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eMethods. 
 
Gene Accession Numbers (NCBI GenBank) 
 TP53 (ID#7157), ZAP70 (ID#7535), BCL2 (ID#596), VCL (ID#7414), P21 
(ID#1026), BBC3 [PUMA] (ID#27113), BAX (ID#581), CASP3 (ID#836), MCL1 
(ID#4170), U6 (ID#26827), U44 (NT_004487.19), U48 (NC_000006.11), hsa-miR-15a 
(ID#406948), hsa-miR-16-1 (ID#406950), hsa-miR-15b (ID#406949), hsa-miR-16-2 
(ID#406951), hsa-miR-34a (ID#407040), hsa-miR-34b (ID#407041), and hsa-miR-34c 
(ID#407042). 
 
Patient Samples and Cell Lines 

Mononuclear cells were isolated from the blood samples by using the Ficoll-
Paque Premium protocol (StemCell Technologies), according to the Manufacturer’s 
instructions. Primary B-CLL cells were isolated as the CD5+/CD19+ cell population by 
cytofluorimetry (the CD5+/CD19+ population represented 85% ± 4.4% of the total 
isolated mononuclear cells). For all the patients, age, sex, disease stage, ZAP70 levels, 
and cytogenetics data were known (Table 1). All cell lines and primary B-CLL cells 
obtained from patients were maintained in RPMI 1640 supplemented with 10% FBS.  

 
 
RNA Extraction, and Quantitative Real-Time Polymerase Chain Reaction Analysis 

Total RNA was isolated using the TRIzol reagent (Invitrogen) according to the 
manufacturer’s instructions. MiRNA and gene expression levels were detected by 
quantitative real-time polymerase chain reaction (qRT-PCR) using TaqMan Assays 
(Applied Biosystems). RNA U6, U44, and U48 were used to normalize the expression 
levels of the miRNAs, and vinculin was used to normalize the expression levels of genes 
TP53 and ZAP-70.  
 
Vectors, Reagents, and Transfection Conditions 

Cells were transfected with a miR-15a/16-1–expressing vector (pRS-15/16). As 
controls, we used non-transfected (Mock) MEG-01 cells, cells transfected with the empty 
vector (pRS-E), and cells transfected with a mutated pRS-15/16 vector (pRS-15/16mut), 
which carries the loss-of-function point mutation (C!T) at +7 nucleotides 3’ of miR-16-
1, and is characterized by reduced expression of the miR-15a/16-1 cluster (eFigure 1A), 
as previously described 1. 

The TP53-expressing vector TrueClone pCMV6-XL5 and its empty control 
vector were purchased from OriGene. Adherent cells (H1299 and A549 cells) were 
transfected with Lipofectamine 2000 (Invitrogen) according to the manufacturer’s 
instructions. MEG-01 and K562 cell lines were transfected using the Cell Line 
Nucleofector Kits C and V (Amaxa), respectively, whereas primary B-CLL cells were 
transfected with the human B Cell Nucleofector Kit (Amaxa), according to the 
manufacturer’s optimized protocols. The final concentration of doxorubicin (Sigma) was 
0.5 !g/mL. TP53 silencing was performed with the TP53 siGENOME SMART pool 
(Dharmacon) at a final concentration of 200 nM. Pre-miR-15a, and pre-miR-/16-1 
oligonucleotides were purchased from Dharmacon. Pre-miR-34a, pre-miR-34b, and pre-



 

 

miR-34c oligonucleotides, as well as all antisense anti-miRNAs were purchased from 
Ambion. 

For immunoblotting, the following antibodies were used: anti-TP53 (R&D 
Systems), anti-CDKN1A, (Calbiochem), anti-BCL2 (DakoCytomation), anti-pro-
caspase-3 (Cell Signaling), anti-BBC3 (Cell Signaling), and anti-vinculin (Abcam). For 
flow cytometry sorting of B-CLL cells, the following antibodies were used: anti-CD19 
PE Cy5 conjugated (BD Biosciences), and anti-CD5 APC conjugated (Abcam). 
Quantification of immunoblotting signals was performed by densitometry with a Personal 
Densitometer SI (Molecular Dynamics) and IMAGEQUANT 5.2 software (Image 
Products International). 

