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SUPPLEMENTARY APPENDIX

Online Supplementary Design and Methods

Material
Samples obtained at diagnosis from 476 patients with acute myeloid

leukemia (AML), other than acute promyelocytic leukemia, were pro-
vided by the Hospital La Fe (Valencia), Hospital Santa Creu i Sant Pau
(Barcelona), Hospital Universitario de Salamanca (Salamanca), Hospital
Dr. Negrin (Las Palmas), and Department of Genetics of the University
of Navarra (Pamplona), which belong to the Myeloid Malignancies
Group of the Spanish Network of Cancer Research. Of these patients,
194 were categorized as elderly (≥65 years old), and 249 constituted the
group of younger AML individuals. The study was approved by the
Ethics Committee for Research with Human Subjects, (037/2008).
Survival analysis was performed in the 213 AML patients who were eli-
gible for treatment and were uniformly treated according to the Spanish
Pethema Co-operative Group protocol LAM99.1 Samples were taken
anonymously. 

Quantitative real-time reverse transcriptase 
polymerase chain reaction

Two micrograms of total RNA isolated from cell pellets with the
RNeasy Mini Kit (Qiagen, Germany) were used for cDNA synthesis
(SuperScript™II RNase HRT; Invitrogen, CA, USA). Gene expression
was quantified with an ABI Prism 7,500 (Applied Biosystems, CA, USA)
with 20 ng of cDNA. Quantitative real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR) was performed with predesigned
TaqMan gene expression assays for EVI1-1A (Hs01118676_m1), EVI1-
1B (Hs01118674_m1), EVI1-1C (Hs01118675_m1) and EVI1 11-12
(Hs01115406_m1), which includes all the EVI1 transcripts; and GATA2
(Hs00231119_m1). Specific assays-by-design were designed for EVI1-
1D, EVI1-3L, and MDS1EVI1. Triplicate cycle threshold values were
averaged; concentrations of the target gene were interpolated from the
standard curves and normalized to GAPDH expression for each sample.
Samples from the University Hospital La Fe were quantified for EVI1-
1D expression using the P2 and P3 primers, as previously described.2

Over-expression of EVI1 was defined when the level of at least one EVI1
transcript was higher than the average and three times the standard
deviation of seven bone marrow samples from healthy volunteers. 

Analysis of the methylation status of the EVI1 and
MDS1EVI1 promoter regions

DNA methylation profiling of healthy donor peripheral blood
(n=4), bone marrow (n=4) and CD34+ cells of bone marrow (n=4) sam-
ples was performed using the HumanMethylation27 Beadchip
(Illumina, Inc., San Diego, CA, USA), according to the instructions of
the manufacturer.3 The panel was developed to quantify the DNA
methylation status of 27,578 CpG sites located within the proximal
promoter regions (1 kb upstream and 500 bp downstream of transcrip-
tion start sites) of 14,475 well-annotated genes. Briefly, genomic DNA
was converted by sodium bisulfite treatment and whole-genome
amplified using the manufacturer’s instructions. Each CpG locus is
represented by two bead types: one for the unmethylated (U) site and
another for the methylated (M) site. After hybridization and single-
base extension using labeled nucleotides, the intensity of the U and M
beads is measured with a microarray reader. The methylation status
of a CpG is determined by the beta-value calculation, which is based
on the ratio of the fluorescent signals of the M beads to the total locus
fluorescence intensity. The beta value is a quantitative measure of
DNA methylation levels of specific CpG, and ranges from 0 (com-
pletely unmethylated) to 1 (completely methylated). The methylation
status of the CpG islands of EVI1 (island 1 and 2) and MDS1EVI1
(island 1 and 2) were analyzed by bisulfite sequencing PCR (Online
Supplementary Table S3). DNA modification was performed with the
CpGenomeTM DNA Modification Kit (CHEMICON, Millipore
Corporation, MA, USA). For the treatment of the cell lines, several
concentrations and time points were tested, and optimal results were
obtained with 10x106 cells in 10 mL of medium, cultured with 4 μM
of 5-aza-2’-deoxycytidine (5-Aza), and 50 nM of trichostatin A (TSA)
for 4 days; controls were cultured with dimethyl sulfoxide and glacial
acetic acid. 

