted by the intronic
miRNAs. (right) anti-Flag antibody is used to detect exogenous PTEN. (D, E) Analysis of the tumors formed after the injection of PIG and PIG/106b~25 infected 
cells into the flank of nude mice. (D) H&E staining of the tumors highlights the presence of more mitotic figures (arrows) in PIG/106b~25 tumors than in control 
PIG tumors (upper); in situ hybridization confirms the increased abundance of a representative miRNA of the cluster (miR-106b, middle); IHC of pAkt shows that 
the increased abundance of miR-106b~25 cluster is associated with increased Akt phosphorylation (lower). (E) Real time PCR shows that mature miRNA
abundance (upper) is higher in PIG/106b~25 xenografts compared to PIG empty xenografts. The opposite applies to PTEN mRNA (lower). White bars: PIG; grey 
bars: PIG/106b~25. 
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Fig. S7. shPten partially mimics miR-22 and miR-106b~25 cluster. (A) DU145 
cells were stably infected with a pSUPER-shEGFP control or pSUPER-shPten. 
shPten induced a <50% reduction in PTEN abundance (upper, Western Blot) and a 
1.5 fold increase in the number of colonies formed in soft agar (lower). (B) 
Transformation assay performed in wt MEF by co-infecting pSUPER-shPten and 
MSCV empty, MSCV/c-MYC, MSCV/RasV12, MSCV/E1A or MSCV/MCM7 plasmids. 
The <50% decrease in Pten abundance caused by shPten (upper, Western Blot), as 
well as the number of colonies formed in soft agar (lower) are shown.
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Fig. S8. Constructs for expressing human MCM7 and the intronic miR-106b~25 cluster. (A) Strategy used to insert the miRNA-
containing intron 13 into the MCM7 coding sequence. Human MCM7 coding sequence was subcloned into pcDNA3.1/His C expression 
plasmid, so that pcDNA/MCM7 plasmid was obtained. Then, a fragment encompassing MCM7 exon 13, intron 13, and exon 14 was 
amplified by PCR from human genomic DNA. This PCR fragment and pcDNA/MCM7 were both cut with BsaAI (green line) and EarI
(yellow line), enzymes with unique restriction sites in exon 13 and exon 14, respectively. In this way, the miRNA-containing intron 13 
was inserted between MCM7 exon 13 and exon 14 and the pcDNA/MCM7i13 plasmid was generated. pcDNA/i13 was derived from 
pcDNA/MCM7i13 by inserting a point mutation that transforms the sixth amino acid of MCM7 (TAC, Tyr) into a stop codon (TAA, 
STOP). H: HA tag; X: Xpress tag; gray boxes: MCM7 coding sequence; red and blue boxes: miR-93/106b and miR-25 genes. (B) 
Representative Western Blot of U2OS cells mock-transfected (M) or transiently transfected with the empty pcDNA3.1/His C plasmid (1), 
pcDNA/MCM7 (2), pcDNA/MCM7i13 (3) or pcDNA/i13 (4). The Xpress tag and MCM7 protein were detected 24 and 48h later. The 
comparable size and amount of tagged MCM7 protein translated from pcDNA/MCM7 and pcDNA/MCM7i13 plasmids indicate that the 
intron 13 is correctly spliced out of the MCM7 coding sequence. In contrast, pcDNA/i13 does increase in MCM7 above endogenous 
amounts because of the early stop codon. (C) Real time PCR performed on the same cells as in B. One set of primers recognizing 
MCM7 coding sequence (dark gray bars) and one set recognizing intron 13 (pri-miR-106b~25) (light gray bars) were used. (D) Real 
time PCR for mature miRNA performed on the same cells as in B. Both pcDNA/MCM7i13 and pcDNA/i13, but not pcDNA/MCM7, 
increased pri-miR-106b~25 and mature miR-106b, miR-93, and miR-25. The increase in precursor abundance was comparable 
between the 2 constructs, but the processing from pcDNA/i13 appeared to be more efficient, leading to greater amounts of the mature 
miRNAs. This is probably because precursor mRNA transcribed from pcDNA/i13 is used for miRNA maturation and not for protein 
translation. (E) U2OS were transfected with pcDNA/MCM7 and pcDNA/MCM7i13 and selected under G418 for 3 weeks. Xpress
presence and PTEN abundance were detected in 4 independent clonal populations. Only the pcDNA/MCM7i13 and not the 
pcDNA/MCM7 construct decreased PTEN abundance, further confirming the intron 13-miRNAs as PTEN-targeting.
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Fig. S9. Transgene expression in the Pb/MCM7i13 lines. (A) The abundance of the transgenic 
construct was measured by real time PCR using one set of primers recognizing intron 13 (pri-miR-
106b~25) (left) and another set recognizing the intron 13-exon 14 boundary (right). A representative low 
expressor (46), medium expressor (2) and high expressor (18) line is shown. Wild type (wt) mice were 
negative with both sets of primers. (B) Real time PCR of miR-106b, miR-93 and miR-25 in the prostate of 
transgenic mice belonging to the indicated lines. The 3 miRNAs show a progressive enrichment over 
endogenous amounts. The mature sequence of the 3 miRNAs is conserved between human and mouse 
(http://microrna.sanger.ac.uk/sequences/index.shtml). (C) Detection of MCM7 (IHC) and miR-93 (ISH) in 
the prostate of 3 month old transgenic mice belonging to line 18.