MiRNA binding sites on TP53 and ZAP70 genes was first checked with the 
commonly used miRNA target prediction softwares (i.e., PicTar 2, TargetScan 3, and 
MiRanda 4), but no interaction was shown. Therefore, putative binding sites were 
detected by alignment of the mature miRNAs and the target mRNAs by using the 
Sequencer 4.10 Software (Gene Codes). 

For the luciferase reporter experiments, miRNA-binding sites and adjacent 
regions of ZAP70 (247 bp) and TP53 (1255 bp) genes were cloned in the pGL3-control 
vector (Promega). The primers used to generate specific fragments are available upon 
request. Mutants were generated using the QuikChange XL site-directed mutagenesis kit 
(Stratagene) according to the manufacturer’s instructions. 

Prom Luc vectors were produced by cloning the Tp53 binding site into the pGL3-
promoter vector (Promega). 

MiRNA-expressing lentiviruses were generated using Lentivector-based 
microRNA precursor constructs (System Biosciences) according to the manufacturer’s 
instructions. Cell lines and primary B-CLL cells were infected at a multiplicity of 
infection of 50. 

The miR-15a/16-1 inducible system was created in HeLa cells using the Tet-Off 
Advanced Inducible Gene Expression System (Clontech) and the stable clones were 
maintained according to the manufacturer’s instructions.  
 
Chromatin Immunoprecipitation  

The TP53 binding sites upstream of the miR-15/16 and miR-34b/c clusters were 
identified by combining a published global map of the TP53 transcription factor binding 
sites 5 with the OMGProm algorithm 6. Chromatin immunoprecipitation (ChIP) was 
performed using the EZ-ChIP kit (Millipore) and 5 �g of anti-TP53 antibody (Santa 
Cruz). As a negative control, we immunoprecipitated 1 sample with 5 �g of pre-immune 
serum (Santa Cruz Biotechnology). After final elution and purification of DNA, the 
samples were PCR amplified using specific primers. The input sample was diluted to 0.1 
ng/�L and was used as a positive control for PCR. PCR was performed using the 
AmpliTaq Gold PCR Master Mix (Applied Biosystems). This was performed on A549 
cells and on primary leukemia cells from CLL patients. 
 
MTT Proliferation Assay 
 Cell proliferation was assessed by performing an MTT proliferation assay, with 
the Vybrant MTT Cell Proliferation Assat Kit (Invitrogen), according to the 
manufacturer’s instructions. Briefly, 5000 cells were plated on 96-well plates and 



 

 

transfected with 100nM (final concentration) of scrambled, miR-34b or miR-34c 
oligonucleotides. At different times (24, 48, and 72 hours) after transfection, cells were 
stained with the MTT reagent and the absorbance was read at 540 nm. The experiments 
were conducted in triplicate. 
 
Samples power calculation  

Before starting experiments on the reported population (n=206), we calculated the 
needed sample size by evaluating apriori miR-15a and miR-16 expression werebased on 
the qRT-PCR measurements performed in a previous study by Rossi et al.7. None of the 
patients of this previous study were included in the present one. To compute the 
Statistical Power (1-Type II error) we compared the measured mean and standard 
deviation (SD) for miR-15a and miR-16, respectively, with 2 alternative hypotheses: 1) 
same SD, double the mean; and 2) same SD, half the mean. In both hypotheses, the 
distribution of miR-15a and miR-16 expression evaluated for a 2-sided t-test (P<0.05), 
had a statistical power > 95%, so we concluded that the test is highly likely to detect an 
effect if it actually exists. 
              miR-15a measured by qRT-PCR in 104 samples from CLL patients. Fold 
Difference against endogenous control (U6) was evaluated by 2-"Ct. Mean expression 
value = 6.49 and SD= 6.47 were compared with the hypothesis of having double (12.98) 
or half (3.25) mean and same SD. 
If hypothesis: mean= 3.25 compared with the real distribution 
RESULTS for double sided 
# z-power Power   % 
0.05 3.233 99.94 
If hypothesis: mean= 12.98 compared with the real distribution 
RESULTS for double sided 
# z-power Power   % 
0.05 8.441 100 
              miR-16 measured by qRT-PCR in 75 samples from CLL patients. Fold 
Difference against endogenous control (U6) was evaluated by 2-"Ct. Mean expression 
value= 844.4 and SD= 959.58 were compared with the hypothesis of having double 
(1688.8) or half (422.2) the mean and same SD. 
If hypothesis: mean= 422.2 compared with the real distribution 
RESULTS for double sided 
# z-power Power   % 
0.05 2.602 99.54 
If hypothesis: mean= 1688.8 compared with the real distribution 
RESULTS for double sided 
# z-power Power   % 
0.05 7.165 100 
 



