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SUPPLEMENTARY APPENDIX

Supplementary Design and Methods

Patients’ samples
Samples from 43 adult patients (median age 46 years; range,

23-60) with cytogenetically normal acute myeloid leukemia (CN-
AML) were provided by the German-Austrian AML Study
Group (AMLSG) with informed consent of the patients and insti-
tutional review board approval from all participating centers.
Samples were enriched for mononuclear cells by Ficoll gradient
purification from diagnostic (i.e. pre-treatment) peripheral blood
(n=24) or bone marrow (n=19) samples. Following enrichment,
the percentage of leukemic cells was at least 80%. All patients
were enrolled into the AMLSG treatment protocol AML HD98A
(ClinicalTrials.gov Identifier: NCT00146120). Twenty-three of
the 43 patients (53%) had mutated NPM1. Details of the clinical
characteristics of patients, as well as the results of molecular
genetic analyses are provided in Online Supplementary Table S1.

Cytogenetic and molecular genetic analyses
Conventional cytogenetic (chromosome banding), interphase

cytogenetic (fluorescence in situ hybridization, FISH), and
molecular genetic analyses [screening for FLT3 internal tandem-
duplications (ITD) and tyrosine kinase domain (TKD) muta-
tions, CEPBA mutations and NPM1 mutations (NPM1mut)] were
performed as previously described at the central reference lab-
oratory of the AMLSG at our institution.1-5

Cell lines and cell culture
Leukemic cell lines (CMK, HEL, K-562, Kasumi-1, KG-1, M-

07e, ME-1, MONO-MAC-1, MV4-11, NB-4, OCI-AML2, OCI-
AML5, THP-1, UT-7) and HeLa cells were purchased from the
German Collection of Microorganisms and Cell Cultures
(DSMZ) and cultured according to their guidelines
(www.dsmz.de/human_and_animal_cell_lines/).

miRNA expression profiling
To screen miRNA expression in AML and leukemic cell lines,

we set up a microarray platform using a commercially available
oligonucleotide probe set based on version 6.0 of the Sanger
miRNA database (mirVana miRNA Probe Set, Ambion). In brief,
this probe set, representing 281 human miRNAs, was spotted

onto GAPS-coated glass slides (Corning). Total RNA was isolat-
ed from frozen mononuclear AML samples and leukemic cell
lines using the mirVana miRNA Isolation Kit (Ambion). Pooled
RNA from nine different tumor cell lines served as a common
reference for both miRNA and gene expression analyses (see
below).6-7 Size-fractionated small RNA (flashPAGE Fractionator
System, Ambion) containing only the mature miRNA fraction
was labeled for microarray analysis using an end-labeling strat-
egy (mirVana miRNA Labeling Kit, Ambion). Following purifi-
cation, the Cy5-labeled AML and Cy3-labeled common refer-
ence samples were mixed, co-hybridized for 14 hours onto the
miRNA microarrays and washed according to the manufactur-
er’s protocol (Ambion). 

Microarrays were imaged, and log2 transformed fluorescence
ratios were normalized and filtered as previously described.7

The complete filtered miRNA microarray dataset is provided as
in Online Supplementary Table S2 (arrays from 3 patients were
excluded because of borderline quality). For hierarchical cluster
analysis, we applied average linkage clustering (distance meas-
ure: correlation uncentered) and visualized results using
TreeView (Eisen Lab; http://rana.lbl.gov/eisen/).8

Validation of microRNA findings
Northern blot analysis and quantitative reverse transcriptase

polymerase chain reaction (qRT-PCR) of selected miRNAs
using the TaqMan MicroRNA Reverse Transcription Kit and
MicroRNA Assays (Applied Biosystems) were performed as
previously described,9 and as described below.

Northern blot analysis of microRNAs
For technical validation of miRNA microarray findings, we

performed northern blot analyses for miR-20a and let-7a.
Briefly, 10 μg of total RNA were separated on denaturing poly-
acrylamide gels and transferred to positively charged nylon
membranes. Membranes were incubated with 32P-labeled
probes, complementary to the respective miRNAs, which were
designed and processed according to the mirVana miRNA probe
construction kit (Ambion). Next, the membranes were washed
and subjected to autoradiography. As a loading control, total
RNA was detected by ethidium bromide staining of the gels
before transfer to the membrane.