Poliseno Figure S10

A

wt 18 88
10 0

10 1

10 2

10 3

hM
CM

7  
ab

un
da

nc
e 

(a
.u

.)
0

20

40

60

80

100

Neg
HP
PIN

%
 o

f m
ice

B

Pb/MCM7i13 
HE #18

Pb/MCM7 
HE #88

Neg
9%

(1/11)

9% 
(1/11)

82% 
(9/11)

HP

100%
(17/17)

/

PIN /

Mi13 M

BamHI BamHI

MCM7

Pb SV40 pAMCM7

1.9Kb

C

20X20X20X

wt Pb/MCM7i13 Pb/MCM7
D

wt       18 88 

Fig. S10. MCM7 cannot initiate prostate tumorigenesis. (A) Schematic representation of the 
Pb/MCM7 transgenic construct. Pb: prostate-specific rat probasin promoter ARR2PB; black box: HA 
tag; white box: Xpress tag; gray box: human MCM7 coding sequence; yellow box: SV40 polyA; orange 
box: probe used for Southern Blot analysis of transgenic founders; green arrows: primers used for PCR 
analysis of transgenic founders and for genotyping (see Fig. 9 for details). (B) Abundance of the 
transgenic construct measured by real time PCR. A primer pair specific for human MCM7 coding 
sequence was used. The Pb/MCM7i13 #18 and the Pb/MCM7 #88 lines showed comparable transgene
expression. (C) Incidence of hyperplasia (HP) and prostatic intraepithelial neoplasia (PIN) in the 
dorsolateral prostate of 1-year old transgenic mice belonging to the different lines. (D) Analysis of 1-year 
old transgenic mice belonging to the high expressor lines 18 (Pb/MCM7i13) and 88 (Pb/MCM7). H&E 
staining shows PIN in the dorsolateral prostate (DLP) of Pb/MCM7i13 mice, but not of Pb/MCM7 mice
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Fig. S11. Detection of miR-17~92 miRNAs by ISH in prostate tumor samples. (A) Score of the 
abundance of miR-17, miR-20a and miR-19a in peritumoral tissues (left bars in each group), PIN 
(middle bars in each group) and prostate cancer (right bars in each group). 0 to 1: negative, 2 to 4: 
positive. (B) Correlation between positivity for pAkt and positivity for miR-17, miR-20a, and miR-
19a. Only miR-19a is overexpressed in tumor samples and its abundance correlates with that of 
pAkt. This confirms data from prostate cell lines indicating that miR-19a is the only member of 
miR-17~92 cluster to be upregulated in prostate cancer (see Fig. 3C).



CoN S-SM m-T ΔG Mlt 

TargetScanS ■ ■ 

miRanda ■ ■ ■ ■ 

PicTar ■ ■ ■ ■ 

miRBase ■ ■ ■ ■ 

Table S1. Criteria used by four different prediction algorithms. 

Conservation of the seed match across different species (CoN); perfect Watson-
Crick complementarity between the miRNA seed and the seed match (S-SM); 
overall complementarity between the miRNA and the target also outside the seed/
seed match (m-T); stability (low binding energy) of the miRNA-target duplex (ΔG); 
presence of multiple (cooperative) binding sites for the same miRNA (MLT). 
TargetScanS: http://www.targetscan.org/ 
miRanda: http://www.microrna.org/microrna/home.do 
PicTar: http://pictar.bio.nyu.edu/ 
miRBase: http://microrna.sanger.ac.uk/targets 
The versions of the four algorithms available in 2006 were used. 

Poliseno Table S1 



Table S2. Criterion 1 and/or Criterion 2 are fulfilled by 7 miRNA families
 

 

The prediction by TargetScanS covers all the members of a given family (20), whereas PicTar, miRanda, and miRBASE 
predict single miRNAs. The four algorithms use different combinations of criteria for miRNA target selection (listed in 
Table S1) and thus the sets of miRNAs they predict to target human PTEN are only partially overlapping. Specifically, 
TargetScanS predicts a total of 16 miRNA families that target human PTEN, miRANDA predicts more than one hundred 
miRNAs, PicTar predicts 22 and miRBase predicts only 5 (last update of the target predictions: June 2008). To increase 
the stringency of our bioinformatic prediction, we filtered the outputs of the 4 individual prediction algorithms using two 
additional criteria. We assumed that if a miRNA family was predicted to target PTEN by a majority of the algorithms, it 
was more likely to be active. Further, we reasoned that a miRNA family known to have oncogenic features had a greater 
likelihood to target an oncosuppressor such as PTEN (21). Therefore, Criterion 1 was fulfilled by miRNA families 
predicted by at least 2 algorithms and reported to have oncogenic features. Oncogenic features were defined as 
knowledge of oncosuppressor targets or overexpression in prostate cancer according to published miRNA arrays. We 
considered only those miRNA arrays in which more then 10 benign and malignant samples were analyzed, namely 
references 1-4. Criterion 2 was fulfilled by miRNA families that were predicted by 3 out of the 4 algorithms, unless 
reported as oncosuppressors (in which case they were excluded from the analysis.) 