 

 

eComments 
 

Suzuki et al. demonstrated that TP53 enhances the post-transcriptional maturation 
of miR-16-1 8 in solid cancers, further confirming a central role of this oncosuppressor 
protein in inducing miR-16-1 expression both by transactivating miR-16-1 transcription 
and by favoring its maturation. Our results suggest that miR-15a/16-1 cluster has a 
stronger effect in downregulating TP53, than TP53 has in transactivating this miRNA 
cluster. Further data on a larger patient population are warranted to validate this 
observation.  

In a recent study, Zenz et al.9 reported that miR-34b, and miR-34c were not 
expressed in CLL. In our CLL population with normal cytogenetics, we observed weak 
but still detectable endogenous expression of miR-34b and miR-34c by qRT-PCR, 
although the level of expression was lower than that of miR-34a. The occurrence of the 
13q deletion along with the 17p deletion is still linked to a more aggressive form of the 
disease than the 13q deletion alone 10. However recently, Van Dyke et al.11 recently 
reported that patients with the 13q deletion and concomitant 17p deletion have a 
significantly longer overall survival than patients with the 17p deletion alone. In our 
current study, when 17p deletion occurred, the expression of the tumor suppressor TP53 
gene was reduced, which could explain the poorer prognosis of patients with CLLs with 
the concomitant 13q and 17p deletions compared with patients with CLL with the  13q 
deletion alone. Thus, we believe that in CLL patients with the concomitant 13q and 17p 
deletions, the 13q deletion unlocks the residual TP53 from the inhibitory effects of the 
miR-15a/16-1 cluster, which could explain why their prognosis is better than that of 
patients with the 17p deletion alone.  

In addition, both in patients with the 17p deletion alone and in patients with the 
concomitant 13q and 17p deletions, the expression of TP53 is reduced 10, 12. In this study 
and in previous reports 13-14 lower TP53 expression has been associated with reduced 
expression of miR-34 family members. In our model, lower miR-34 expression leads to 
increased expression of ZAP70, a prognostic parameter associated with a poor prognosis 
in CLL. It has been demonstrated that the miR-34 family increases TP53 activity by 
targeting SIRT-1, a TP53 deacetylase that stabilizes TP53 and regulates cellular 
senescence and limits longevity 15. Therefore, the 11q deletion, either as a sole 
chromosomal aberration or in combination with the 13q deletion, associated with loss of 
the miR-34b/34c cluster, is also associated with miR-34 dependent indirect reduction of 
TP53 activation and direct increase of ZAP70 levels. 
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eFigure 1. Efficiency of miRNA/antimiRNA Transfections for all Studied miRNAs of 
Interest as Detected by qRT-PCR 
 