Quantitative reverse transcriptase polymerase 
chain reaction for microRNA detection

Microarray based miRNA expression findings were also vali-
dated by qRT-PCR of selected miRNAs using the TaqMan
MicroRNA Reverse Transcription Kit and MicroRNA Assays
(Applied Biosystems) according to the manufacturer’s protocols
(Applied Biosystems). miR-374 was used for data normaliza-
tion, as this miRNA, according to our analysis, was expressed
at a well detectable level with only slight variation among the
samples, and therefore served as an endogenous control. The
qPCR analysis was run on a 7900HT Fast Real-Time PCR
System (Applied Biosystems).

Gene expression profiling
Gene expression profiling (GEP) had been previously per-

formed on all 43 samples using TRIzol (Invitrogen) prepared
RNA from identical pre-treatment samples and cDNA microar-
rays provided by the Stanford Functional Genomics Facility.7,10

The complete gene expression microarray dataset is available at
the Gene Expression Omnibus data repository (accession num-
ber: GSE31644).

Data analysis of microarray based expression data sets
Supervised analyses were performed on data sets of varying

filter criteria stringency. To correlate miRNA and/or mRNA
expression findings with molecular genetics, the Significance
Analysis of Microarrays (SAM) method with adjustment for
multiple testing was used (false discovery rate < 10%).11

Analyses were performed using BRB-Array Tools Version 3.6.1
(developed by Dr. Richard Simon and Amy Peng Lam, available
at http://linus.nci.nih.gov/BRB-ArrayTools.html) and R Version 2.6.0
(available at www.r-project.org).

Immunoblot analysis
Total cell extracts were fractionated on 12% or 4-12% sodi-

um dodecylsulfate polyacrylamide gels (NuPAGE Bis-Tris
Gels, Invitrogen) and electroblotted to polyvinylidene fluoride
membranes (Immobilon-P, Millipore). Membranes were react-
ed with anti-N-Ras (F155, sc-31; Santa Cruz Biotechnology),
anti-E2F1 (clones KH20&KH95; Upstate), anti-APP (A 8717;
Sigma), anti-cyclin-D1 (H-295, sc-753; Santa Cruz
Biotechnology), anti-IRF2 (C-19, sc-498; Santa Cruz
Biotechnology), anti-SPARC (H-90, sc-25574; Santa Cruz
Biotechnology), anti-β-actin (ab8227; Abcam) or anti-α-tubu-
lin (ab7291; Abcam), followed by incubation with secondary
horse radish peroxidase-linked antibodies (GE Healthcare).
Immunoreactivity was determined using ECL Western
Blotting detection reagents (GE Healthcare). Blots were quan-
tified using ImageJ (available at http://rsbweb.nih.gov/ij/).

Luciferase reporter assays
Large parts of the 3’UTR (containing one or two putative

miRNA binding sites) or, if less than 1500 bp in length, the full-
length 3’UTR of predicted target genes were cloned into the
3’UTR region of the firefly luciferase reporter gene in the pMIR-
REPORT vector (Ambion), which was cleaved with SpeI or
SpeI/ HindIII. The SpeI restriction site is marked in green. The
Hind III restriction site is marked in blue. The 3’UTR was
amplified by PCR from cDNA of cell lines using the following
primers (all 5’ to 3’):

As a control, the predicted miRNA binding sites were mutat-
ed by introducing three base pair changes using the
QuikChange Lightning site-directed mutagenesis kit (Agilent
Technologies Stratagene Products) according to the manufac-
turer’s protocol. Primers were designed using the QuikChange



Primer Design Program on the manufacturer’s website
(http://www.genomics.agilent.com/). For constructs with two pre-
dicted miRNA binding sites (BS), BS1 is located closer to the 5’
end and BS2 closer to the 3’end of the gene. 

The sequences of primers used for site-directed mutagenesis
were as follows (the mutated miRNA binding sites are shaded
in gray):

For the reporter assays, HeLa cells were cultured in 24-well
plates and transfected with a firefly luciferase-reporter con-
struct (with wild-type or mutated miRNA binding sites), plus a
renilla containing vector (CMV-Renilla) in a ratio of 6:1, using
Lipofectamine 2000 transfection reagent (Invitrogen; 300 ng
DNA, 0.9 μL LF2000 per well). Cells were co-transfected with
either a Pre-miR or a negative control RNA (Ambion) at a final
concentration of 50 nM. Firefly and renilla luciferase activities
were measured 30-38 h after transfection using the Dual-
Luciferase Reporter Assay System (Promega).