Chromatin immunoprecipitation
HEL, TF1, OCI-AML2, NOMO-1 and MV4-11 cell lines were sub-

jected to chromatin immunoprecipitation (ChIP) in order to assess the
acetylation of H3 and H4, and the trimethylation of histone H3 lysine
4 and lysine 27 as previously described.4 Ten million cells were cross-
linked with 1% formaldehyde for 10 min, and then 0.125 M glycine



Online Supplementary Figure
S1. Genomic locus of the
human EVI1 gene and EVI1
splice variants. (A) Genomic
structure of the human EVI1
gene with the three alternative
splice variants: EVI1 -D324, EVI1
-Rp9 and the EVI1 -D105. (B)
Alternative mRNA 5′-end vari-
ants of the human EVI1 gene.
The shading in gray represents
the relative position of the EVI1
CpG islands. (Adapted from
Wieser 2007, and Lugthart et
al. 2008).

was used to stop the reaction. Subsequently, chromatin was fragment-
ed by sonication to obtain an average fragment length of 200-900 bp
(Bioruptor Diagenode, Belgium). Antibodies used were antiacetyl- his-
tone H4 and anti-acetyl-histone H3 (Millipore Corporation, MA, USA)
and anti-trimethyl K4 and K27 of H3 (Abcam, Cambridge, UK). The
relative amount of specifically immunoprecipitated DNA was quanti-
fied by SYBR-Green fluorescent dye quantitative RT-PCR, using spe-
cific primers for EVI1 and MDS1EVI1 promoter regions (Online
Supplementary Table S3). PCR results were calculated using the DDCt
method. They are presented as the fold enrichment of chromatin
DNA precipitated by the specific antibody versus chromatin DNA pre-
cipitated by no antibody, as the control, from at least two independ-
ent experiments. 

Western blot analysis
Cells were lysed in lysis buffer (Cell Signaling, MA, USA) with com-

plete protease inhibitor (Roche, IN, USA) and 1 mM NaVO4 (Sigma,
MO, USA), and the concentration was determined using Bradford’s
method prior to each use (Bio-Rad Laboratories, Inc., CA, USA).
Western blot analysis was carried out with 50 μg of total proteins elec-
trophoresed on 10% Tris/Glycine SDS-polyacrylamide solution gel, and
transferred to a nitrocellulose membrane. Anti-Evi1 antibody (Cell
Signaling, MA, USA) and antilamin A/C antibody were used (Cell
Signaling, 2032). Detection was performed with phosphatase alkaline-
conjugated anti-rabbit Ig (Sigma, MO, USA), and enhanced chemilumi-
nescence (Amersham Pharmacia Biotech, GE Healthcare, Sweden). 
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Online Supplementary Figure S2. Quantification of the EVI1 5’-end variants in normal tissues. (Expression levels were
normalized to spinal cord).

Online Supplementary Figure S3. Analysis of EVI1 expression in 16 myeloid cell lines. (A) Quantification of the expres-
sion levels of EVI1 5’-end variants. Expression levels were normalized to normal bone marrow (B) Western blot analysis
of EVI1 and MDS1EVI1.
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Online Supplementary Figure S4. Analysis of the MDS1EVI1 PR domain. Sequences of alternative
splicings of MDS1EVI1. The previously described intergenic splicing between MDS1 (exon 2) and EVI1
(exon 2), and the novel alternative splicing between MDS1 (exon 1) and EVI1 (exon 2). Different
exons are show by different colors; the sequence of MDS1 is underlined.

Online Supplementary Figure S5. EVI1-1C over-expression is associated with poor survival in AML patients <65 years. In Kaplan-
Meier analysis stratified by age, patients <65 years and with EVI1-1C over-expression have an inferior event-free survival in compar-
ison to that of patients with no EVI1-1C over-expression.



Online Supplementary Figure S6. Representation of the 3q aberrations detected by FISH
in six myeloid cell lines, indicating the position of the probes used and the orientation of
the genes located within these probes.



Online Supplementary Figure S7. Analysis of the histone methylation of the EVI1 locus in three myeloid cell lines after treat-
ment with 5-Aza and TSA. (A) Quantitative real-time RT-PCR performed on fragmented chromatin, showing the levels of
trimethylation of histone H3 lysine 4 (H3K4me3) and histone H3 lysine 27 (H3K27me3) on the EVI1 promoter before and after
the treatment. The results were calculated using the DDCt method. They are presented as the fold enrichment of chromatin
DNA precipitated by the specific antibody versus chromatin DNA precipitated by no antibody, as the control, and comparing
with or without the treatment. 

Online Supplementary Table S1. Review of the literature of large series of AML adult patients for whom the prevalence and prognostic value of EVI1 over-
expression was reported.

(*) Significant data; overall survival (OS); event-free survival (EFS); disease-free survival (DFS); relapse-free survival (RFS); sum of all EVI1 transcripts (cEVI1)



Online Supplementary Table S3. Sequence of the primers used to analyze the PR domain of
MDS1EVI1, the methylation status of CpG islands of EVI1 (Island 1 and Island 2) and MDS1EVI1
(Island 1 and Island 2), and primers used for qRT-PCR on ChIP.