The five miRNA families we analyzed for PTEN-targeting activity are: miR-17, 19, 22, 25, and 302.  
miR-22 is the only member of its family and its gene is located within exon 2 of a non-coding transcriptional unit (22, 

23) (see Fig. 1B). miR-22 is widely expressed in human tissues (20), but its biologic role is poorly characterized. miR22 
blunts tumorigenesis in Abl1-transformed 38B9 pro-B cells (22); it is amplified in breast and ovarian cancer (24) and is 
abundantly expressed in mammary epithelial progenitor cells (25) and in osteoarthritic chondrocytes, where it contributes 
to extracellular matrix remodelling (26). This suggests that miR22 might behave as an oncogene or a tumor suppressor 
depending on the context. 

Many members of miR-17, miR-19, miR-25 and miR-302 families are spread among 4 microRNA clusters. miR-372 
and miR-373, the miR-302 family members of the miR-371~373 cluster, are proto-oncogenes with a role in testicular 
germ cell tumors (18) and breast cancer(19). miR-17~92, miR-106b~25 and miR-106a~363 are paralogous clusters that 
arose from gene duplication events (27). The miR-106a~363 cluster, although a common retroviral integration site (28, 
29), is barely detectable in all settings tested so far (30), whereas miR-17~92 and miR-106b~25 are abundant in many 
tissues and cell types (20, 30). The miR-17~92 cluster is an oncogene that acts through both cell autonomous and non-
autonomous mechanisms (see (31) for a review and above for a list of the oncosuppressor target genes). As far as the 
miR-106b~25 cluster is concerned, miR-93/106b targets p21 (9, 11), whereas miR-25 targets Bim (9) and p57 (17), 
suggesting an oncogenic role as well.  

The miR-17 and miR-19 families have been associated with PTEN regulation. miR-19 family binds the PTEN 3’UTR 
(32) and an inhibitor of miR-19a is able to increase PTEN abundance and decrease the growth of anaplastic thyroid 
cancer cells (33) Furthermore, miR-17 and miR-19 family members belonging to the miR-17~92 cluster play a crucial 
role in development of the lymphoid lineage in mouse, partially through the modulation of PTEN abundance (34, 35).  

Four additional PTEN-targeting miRNAs have been recently described: miR-21 (36-39), miR-214 (40), miR-26 (41), 
and miR-216 (42). We did not study these miRNAs because at the time of the analysis they did not fulfil any of our 
criteria. 

 TargetScanS miRanda PicTar miRBASE target genes 
(oncosuppressors) 

 
overexpression 

in prostate 
cancer (1-4)  

CTR 1 CTR 2 

17/20/93/106/519 * * *  

E2Fs (5-9)  
p21 (9-11)  
BIM (10) 

Rb2/p130 (12, 13) 
PTPRO (14) 

TP53INP1 (15) 

Volinia et al. (2006) 
Ambs et al. (2008) * * 

19 * *  * TSP1 (16)  * * 
22 * * *     * 

25/32/92/363/367 * *   BIM (9) 
p57 (17) 

Volinia et al. (2006) 
Ambs et al. (2008) *  

193 * * *     * 
198  * *   

Volinia et al. (2006) 
Porkka et al. (2007) *  

302/372/373/519/520  * *  LATS2 (18) 
CD44 (19) 

Porkka et al. (2007) *  

sevenseven

. 



miR-21 has a well established oncogenic role (1, 43-45). Nonetheless, it was not predicted by any of the 4 
algorithms used in this study. 

Analogously, miR-214, known for its role in development (46-48) and overexpression in ovarian cancer, is predicted 
only by miRanda, and thereby did not fulfil our two criteria.  

Despite its prediction by three out of the four algorithms and its consequent fulfilment of criterion 2, miR-26 was not 
studied because of its prominent oncosuppressor role. The abundance of miR-26 family members in prostate cancer is 
controversial. Several studies report that it is upregulated in prostate cancer [1,4] whereas others report that it is 
decreased (2, 3). Furthermore, miR-26a is deleted in epithelial cancer (49) miR-26 is amplified in glioma and exerts an 
oncogenic role through PTEN downregulation (41). 

miR-216 was not studied, despite being predicted by three out of the four algorithms, because like miR-26, it plays a 
pro-differentiation and oncosuppressive role in pancreatic tissue (50). miR-216 has been added to the list of PTEN-
targeting miRNAs (42).  

Some miRNAs have already been shown to play a role as oncosuppressors or oncogenes in prostate cancer. 
Among oncosuppressors, miRNA belonging to the miR-15a~16 cluster (a genomic region deleted in more than 50% of 
human prostate cancer samples) simultaneously downregulate Bcl2, Cyclin D, and WNT3A and thereby inhibit survival, 
proliferation, and invasion (51). Similarly, genomic loss of miR-101 leads to the overexpression of the polycomb group 
protein EZH2  (52). miR-23a and miR-23b target the mitochondrial enzyme glutaminase, which catabolizes glutamine to 
generate ATP. c-Myc represses transcription of the miR-23a~23b cluster, promoting energy production and cell 
proliferation (53). Other examples of oncosuppressor miRNAs in the prostate include: miR-34a/c (induced by p53 upon 
DNA damage and exert a proapoptotic activity) (54, 55). Their genomic locus often undergoes hypermethylation in 
prostate cancer (56)); the intronic miR-126* (targets the prostate-specific antigen Prostein and opposes migration (57)); 
miR-146a (targets Rock1 and in this way impairs the activation of the hyaluronan-induced signal transduction pathway 
(58)). The oncogenic miRNAs reported so far in the context of prostate tumor are: miR-221 and miR-222 that increase 
proliferation by targeting the cell cycle inhibitor p27(Kip1) (59, 60), while miR-20a (7) and miR-125b (61) exert an 
antiapoptotic activity by targeting E2F1/2/3 and Bax, respectively. Among all these miRNAs, only miR-20a (which 
belongs to miR-17 family) passed our double filter for PTEN-targeting miRNAs and was analyzed in this study.  
 