Nucleofection of myeloid cell lines
For target gene investigations and functional analyses, HEL

and K-562 cells were transfected with Pre-miRs at a final con-
centration of 100 nM using the Nucleofector II Device and Cell
Line Nucleofector Kit V (Lonza). For both HEL and K-562 cells,
2x106 cells per nucleofection were used (volume per well: 2.1
mL; HEL: nucleofector program X-005; K-562: program T-016).

Transfection efficiencies, monitored by green fluorescent
protein (GFP) plasmid transfection, were as follows:

HEL, 48 h % viable % GFP positive  % GFP positive 
post-transfection cells cells in viable cells in total 

cells cells

Non-transfected cells 84% 0% 0%
GFP-transfected cells 66% 89% 58%

K-562, 48 h % viable % GFP positive % GFP positive
post-transfection cells cells in viable cells in total

cells cells

Non-transfected cells 87% 0% 0%
GFP-transfected cells 80% 86% 68%
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Online Supplementary Table S1. Clinicopathological characteristics of sample sets.
Clinicopathological parameter CN-AML samples (n=43)

Sex Male n=21/43 (49%)
Female n=22/43 (51%)

Age (in years) Median (range) 46 (23-60)
White blood cell count (x109/L) Median (range) 46 (2-192)
Lactate dehydrogenase (in U/L) Median (range) 559 (139-2800)
Preceding malignancy n=0/43 (0%)
French-American-British FAB M0 n=3/43 (7%)
classification FAB M1 n=13/43 (30%)

FAB M2 n=8/43 (19%)
FAB M3 n=0/43 (0%)
FAB M4 n=13/43 (30%)
FAB M5 n=6/43 (14%)
FAB M6 n=0/43 (0%)

Molecular markers FLT3-ITD mutation n=19/43 (44%)
FLT3-TKD mutation n=8/43 (19%)
NPM1mutation n=23/43 (53%)
CEBPAmutation n=6/40 (15%)

Follow-up (days) Median (range)
All patients 322 (19-2780)
Survivors 1654 (1033-2780)

Deaths n=31/43 (72%)

Online Supplementary Table S2. See attached Excel file: ARuss_SupplemTableS2
Data have been normalized and log2 transformed.



Online Supplementary Table S3. Quantitative RT-PCR for mRNA detection: primer sequences and cycling program.

Primer sequences:
gene name Sequence (5' to 3')
Predicted target genes:
ABCC5 fwd AGAACTCGACCGTTGGAATGC