AT: annealing temperature. The relative position of the amplicon in the ChIP primers is specified before the name of the gene.

Online Supplementary Table S2. Clinical and molecular characteristics of the 16 human myeloid cell lines, including the analysis of EVI1 expression.
Cell line FAB Partial 3q Karyotype Overexpression (qRT-PCR) PR domain Protein

EVI1-1A EVI1-1B EVI1-1C EVI1-1D EVI1-3L MDS1EVI1 GATA2 Normal Novel MDS1EVI1 EVI1-FL
0.085 0.033 0.099 0.036 0.801 1.969 2.820 splicing

variant

HL-60 AML-M2 no 3q aberrations 0 0 0 0 0.001 0.069 2.566 Yes No No No
Kasumi-1 AML-M2 no 3q aberrations 0 0 0 0 0.001 0 0.691 No No No No
MUTZ-3 AML-M4 t(1;3)(q43;q13)inv(3) 0.389 0.276 1.971 0.460 0.700 0 2.620 No No No Yes

(q21q26)
OCI-AML2 AML-M4 +der(1)t(1;3)(q?;q26), 0 0 0 0 0.004 0 1.192 No No No No

inv(3)(q21q26),t(1;3)
(q?;q26)

NOMO-1 AML-M5 +der(?)t(3;?)(q21;?) 0 0 0 0 0.002 0 0.438 No No No No
MOLM-13 AML-M5 no 3q aberrations 0 0 0 0 0.002 0 0.680 No No No No
MV4-11 AML-M5 no 3q aberrations 0 0 0 0 0.001 0 0.021 No No No No
TF-1 AML-M6 +der(?)t(?;3)(?;q21)x2 0.187 0.134 1.835 0.125 0.313 0.419 18.427 Yes No No Yes
HEL AML-M6 t(3;?6)(q21;q?),+3 0.181 0.140 0.244 0.121 0.102 0.313 21.730 Yes Yes Yes Yes

F-36P AML-M6 no 3q aberrations 0.169 0.219 0.344 0.076 0.395 0.090 5.520 Yes Yes No Yes

KG-1 AML-M6 no 3q aberrations 0 0 0 0 0.017 0 9.450 No No No No
EOL1 AML no 3q aberrations 0 0 0 0 0.002 0 0.384 No No No No
KYO-1 CML-BP no 3q aberrations 0.074 0.110 0.167 0.025 0.053 0.163 19.830 Yes Yes No Yes

K562 CML-BP +der(?)t(3;?)(q26;?) 0.139 0.216 0 0.020 0.139 2.321 4.176 Yes Yes No Yes
KU-812 CML-BP no 3q aberrations 0.038 0.045 0 0.010 0.080 0.009 56.600 Yes No No Yes

MEG-01 CML-BP ?inv(3)(p25q26)* 0.039 0.065 0 0.028 0.370 0.256 6.640 Yes No No No
Overexpression is highlighted in bold; with the cut-offs calculated from seven normal bone marrow samples and three times the standard deviation; * not confirmed by FISH analysis.



Online Supplementary Table S4. Quantification of the EVI1 5’-end variants in 18 patients with AML.

AML-NOS: acute myeloid leukemia, not otherwise specified; Over-expression is highlighted in bold; with the cut-offs calculated from seven normal bone marrow and three times the standard
deviation.

Online Supplementary Table S5. Correlations between the expression levels of the EVI1 transcripts
in AML patients and cell lines.

Spearman’s Rho correlation coefficients were calculated for the 18 samples from AML patients and 16 myeloid cell
lines in which the EVI1 transcripts had been measured. P<0.05 (*); P<0.001 (**)



Online Supplementary Table S7. Multivariate analysis of EVI1 expression groups (patients with no basal expression
versus patients with expression/over-expression) as a prognostic marker for survival in the global cohort of AML
patients, and in AML patients under 65 years old.

1Other parameters such as sex, age (only for the global cohort), type of AML, FLT3-ITD mutations and NPM1 mutations were not significantly
associated with survival in the univariate analysis and were not included in the multivariate model. HR: hazard ratio; CI: confidence interval.

Online Supplementary Table S6. Multivariate analysis of EVI1-1C over-expression as a prognostic marker for sur-
vival in the cohort of AML patients under 65 years old.

1Other parameters such as sex, type of AML, FLT3-ITD mutations and NPM1 mutations were not significantly associated with survival in the
univariate analysis and were not included in the multivariate model. HR: hazard ratio; CI: confidence interval.
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