 
1. S. Volinia, G. A. Calin, C. G. Liu, S. Ambs, A. Cimmino, F. Petrocca, R. Visone, M. Iorio, C. Roldo, M. Ferracin, 

R. L. Prueitt, N. Yanaihara, G. Lanza, A. Scarpa, A. Vecchione, M. Negrini, C. C. Harris, C. M. Croce, A 
microRNA expression signature of human solid tumors defines cancer gene targets. Proc Natl Acad Sci U S A 
103, 2257 (2006); published online EpubFeb 14 ( 

2. K. P. Porkka, M. J. Pfeiffer, K. K. Waltering, R. L. Vessella, T. L. Tammela, T. Visakorpi, MicroRNA expression 
profiling in prostate cancer. Cancer Res 67, 6130 (2007); published online EpubJul 1 ( 

3. M. Ozen, C. J. Creighton, M. Ozdemir, M. Ittmann, Widespread deregulation of microRNA expression in human 
prostate cancer. Oncogene 27, 1788 (2008); published online EpubMar 13 ( 

4. S. Ambs, R. L. Prueitt, M. Yi, R. S. Hudson, T. M. Howe, F. Petrocca, T. A. Wallace, C. G. Liu, S. Volinia, G. A. 
Calin, H. G. Yfantis, R. M. Stephens, C. M. Croce, Genomic profiling of microRNA and messenger RNA reveals 
deregulated microRNA expression in prostate cancer. Cancer Res 68, 6162 (2008); published online EpubAug 
1 ( 

5. L. He, J. M. Thomson, M. T. Hemann, E. Hernando-Monge, D. Mu, S. Goodson, S. Powers, C. Cordon-Cardo, 
S. W. Lowe, G. J. Hannon, S. M. Hammond, A microRNA polycistron as a potential human oncogene. Nature 
435, 828 (2005); published online EpubJun 9 ( 

6. K. A. O'Donnell, E. A. Wentzel, K. I. Zeller, C. V. Dang, J. T. Mendell, c-Myc-regulated microRNAs modulate 
E2F1 expression. Nature 435, 839 (2005); published online EpubJun 9 ( 

7. Y. Sylvestre, V. De Guire, E. Querido, U. K. Mukhopadhyay, V. Bourdeau, F. Major, G. Ferbeyre, P. Chartrand, 
An E2F/miR-20a auto-regulatory feed-back loop. J Biol Chem,  (2006); published online EpubDec 1 ( 

8. K. Woods, J. M. Thomson, S. M. Hammond, Direct regulation of an oncogenic micro-RNA cluster by E2F 
transcription factors. J Biol Chem 282, 2130 (2007); published online EpubJan 26 ( 

9. F. Petrocca, R. Visone, M. R. Onelli, M. H. Shah, M. S. Nicoloso, I. de Martino, D. Iliopoulos, E. Pilozzi, C. G. 
Liu, M. Negrini, L. Cavazzini, S. Volinia, H. Alder, L. P. Ruco, G. Baldassarre, C. M. Croce, A. Vecchione, 
E2F1-regulated microRNAs impair TGFbeta-dependent cell-cycle arrest and apoptosis in gastric cancer. 
Cancer Cell 13, 272 (2008); published online EpubMar ( 

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



11. I. Ivanovska, A. S. Ball, R. L. Diaz, J. F. Magnus, M. Kibukawa, J. M. Schelter, S. V. Kobayashi, L. Lim, J. 
Burchard, A. L. Jackson, P. S. Linsley, M. A. Cleary, MicroRNAs in the miR-106b family regulate p21/CDKN1A 
and promote cell cycle progression. Mol Cell Biol 28, 2167 (2008); published online EpubApr ( 

12. Q. Wang, Y. C. Li, J. Wang, J. Kong, Y. Qi, R. J. Quigg, X. Li, miR-17-92 cluster accelerates adipocyte 
differentiation by negatively regulating tumor-suppressor Rb2/p130. Proc Natl Acad Sci U S A 105, 2889 
(2008); published online EpubFeb 26 ( 

13. Y. Lu, J. M. Thomson, H. Y. Wong, S. M. Hammond, B. L. Hogan, Transgenic over-expression of the microRNA 
miR-17-92 cluster promotes proliferation and inhibits differentiation of lung epithelial progenitor cells. Dev Biol 
310, 442 (2007); published online EpubOct 15 ( 

14. X. Xu, Y. Hong, C. Kong, L. Xu, J. Tan, Q. Liang, B. Huang, J. Lu, Protein tyrosine phosphatase receptor-type 
O (PTPRO) is co-regulated by E2F1 and miR-17-92. FEBS Lett 582, 2850 (2008); published online EpubAug 
20 ( 