A, Expression of miR-15a and miR-16 in MEG-01 cells transfected with a control 
plasmid not expressing miRNAs (pRS-E), or with a plasmid expressing the wild type 
miR-15a/16-1 cluster (pRS-15/16), or with a plasmid expressing reduced levels of the 
miR-15a/16-1 cluster because of a loss-of-function point mutation (C!T) at +7 
nucleotides 3’ of miR-16-1 (pRS-15/16mut), as described in eFigure 4. P values were 
calculated with respect to the pRS-E group. B, Expression of miR-15a and miR-16 in 
MEG-01 cells transfected with a scrambled control miRNA, or with oligonucleotides 
expressing miR-15a and miR-16 (15a oligo, and 16 oligo), their antisense 
oligonucleotides (15a As oligo, and 16 As oligo), and the combination of miR-15a and 
miR-16 oligonucleotides (15a + 16 oligos), as described in FIGURE 1A. P values were 
calculated with respect to Scrambled. C,D,E, Expression of miR-15a and miR-16 in 
primary B-CLL leukemic cells from patients with CLL with the 13q deletion (patients 
#1,2,3, respectively) infected with lentiviral vectors expressing no miRNAs (LV-E), miR-
15a (LV-miR-15a), or miR-16 (LV-miR-16), as described in FIGURE 1B. P values were 
calculated with respect to LV-E. F, Expression of miR-34a, 34b, and -34c in primary B-
CLL leukemic cells from a patient with CLL with the 11q deletion infected with lentiviral 
vectors expressing no miRNAs (LV-E), miR-34a (LV-miR-34a), or miR-34b (LV-miR-
34b), or miR-34c (LV-miR-34c), as described in eFigure 13B, and eFigure 14. P values 
were calculated with respect to LV-E. G, Expression of miR-34a,miR-34b, and miR-34c 



 

 

in K562 cells treated with antisense oligonucleotides anti-miR-34a (34a As oligo), anti-
miR-34b (34b As oligo), or anti-miR-34c (34c As oligo), or a scrambled antisense 
oligonucleotide (Scrambled), as described in eFigure 13C. P values were calculated with 
respect to Scrambled. For all panels of this Figure, data are presented as mean ± 95% CI. 
* The difference was statistically significant (P<0.05). 



 

 

 
eFigure 2. TP53 Protein Expression in Primary CLLs 
 
Immunoblots for TP53 expression in 6 primary CLLs with normal cytogenetics, and in 6 
primary CLLs with a homozygous 13q deletion. These 6 primary CLLs represent a 
subgroup of patients randomly chosen among the 28 patients with normal cytogenetics 
and the 22 patients with a homozygous 13q deletion described in the text. The expression 
of TP53 was higher in the group with the 13q deletion. The bands of the immunoblotting 
have been quantified for all patients and the mean band intensities have been reported in 
the main text.  



 

 

 
eFigure 3. Inverse Correlation of miR-15a/16 and TP53 in Patients With 13q+/- CLL 
 
A, Expression levels of miR-15a, miR-16, and TP53 mRNA as determined by qRT-PCR 
in 28 CLLs with normal cytogenetics, and in 93 CLLs with a heterozygous 13q deletion 
(13q+/-). For each group (miR-15a, miR-16, and TP53), the P value was calculated for 
the “13q+/-“ group vs the “normal cytogenetics” group. B, Average expression levels of 
TP53 protein quantified by densitometry of immunoblotting (± 95% CI), in 28 CLLs with 
normal cytogenetics, and in 93 CLLs with a heterozygous 13q deletion (13q+/-). P value 
was calculated for the “13q+/-“ group vs the “normal cytogenetics” group. * The 
difference was statistically significant (P<0.05).  



 

 

 
eFigure 4. The miR-15a/miR-16-1 Cluster Directly Targets TP53 in MEG-01 Cells 
 
Immunoblots showing the protein expression of TP53 and vinculin in MEG-01 cells wild 
type (Mock), or transfected with a vector expressing the miR-15a/16-1 cluster (pRS-
15/16), an empty vector (pRS-E), or lower levels of miRNAs (pRS-15/16mut). Vinculin 
is the housekeeping gene used to normalize the amount of loaded proteins per each well. 