rev CATGATGGTACTTTCCCTTGGG
AKAP13 fwd GCCCGCGAGAGACATTGAT

rev TTCTCCTCGGTTAGAAGCTGG
APP fwd CATCCCCACTTTGTGATTCC

rev GTTTCGCAAACATCCATCCT
BCL2L1 fwd CATGGCAGCAGTAAAGCAAG

rev TGCTGCATTGTTCCCATAGA
CCND1 fwd GAACAAACAGATCATCCGCAAAC

rev GCGGTAGTAGGACAGGAAGTTG
CLCN3 fwd GCATAGACGGATCAACAGCA

rev TGGTTGTACCACAACGCACT
CRKL fwd CCAGGAATTTGACCATTTGC

rev ATTGGTGGGCTTGGATACCT
DUSP16 fwd TGACTTTATCCCCGAGTCTCAT

rev GAGATCCCAGCTAAACAGTGC
FOXA1 fwd GAAGATGGAAGGGCATGAAA

rev CGCTCGTAGTCATGGTGTTC
FOXO1 fwd AAGAGCGTGCCCTACTTCAA

rev TTCCTTCATTCTGCACACGA
FOXO3 fwd CTTCAAGGATAAGGGCGACA

rev TCTTGCCAGTTCCCTCATTC
FOXO4 fwd TTGCCCAGATCTACGAGTGG

rev TCGAGTTCTTCCATCCTGCT
GAB1 fwd ACTACCTGTTGCTCATCAACTG

rev GGGACGTTATCATTGGAGTCTG
GSPT1 fwd GGCAAAGACAGCAGGTGTAAA

rev GCTCCAGTAAGTCCTGAGCAG
ID2 fwd CTGGACTCGCATCCCACTAT

rev AATTCAGAAGCCTGCAAGGA
IRF2 fwd CTACCGAATGCTGCCCCTATC

rev CCAGAGATGACTCAACTGGTTC
ITGA6 fwd GTTGCTGTTGGTTCCCTCTC

rev TGGAGGCATATCCCACTAGG
KAT2B fwd CGAATCGCCGTGAAGAAAGC

rev GAGGGGTTAGGGTTTTTCCAG
KIT fwd GTTCTGCTCCTACTGCTTCGC

rev CCACGCGGACTATTAAGTCTGA
LPP fwd AACCCCAGCATTTCAGTGTC

rev ACCCTCACCTCCAGGTTGTT
LRP6 fwd GAGTTGGATCAACCCAGAGC

rev CGACTTGAACCATCCATTCC
MAP4K4 fwd AAGAACCCACACTCTATGATCCA

rev GCTACTGATGTAGGCATCTCTCC
MLL fwd TCTGTCACGTTTGTGGAAGG

rev CTTTGCCTGGAGTTGTGGAT
MN1 fwd GAGCACCATTGACCTGGACT

rev GGATGCTGAGGCCTTGTTT
MXI1 fwd GCCAAAGCACACATCAAGAA

rev ACCCTGCAGCTGTTCCAGT
NRP1 fwd CAAGATCGACGTTAGCTCCA

rev AACATCTGTGGGGTTGGTGT
OTX2 fwd AAGCACTGTTTGCCAAGACC

rev CATACCTGCACCCTCGACTC
PAWR fwd AAGCACAACCAGTGTCTCTGAA

rev CTGAAACATTTGCATCCCTGT
PIK3CA fwd CCCAGGTGGAATGAATGGCT

rev AGCACCCTTTCGGCCTTTAAC

PRKCE fwd GGAAAAAGCTCATTGCTGGT
rev AGGTGGGTGCTGACTTGGAT

PROM1 fwd GCAATCTCCCTGTTGGTGAT
rev CCAGTTTCCGACTCCTTTTG

RALA fwd AAGTCATCATGGTGGGCAGT
rev AGTCCTCCACAAACTCATCG

SERPINB9 fwd TCAACACCTGGGTCTCAAAA
rev CATCATCTGCACTGGCCTTT

SIRT1 fwd CAGCATCTTGCCTGATTTGT
rev CATCGAGGAACTACCTGATTAAAAA

SP100 fwd GGACAAGACCACGACTTTTCA
rev TAGGAGCCTTCTCACCATGC

SP140 fwd AACTTCAGGATGGTCGCAGAG
rev TGGCCTTGTTATTGCACTTGC

SPARC fwd GGGCCTTGCAAATACATCC
rev TACAGGGTGACCAGGACGTT

TAL1 fwd AGCCGGATGCCTTCCCTAT
rev CCGCACAACTTTGGTGTGG

TP53INP fwd TTCCTCCAACCAAGAACCAGA
rev AGTAGGTGACTCTTCACTGATGT

TRIB2 fwd CTCAAGCTGCGGAAATTCAT
rev TTGTCGGAGAGGGAATCATC

TRPS1 fwd CTTGGCCCTTCATAACATGG
rev CCTTGGCAATCTGGTGTTTT

UBE2D3 fwd CAGGTCCAGTTGGGGATGATA
rev AAGAATACACCGCCTTGATATGG

Positive control genes:

E2F1 fwd TGCCAAGAAGTCCAAGAACC
rev CAGCTGTCGGAGGTCCTG

NRAS fwd GCTTCCTCTGTGTATTTGCCA
rev GCACCATAGGTACATCATCCG

Housekeeping genes (endogenous controls):
ACTB fwd AGAGCTACGAGCTGCCTGAC

rev AGCACTGTGTTGGCGTACAG
LMNB1 fwd CTGGAAATGTTTGCATCGAAGA

rev GCCTCCCATTGGTTGATCC

PGK1 fwd AAGTGAAGCTCGGAAAGCTTCTAT
rev TGGGAAAAGATGCTTCTGGG

Step Temperature Duration
(°C)

AmpliTaq® Fast DNA Polymerase, 95 20 sec hold
UP Activation
Denaturation 95 5 sec
Annealing/extension 60 20 sec 40 cycles
Measurement (temperature suitable 
for all primers used) 69 20 sec

95 15 sec hold
Dissociation curve 65 15 sec (dissociation
ramp rate 1% 90 15 sec step)

Cycling program for qRT-PCR:
Analyses were carried out using the Fast SYBR Green Master

Mix (Applied Biosystems) with a 7900HT Fast Real-Time PCR
System (Applied Biosystems) in the fast mode:

}



Online Supplementary Table S4. SAM analysis for the identification of NPM1mut-associated gene signature.
See attached Excel file: ARuss_Supplementary Table S4 for the SAM list of significant genes NPM1mut versus NPM1wt, which was used for further integrative
analysis. The 307 genes overlapping between the lists of predicted target genes and the NPM1mut associated GEP are highlighted in blue (genes were down-
regulated and the putative targeting miRNA was up-regulated).