15. M. L. Yeung, J. Yasunaga, Y. Bennasser, N. Dusetti, D. Harris, N. Ahmad, M. Matsuoka, K. T. Jeang, Roles for 
microRNAs, miR-93 and miR-130b, and tumor protein 53-induced nuclear protein 1 tumor suppressor in cell 
growth dysregulation by human T-cell lymphotrophic virus 1. Cancer Res 68, 8976 (2008); published online 
EpubNov 1 ( 

16. M. Dews, A. Homayouni, D. Yu, D. Murphy, C. Sevignani, E. Wentzel, E. E. Furth, W. M. Lee, G. H. Enders, J. 
T. Mendell, A. Thomas-Tikhonenko, Augmentation of tumor angiogenesis by a Myc-activated microRNA cluster. 
Nat Genet 38, 1060 (2006); published online EpubSep ( 

17. Y. K. Kim, J. Yu, T. S. Han, S. Y. Park, B. Namkoong, D. H. Kim, K. Hur, M. W. Yoo, H. J. Lee, H. K. Yang, V. 
N. Kim, Functional links between clustered microRNAs: suppression of cell-cycle inhibitors by microRNA 
clusters in gastric cancer. Nucleic Acids Res,  (2009); published online EpubJan 19 ( 

18. P. M. Voorhoeve, C. le Sage, M. Schrier, A. J. Gillis, H. Stoop, R. Nagel, Y. P. Liu, J. van Duijse, J. Drost, A. 
Griekspoor, E. Zlotorynski, N. Yabuta, G. De Vita, H. Nojima, L. H. Looijenga, R. Agami, A genetic screen 
implicates miRNA-372 and miRNA-373 as oncogenes in testicular germ cell tumors. Cell 124, 1169 (2006); 
published online EpubMar 24 ( 

19. Q. Huang, K. Gumireddy, M. Schrier, C. le Sage, R. Nagel, S. Nair, D. A. Egan, A. Li, G. Huang, A. J. Klein-
Szanto, P. A. Gimotty, D. Katsaros, G. Coukos, L. Zhang, E. Pure, R. Agami, The microRNAs miR-373 and 
miR-520c promote tumour invasion and metastasis. Nat Cell Biol 10, 202 (2008); published online EpubFeb ( 

20. P. Landgraf, M. Rusu, R. Sheridan, A. Sewer, N. Iovino, A. Aravin, S. Pfeffer, A. Rice, A. O. Kamphorst, M. 
Landthaler, C. Lin, N. D. Socci, L. Hermida, V. Fulci, S. Chiaretti, R. Foa, J. Schliwka, U. Fuchs, A. Novosel, R. 
U. Muller, B. Schermer, U. Bissels, J. Inman, Q. Phan, M. Chien, D. B. Weir, R. Choksi, G. De Vita, D. Frezzetti, 
H. I. Trompeter, V. Hornung, G. Teng, G. Hartmann, M. Palkovits, R. Di Lauro, P. Wernet, G. Macino, C. E. 
Rogler, J. W. Nagle, J. Ju, F. N. Papavasiliou, T. Benzing, P. Lichter, W. Tam, M. J. Brownstein, A. Bosio, A. 
Borkhardt, J. J. Russo, C. Sander, M. Zavolan, T. Tuschl, A mammalian microRNA expression atlas based on 
small RNA library sequencing. Cell 129, 1401 (2007); published online EpubJun 29 ( 

21. D. P. Bartel, C. Z. Chen, Micromanagers of gene expression: the potentially widespread influence of metazoan 
microRNAs. Nat Rev Genet 5, 396 (2004); published online EpubMay ( 

22. T. C. Chang, D. Yu, Y. S. Lee, E. A. Wentzel, D. E. Arking, K. M. West, C. V. Dang, A. Thomas-Tikhonenko, J. 
T. Mendell, Widespread microRNA repression by Myc contributes to tumorigenesis. Nat Genet 40, 43 (2008); 
published online EpubJan ( 

23. A. Rodriguez, S. Griffiths-Jones, J. L. Ashurst, A. Bradley, Identification of mammalian microRNA host genes 
and transcription units. Genome Res 14, 1902 (2004); published online EpubOct ( 

24. L. Zhang, J. Huang, N. Yang, J. Greshock, M. S. Megraw, A. Giannakakis, S. Liang, T. L. Naylor, A. Barchetti, 
M. R. Ward, G. Yao, A. Medina, A. O'Brien-Jenkins, D. Katsaros, A. Hatzigeorgiou, P. A. Gimotty, B. L. Weber, 
G. Coukos, microRNAs exhibit high frequency genomic alterations in human cancer. Proc Natl Acad Sci U S A 
103, 9136 (2006); published online EpubJun 13 ( 

25. I. Ibarra, Y. Erlich, S. K. Muthuswamy, R. Sachidanandam, G. J. Hannon, A role for microRNAs in maintenance 
of mouse mammary epithelial progenitor cells. Genes Dev 21, 3238 (2007); published online EpubDec 15 ( 

26. D. Iliopoulos, K. N. Malizos, P. Oikonomou, A. Tsezou, Integrative microRNA and proteomic approaches 
identify novel osteoarthritis genes and their collaborative metabolic and inflammatory networks. PLoS ONE 3, 
e3740 (2008). 