 

 

 
eFigure 5. miR-15a and miR-16 Reduce the Protein Expression of TP53 and Its 
Downstream Effectors in MEG-01 cells 
 
Immunoblots showing the protein expression of TP53, CDKN1A, BBC3, BCL2, pro-
caspase 3, and vinculin in MEG-01 cells stably infected with a lentiviral vector 
expressing miR-15a (LV-miR-15a), a lentiviral vector expressing miR-16-1 (LV-miR-
16), or an empty lentiviral vector (LV-E). Vinculin is the housekeeping gene used to 
normalize the amount of loaded proteins per each well. The numbers above the blots 
indicate the intensity of the band expressed as ratio “gene (TP53, CDKN1A, BBC3, 
BCL2, or pro-caspase 3)/vinculin”, and normalized to “Scrambled”. 



 

 

 
eFigure 6. miR-15a and miR-16 Effects on CDKN1A and BBC3, But Not on BCL2, are 
TP53-Mediated 
 
Immunoblots showing the protein expression of CDKN1A, BBC3, BCL2, and vinculin in 
TP53-null H1299 cells, 48 hours after transfection with oligonucleotides expressing miR-
15a, miR-16 or a scrambled miRNA as a control. In the absence of TP53, no reduction of 
CDKN1A and BBC3 was detected, whereas miR-15a and miR-16 still reduce the 
expression of BCL2. Vinculin is the housekeeping gene used to normalize the amount of 
loaded proteins per each well. The numbers above the blotting indicate the intensity of 
the band expressed as ratio “gene (CDKN1A, BBC3, or BCL2)/vinculin”, and 
normalized to “Scrambled”. 



 

 

 
eFigure 7. Effects of miR-15a and miR-16 on the mRNA of Their Target Genes and on 
Expression of miR-34 Family in Primary CLLs 
 
Left Panels, Expression level of the mRNA of TP53, CDKN1A, BBC3, and BCL2 
detected by qRT-PCR in 3 primary CLLs with the 13q deletion (same patients whose 
immunoblotting for these same genes is reported in FIGURE 1B). B-CLL primary cells 
were infected with an empty lentiviral vector (LV-E, used as a control), and a lentiviral 
vector expressing miR-15a (LV-miR-15a), or miR-16-1 (LV-miR-16). P values were 
calculated with respect to LV-E. Right Panels, Expression of miR-34a, miR-34b, and 
miR-34c in the same patients of the left panels, after infection of their B-CLL primary 
lymphocytes with LV-E, LV-miR-15a, or LV-miR-16. P values were calculated with 
respect to LV-E. For all panels in this figure, all results were normalized to LV-E and are 
reported as mean ± 95% CI. *The difference was statistically significant (P<0.05). 



 

 

 
eFigure 8. miR-15a and miR-16 Have Binding Sites on TP53 3’-UTR 
 
Complementary binding sites of miR-15a and miR-16 on the 3’-UTR of TP53. The 
vertical lines indicate the complementary base pairs (which have also been italicized). 



 

 

 
eFigure 9. TP53 Binding Sites Located Upstream of the miR-15a/16-1 and miR-15b-16-2 
Clusters 
 
Genomic organization of the predicted TP53 binding sites upstream of the miR-15a/16-1 
cluster on chromosome 13, and of the miR-15b/16-2 cluster on chromosome 3. The 
binding sites further analyzed in this work are shown in red. The site used as the negative 
control for TP53 binding is shown in green. RRRCWWGYYY= the TP53 binding site 
consensus sequence, typically repeated in tandem, which allows a proper binding of the 
transcription factor. R indicates either adenine or guanine; W indicates either adenine or 
thymine; Y indicates either cytosine or thymine, C indicates cytosine, G indicates 
guanine. A capital letter in the binding site sequence indicates a properly positioned base, 
according to the consensus sequence; a lower case letter indicates an improperly 
positioned nucleotide. 



 

 

 
eFigure 10. TP53 Directly Binds to Its Predicted Binding Sites, Upstream of 
Chromosomes 13, 3, and 11 
 
Chromatin immunoprecipitation (ChIP) for binding sites #1 (BS1, see eFigures 9 and 
12), in A549 lung cancer cell line (which has no deletions in the chromosome regions of 
interest), showing a band detected by PCR after IP with TP53 antibody (lane labeled as 
“TP53”). No band or weak band was detected when pre-immune serum was used for IP 
(lane labeled as “IgG”). The band was purified from the gel and the sequence was 
confirmed. BAX was used as a positive control for ChIP of TP53. Genomic DNA before 
ChIP was used as a positive control for PCR (lane labeled as “INPUT”). 