Online Supplementary Table S5. SAM list of 66 significant miRNAs differentially expressed
between NPM1mut and NPM1wt as determined by BRB Array Tools. The 66 miRNAs were deter-
mined by SAM NPM1mut versus NPM1wt; false discovery rate = 0.09631. The geometric means
of ratios (red signal/green signal) in each class and the fold difference of geometric means
(NPM1mut/NPM1wt) are given. 



Online Supplementary Table S6. Overview of qRT-PCR target gene validation results. miRNA-target gene relations (n=42 genes; 177 different
miRNA-target gene pairs) were investigated by analyzing target gene mRNA levels by qRT-PCR in HeLa cells transfected with either of one of 11
synthetic miRNA mimics or a negative control RNA. In accordance with previous reports of no significant effects of this particular miRNA on mRNA
level, we also found no mRNA level changes for the known miR-19a-CCND1 and miR-155-FOXO3 interaction.12-13



Online Supplementary Table S8. Validation of predicted miRNA
targets by qRT-PCR. Normalized qRT-PCR analyses of selected
miRNA target genes in HeLa cells which were transfected with the
indicated miRNA mimic or negative control and harvested 24 or
48 h post-transfection. The values of normalization by three differ-
ent housekeeping genes, as depicted in Figure 3 in the main man-
uscript, are given. The values given are the mean values of two
independent transfections and qRT-PCR experiments.

Online Supplementary Table S7. NPM1mut-associated, downregulated genes
and core miRNAs predicted to target the respective genes.
See attached Excel file: ARuss_Supplem Table S7
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Online Supplementary Figure S1. Agarose gel picture of primer testing by conventional PCR. Prior to qRT-PCR, all primers
were tested for sensitivity and specificity by conventional PCR using HeLa and HEL cDNA. The annealing temperature was
60°C. Only primers resulting in one amplicon of the correct size were included in further analyses. Exemplary amplicons are
shown below.



Online Supplementary Figure S2. Dissociation curve graphs (qRT-PCR) of exemplary amplicons. All primers were
tested for sensitivity and specificity by conventional PCR and qRT-PCR (annealing temperature 60°C), resulting
in one amplicon and one clear peak in the dissociation curve. Dissociation curves of exemplary amplicons are
shown for the three housekeeping genes ACTB, LMNB1 and PGK1 as well as of investigated target genes MN1,
IRF2 and KIT.



Online Supplementary Figure S3A. Validation of miRNA microarray results by miRNA northern blot analysis. For
northern blot analyses, 10 μg of total RNA were loaded. RNA originated from the same isolation as the sample pre-
viously hybridized to the microarray. “High” and “low” refer to expression of the miRNA on the array. mut = NPM1
mutated; wt = NPM1 wild-type. Upper panels: autoradiography films; lower panels: loading control, ethidium bromide
stained gels. The numbers given show quantitation of mature miRNA bands, normalized by loading control (the sum
of all bands was used). Quantitation was performed with ImageJ (available at http://rsbweb.nih.gov/ij/).

Online Supplementary Figure S3B. Validation of miRNA microarray results by miRNA qRT-PCR analysis.
Three patients’ samples with either high or low expression of the respective miRNA according to the
microarray were analyzed by TaqMan based qRT-PCR (Applied Biosystems). qRT-PCR data were normal-
ized by expression of miR-374, which in the microarray was expressed at a well detectable level with
only slight variation among the samples. Heatmaps: log2 transformed, mean-centered microarray and
corresponding qRT-PCR data (transformed in the same way) are shown. Array data are sorted (low to
high) in the plots. Green color = low expression; red color = high expression of the miRNA. Expression
data are depicted by color scales, as indicated. Correlation coefficients were as follows: let7a: 0.83; miR-
155: 0.82; miR-20a: 0.79. For let-7a, patients “low 1” and “low 3” have wild-type NPM1, whereas
patients “high 1” and “high 3” have mutated NPM1. Normalized, untransformed let-7a qRT-PCR expres-
sion data were as follows: “low 1” = 0.57 and “low 3” = 0.84 (mean 0.705), and “high 1” = 2.00 and
“high 3” = 3.01 (mean 2.505). This results in a ratio “high 3” / “low 1” = 5.28, and a mean ratio NPM1mut

/ NPM1wt = 3.55. [Note: Patient “low2” had a t(8;21) and patient “high2” a t(11q23), as these patients
were part of an originally larger cohort of 91 AML cases including all cytogenetic subgroups.] 