27. A. Tanzer, P. F. Stadler, Molecular evolution of a microRNA cluster. J Mol Biol 339, 327 (2004); published 
online EpubMay 28 ( 

28. S. Landais, S. Landry, P. Legault, E. Rassart, Oncogenic potential of the miR-106-363 cluster and its 
implication in human T-cell leukemia. Cancer Res 67, 5699 (2007); published online EpubJun 15 ( 



29. A. G. Uren, J. Kool, K. Matentzoglu, J. de Ridder, J. Mattison, M. van Uitert, W. Lagcher, D. Sie, E. Tanger, T. 
Cox, M. Reinders, T. J. Hubbard, J. Rogers, J. Jonkers, L. Wessels, D. J. Adams, M. van Lohuizen, A. Berns, 
Large-scale mutagenesis in p19(ARF)- and p53-deficient mice identifies cancer genes and their collaborative 
networks. Cell 133, 727 (2008); published online EpubMay 16 ( 

30. A. Ventura, A. G. Young, M. M. Winslow, L. Lintault, A. Meissner, S. J. Erkeland, J. Newman, R. T. Bronson, D. 
Crowley, J. R. Stone, R. Jaenisch, P. A. Sharp, T. Jacks, Targeted deletion reveals essential and overlapping 
functions of the miR-17 through 92 family of miRNA clusters. Cell 132, 875 (2008); published online EpubMar 7 
( 

31. J. T. Mendell, miRiad roles for the miR-17-92 cluster in development and disease. Cell 133, 217 (2008); 
published online EpubApr 18 ( 

32. B. P. Lewis, I. H. Shih, M. W. Jones-Rhoades, D. P. Bartel, C. B. Burge, Prediction of mammalian microRNA 
targets. Cell 115, 787 (2003); published online EpubDec 26 ( 

33. S. Takakura, N. Mitsutake, M. Nakashima, H. Namba, V. A. Saenko, T. I. Rogounovitch, Y. Nakazawa, T. 
Hayashi, A. Ohtsuru, S. Yamashita, Oncogenic role of miR-17-92 cluster in anaplastic thyroid cancer cells. 
Cancer Sci 99, 1147 (2008); published online EpubJun ( 

34. S. B. Koralov, S. A. Muljo, G. R. Galler, A. Krek, T. Chakraborty, C. Kanellopoulou, K. Jensen, B. S. Cobb, M. 
Merkenschlager, N. Rajewsky, K. Rajewsky, Dicer ablation affects antibody diversity and cell survival in the B 
lymphocyte lineage. Cell 132, 860 (2008); published online EpubMar 7 ( 

35. C. Xiao, L. Srinivasan, D. P. Calado, H. C. Patterson, B. Zhang, J. Wang, J. M. Henderson, J. L. Kutok, K. 
Rajewsky, Lymphoproliferative disease and autoimmunity in mice with increased miR-17-92 expression in 
lymphocytes. Nat Immunol 9, 405 (2008); published online EpubApr ( 

36. F. Meng, R. Henson, M. Lang, H. Wehbe, S. Maheshwari, J. T. Mendell, J. Jiang, T. D. Schmittgen, T. Patel, 
Involvement of human micro-RNA in growth and response to chemotherapy in human cholangiocarcinoma cell 
lines. Gastroenterology 130, 2113 (2006); published online EpubJun ( 

37. F. Meng, R. Henson, H. Wehbe-Janek, K. Ghoshal, S. T. Jacob, T. Patel, MicroRNA-21 regulates expression of 
the PTEN tumor suppressor gene in human hepatocellular cancer. Gastroenterology 133, 647 (2007); 
published online EpubAug ( 

38. M. Vinciguerra, A. Sgroi, C. Veyrat-Durebex, L. Rubbia-Brandt, L. H. Buhler, M. Foti, Unsaturated fatty acids 
inhibit the expression of tumor suppressor phosphatase and tensin homolog (PTEN) via microRNA-21 up-
regulation in hepatocytes. Hepatology,  (2008); published online EpubNov 13 ( 

39. F. Talotta, A. Cimmino, M. R. Matarazzo, L. Casalino, G. De Vita, M. D'Esposito, R. Di Lauro, P. Verde, An 
autoregulatory loop mediated by miR-21 and PDCD4 controls the AP-1 activity in RAS transformation. 
Oncogene 28, 73 (2009); published online EpubJan 8 ( 

40. H. Yang, W. Kong, L. He, J. J. Zhao, J. D. O'Donnell, J. Wang, R. M. Wenham, D. Coppola, P. A. Kruk, S. V. 
Nicosia, J. Q. Cheng, MicroRNA expression profiling in human ovarian cancer: miR-214 induces cell survival 
and cisplatin resistance by targeting PTEN. Cancer Res 68, 425 (2008); published online EpubJan 15 ( 

41. J. T. Huse, C. Brennan, D. Hambardzumyan, B. Wee, J. Pena, S. H. Rouhanifard, C. Sohn-Lee, C. le Sage, R. 
Agami, T. Tuschl, E. C. Holland, The PTEN-regulating microRNA miR-26a is amplified in high-grade glioma and 
facilitates gliomagenesis in vivo. Genes Dev 23, 1327 (2009); published online EpubJun 1 ( 