 

 

 
eFigure 11. TP53 Directly Binds Its Predicted Binding Sites (BS), Upstream of 
Chromosomes 13, and 3 in Primary CLL 
 
ChIP in primary leukemia cells from a CLL patient with a normal 13q chromosome. 
“Ch3 noBS” refers to the TP53 negative control binding site (BS) shown in green in 
eFigure 9. 



 

 

 
eFigure 12. TP53 Binding Sites Located Upstream of the miR-34b/34c Cluster 
 
Genomic organization of the predicted TP53 binding sites located upstream of the miR-
34b/34c cluster on chromosome 11. The binding site further analyzed in this work is 
shown in red. 



 

 

 
eFigure 13. miR-34 Family Directly Targets ZAP70 Both in Leukemic Cell Lines and 
Primary CLLs 
 
A, Complementary binding sites of miR-34a, miR-34b, miR-34c and ORF (opening 
reading frame or coding region) of ZAP70. The complementary base pairs are in bold and 
underlined. B, Expression of ZAP-70 mRNA in 1 primary CLL sample with the 11q 
deletion (same patient whose ZAP70 immunoblot is reported in eFigure 14), after 
infection with an empty lentiviral vector (LV-E, used as a control), and a lentiviral vector 
expressing miR-34a (LV-miR-34a), miR-34b (LV-miR-34b), or miR-34c (LV-miR-34c). 
Results were normalized to LV-E and are reported as mean ± 95% CI. P values were 
calculated with respect to LV-E. C, Expression of ZAP70 mRNA in K562 cell line 
determined by qRT-PCR, 48 hours after transfection with antisense (As) of miR-34a, 
miR-34b, or miR-34c. Results were normalized to a scrambled As molecule, used as a 
control and are reported as mean ± 95% CI. P values were calculated with respect to 
Scrambled D, Expression of ZAP70 mRNA in 3 primary B-CLL lymphocytes with a 13q 
deletion (values are reported as mean ± 95% CI) determined by qRT-PCR, 48 hours after 
transfection with antisense (As) of miR-34a, miR-34b, or miR-34c. Results were 
normalized to a scrambled As molecule, used as a control and are reported as mean ± 
95% CI. P values were calculated with respect to Scrambled *The difference was 
statistically significant (P<0.05). 



 

 

 
eFigure 14. miR-34 Family Reduces the Protein Expression of ZAP70 in Primary CLL 
 
Immunoblots showing the protein expression of ZAP70 and vinculin in primary B-CLL 
cells from a patient with CLL with 11q+/- deletion. Primary leukemic cells were stably 
infected with a lentiviral vector expressing miR-34a (LV-miR-34a), miR-34b (LV-miR-
34b), or miR-34c (LV-miR-34c), or an empty lentiviral vector (LV-E). Vinculin is the 
housekeeping gene used to normalize the amount of loaded proteins per each well. 



 

 

 
eFigure 15. Effects of miR-34b and miR-34c Restoration in Growth Curve and Cell 
Proliferation of Leukemic Cell Lines 
 
A, Growth curve for MEG-01 (left) and K562 (right) cells showed as number of viable 
cells counted at different times from trasfection with a scrambled control oligonucleotide 
(Empty) or an oligonucleotide expressing miR-34b or miR-34c. The results are presented 
as mean of experiments conducted in triplicate ± 95% CI. P values were calculated for 
each time point with respect to Empty and were not statistically significant. B, MTT cell 
proliferation assay (see eMethods) for MEG-01 (left) and K562 (right) cells at different 
times from trasfection with a scrambled control oligonucleotide (Empty) or an 
oligonucleotide expressing miR-34b or miR-34c. The results are presented as mean of 
experiments conducted in triplicate ± 95% CI. P values were calculated for each time 
point with respect to Empty and were not statistically significant. 
 