A

B



Online Supplementary Figure S4. Hypothetical expression values to determine the significance levels of qRT-PCR data (as
depicted in Online Supplementary Table S6 and Figure 3). Hypothetical normalized expression values compared to the neg-
ative control, which is set to 1 are shown. The six data points of each reduction stage show the same standard deviation of
0.1138, which is the average standard deviation of the qRT-PCR data shown in Figure 3 (for the genes depicted in Figure
3, the average standard deviation for the six data points was 0.118, as seen for example for CCND1-miR-106a or MN1-miR-
15a). The expression cut-offs underlying the color coding of Online Supplementary Table S6 (dark green: >30% reduction of
mRNA compared to negative control transfected cells, and yellow: 10-30% reduction) are based on the significance levels,
as shown in the table below. In general, a reduction of mRNA of more than 30% results in highly significant P values
(P<0.001; one-sample t test, compared to 1.0 = negative control), whereas a 10-30% reduction with average SD results in
significant P values (P=0.001 – 0.05).



5nline Supplementary Figure S5. Validation of predicted miRNA targets by qRT-PCR in myeloid cells and comparison to
effects observed in HeLa cells. Selected miRNA-target gene interactions were validated in two myeloid cell lines (HEL,
transfected with miR-15a, -20a, -23a, -29a, -106a and miR-155; K-562, transfected with miR-15a, -29a, -106a and miR-
142-5p). While these suspension cells displayed poorer transfectability than HeLa cells (see Online Supplementary Design
and Methods), we nevertheless could reproduce all previous findings in these cell lines (the relations CCND1-miR-106a
and MN1-miR-15a were seen in K-562 cells only), although with a lower but consistent reduction of target mRNA levels.
Of note, transfection of K-562 cells (dark gray bars) resulted in greater effects as compared to HEL cells (light gray bars),
which was possibly due to the higher transfection efficiency observed for K-562 cells (K-562: 68% of total cells; HEL: 58%).
Interestingly, the effects of miR-29a transfection on target mRNA levels of SPARC were higher in both myeloid cell lines
and for SERPINB9 higher in K-562 cells compared to HeLa cells. Normalized qRT-PCR results of selected miRNA target
genes in HEL and K-562 cells which were transfected with the indicated miRNA mimic or negative control and harvested
24 h post-transfection are depicted. Each bar represents the mean effect plus standard deviation by normalization with
the housekeeping genes ACTB and PGK1 of two independent transfection and qRT-PCR experiments. Each value is calcu-
lated as percentage expression of target gene mRNA of miRNA-of-interest transfected cells compared to negative control
(1.0 = 100%) transfected cells. 



Online Supplementary Figure S6. Validation of miRNA targets by luciferase reporter experiments. Modified presentation
of data contained in Figures 4C and 4D. Here, only the first column (reporter construct with wt binding site and co-trans-
fection of negative control RNA) of each miRNA-target gene pair analyzed was set to 1 and the other conditions were set
in relation to it. Differences in basal luciferase expression levels might be due to formation of different secondary struc-
tures of RNA of the reporter constructs with wild-type or mutant binding sites. Variations in plasmid DNA preparations
should also be taken into account. (C) and (D) Normalized ratios firefly/renilla luciferase as determined by reporter assays
in HeLa cells which were transfected with the indicated miRNA mimics or a negative control (neg.ctr. and wt construct;
ratio set to 1) and co-transfected with the pMIR-REPORT vector containing the 3‘UTR of candidate target genes down-
stream of the firefly luciferase reporter gene. (C) 3’UTRs containing one putative miRNA binding site, (D) 3’UTRs contain-
ing two putative miRNA binding sites. MiRNA binding sites were either wild-type (wt; dark gray bars) or mutated (mut 1BS
= 1 binding site mutated, mut 2BS = both binding sites mutated; light gray bars). Bars represent the mean of two inde-
pendent experiments with transfections performed in triplicate, error bars depict the standard deviation (SD). All effects
observed were highly significant (P<0.001; unpaired t test).