42. M. Kato, S. Putta, M. Wang, H. Yuan, L. Lanting, I. Nair, A. Gunn, Y. Nakagawa, H. Shimano, I. Todorov, J. J. 
Rossi, R. Natarajan, TGF-beta activates Akt kinase through a microRNA-dependent amplifying circuit targeting 
PTEN. Nat Cell Biol 11, 881 (2009); published online EpubJul ( 

43. P. S. Linsley, J. Schelter, J. Burchard, M. Kibukawa, M. M. Martin, S. R. Bartz, J. M. Johnson, J. M. Cummins, 
C. K. Raymond, H. Dai, N. Chau, M. Cleary, A. L. Jackson, M. Carleton, L. Lim, Transcripts targeted by the 
microRNA-16 family cooperatively regulate cell cycle progression. Mol Cell Biol 27, 2240 (2007); published 
online EpubMar ( 

44. S. Zhu, M. L. Si, H. Wu, Y. Y. Mo, MicroRNA-21 targets the tumor suppressor gene tropomyosin 1 (TPM1). J 
Biol Chem 282, 14328 (2007); published online EpubMay 11 ( 

45. L. B. Frankel, N. R. Christoffersen, A. Jacobsen, M. Lindow, A. Krogh, A. H. Lund, Programmed cell death 4 
(PDCD4) is an important functional target of the microRNA miR-21 in breast cancer cells. J Biol Chem 283, 
1026 (2008); published online EpubJan 11 ( 

46. A. S. Flynt, N. Li, E. J. Thatcher, L. Solnica-Krezel, J. G. Patton, Zebrafish miR-214 modulates Hedgehog 
signaling to specify muscle cell fate. Nat Genet 39, 259 (2007); published online EpubFeb ( 

47. N. Li, A. S. Flynt, H. R. Kim, L. Solnica-Krezel, J. G. Patton, Dispatched Homolog 2 is targeted by miR-214 
through a combination of three weak microRNA recognition sites. Nucleic Acids Res 36, 4277 (2008); published 
online EpubAug ( 



48. M. V. Joglekar, V. S. Parekh, A. A. Hardikar, New pancreas from old: microregulators of pancreas regeneration. 
Trends Endocrinol Metab 18, 393 (2007); published online EpubDec ( 

49. G. A. Calin, C. Sevignani, C. D. Dumitru, T. Hyslop, E. Noch, S. Yendamuri, M. Shimizu, S. Rattan, F. Bullrich, 
M. Negrini, C. M. Croce, Human microRNA genes are frequently located at fragile sites and genomic regions 
involved in cancers. Proc Natl Acad Sci U S A 101, 2999 (2004); published online EpubMar 2 ( 

50. A. E. Szafranska, T. S. Davison, J. John, T. Cannon, B. Sipos, A. Maghnouj, E. Labourier, S. A. Hahn, 
MicroRNA expression alterations are linked to tumorigenesis and non-neoplastic processes in pancreatic ductal 
adenocarcinoma. Oncogene 26, 4442 (2007); published online EpubJun 28 ( 

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

52. S. Varambally, S. M. Dhanasekaran, M. Zhou, T. R. Barrette, C. Kumar-Sinha, M. G. Sanda, D. Ghosh, K. J. 
Pienta, R. G. Sewalt, A. P. Otte, M. A. Rubin, A. M. Chinnaiyan, The polycomb group protein EZH2 is involved 
in progression of prostate cancer. Nature 419, 624 (2002); published online EpubOct 10 ( 

53. P. Gao, I. Tchernyshyov, T. C. Chang, Y. S. Lee, K. Kita, T. Ochi, K. I. Zeller, A. M. De Marzo, J. E. Van Eyk, J. 
T. Mendell, C. V. Dang, c-Myc suppression of miR-23a/b enhances mitochondrial glutaminase expression and 
glutamine metabolism. Nature,  (2009); published online EpubFeb 15 ( 

54. O. W. Rokhlin, V. S. Scheinker, A. F. Taghiyev, D. Bumcrot, R. A. Glover, M. B. Cohen, MicroRNA-34 mediates 
AR-dependent p53-induced apoptosis in prostate cancer. Cancer Biol Ther 7,  (2008); published online 
EpubMay 13 ( 

55. Y. Fujita, K. Kojima, N. Hamada, R. Ohhashi, Y. Akao, Y. Nozawa, T. Deguchi, M. Ito, Effects of miR-34a on 
cell growth and chemoresistance in prostate cancer PC3 cells. Biochem Biophys Res Commun 377, 114 
(2008); published online EpubDec 5 ( 

56. D. Lodygin, V. Tarasov, A. Epanchintsev, C. Berking, T. Knyazeva, H. Korner, P. Knyazev, J. Diebold, H. 
Hermeking, Inactivation of miR-34a by aberrant CpG methylation in multiple types of cancer. Cell Cycle 7, 2591 
(2008); published online EpubAug 15 ( 

57. A. Musiyenko, V. Bitko, S. Barik, Ectopic expression of miR-126*, an intronic product of the vascular endothelial 
EGF-like 7 gene, regulates prostein translation and invasiveness of prostate cancer LNCaP cells. J Mol Med 
86, 313 (2008); published online EpubMar ( 

58. S. L. Lin, A. Chiang, D. Chang, S. Y. Ying, Loss of mir-146a function in hormone-refractory prostate cancer. 
Rna 14, 417 (2008); published online EpubMar ( 

59. S. Galardi, N. Mercatelli, E. Giorda, S. Massalini, G. V. Frajese, S. A. Ciafre, M. G. Farace, miR-221 and miR-
222 Expression Affects the Proliferation Potential of Human Prostate Carcinoma Cell Lines by Targeting 
p27Kip1. J Biol Chem 282, 23716 (2007); published online EpubAug 10 ( 

60. N. Mercatelli, V. Coppola, D. Bonci, F. Miele, A. Costantini, M. Guadagnoli, E. Bonanno, G. Muto, G. V. Frajese, 
R. De Maria, L. G. Spagnoli, M. G. Farace, S. A. Ciafre, The inhibition of the highly expressed miR-221 and 
miR-222 impairs the growth of prostate carcinoma xenografts in mice. PLoS ONE 3, e4029 (2008). 

61. X. B. Shi, L. Xue, J. Yang, A. H. Ma, J. Zhao, M. Xu, C. G. Tepper, C. P. Evans, H. J. Kung, R. W. deVere 
White, An androgen-regulated miRNA suppresses Bak1 expression and induces androgen-independent growth 
of prostate cancer cells. Proc Natl Acad Sci U S A 104, 19983 (2007); published online EpubDec 11 ( 

 
 

 



Table S3.  
Clinical and pathological characteristics of the patients. 

Age at prostatectomy 
    Median (range); n = 56 58.5 (47-72) 

PSA at diagnosis 
    Median (range); n = 97 6.4 (1-39.3) 

Gleason score (n = 145) 
    6 
    7 
    8 
    9 

33 (22.76%) 
94 (64.83%) 
14 (9.66%) 
4 (2.76%) 

Pathological stage (n = 98) 
T2A-T2B-T2C (confined to prostate) 

T3A (extraprostatic extension) 
T3B (seminal vesicle invasion) 

N1 

53 (54.08%) 
27 (27.55%) 
16 (16.32%) 

2 (2.05%) 

Follow-up (months) 
Median (range); n = 95 54 (2-183) 

Recurrence (n = 96) 
No 
yes 

65 (67.71%) 
31 (32.29%) 
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Table S4.  
Correlation between miRNA up-regulation  

and DICER overexpression in prostate tumor samples.

0 1 2 

miR-22 
neg 11 (14.9%) 44 (59.5%) 19 (25.6%) 

p = 0.016 
pos 3 (5.7%) 24 (45.3%) 26 (49%) 

miR-25 
neg 15 (22.7%) 38 (57.6%) 13 (19.7%) 

p < 0.001 
pos 0 (0%) 29 (46%) 34 (54%) 

miR-93 
neg 12 (19.05%) 39 (61.9%) 12 (19.05%) 

p < 0.001 
pos 4 (5.8%) 29 (42%) 36 (52.8%) 

miR-106b 
neg 10 (14.9%) 40 (59.7%) 17 (25.4%) 

p = 0.014 
pos 4 (6.9%) 25 (43.1%) 29 (50%) 

DICER 
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F R 

p1 ACCACTGACTCTGATCCAG  GTAGTTGTAC TCCGCTTAA  

p2 AGTTGGGCCCTGTACCATCCC  ACACAGAGCCACTGCTGCAC 

Table S5. Primers used to generate chimeric luciferase plasmids. 

F R 

PIG/22 ACAGCCACCTCTTGCTGCTC  GGGGAGACAGAGTGTTCTCTC 

PIG/106b~25 GTAAGTGCCCAAATTGCTGG  CTAAGGGGAAGGTAGGGGGG  

Table S6. Primers used to generate PIG/22 and PIG/106b~25 plasmids. 

Table S8. Primers used to detect human PTEN, MCM7 and intron 13 mRNA  
by real time PCR. 

F R 

PTEN GTTTACCGGCAGCATCAAAT  CCCCCACTTTAGTGCACAGT 

MCM7 CCTCGCAGCCAGTACACAA  GCCCCACCCTCTAAGGTCA  

intron 13 
(pri-miR-106b~25) 

TAGTGGTCCTCTCCGTGCTAC  GGATCTAGGACACATGGAGTG  

intron13-exon14 
boundary 

CCTCACAGGACAGCTGAACTCC  CCCCTTGTCTCCTAGAAGAGAG  

ACTIN CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT 

Poliseno Table S5-9 

Table S7. Primers used to detect human PTEN 3’UTR by PCR. 

F R 

PTEN F1-R1 ACCACTGACTCTGATCCAG  CGCTTACTGTAGAATCTCA  

PTEN F2-R2 GTAACGACTTCTCCATCTC   GTAGTTGTACTCCGCTTAA  

PTEN F3-R3 AGTTGGGCCCTGTACCATCC  CAGGTAGAAGGCAACTCTGCC  

ATP1A1 F4-R4 CTCAGATGTGTCCAAGCAAG  GTCAGTGCCCAAGTCAATG 

Table S9. Primers used to detect mouse Pten by real time PC  

F R 

Pten TGGATTCGACTTAGACTTGACCT  GCGGTGTCATAATGTCTCTCAG  

GAPDH TGACCACAGTCCATGCCATC GACGGACACATTGGGGGTAG  

-

- R.




