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Online Supplementary Design and Methods

Co-immunoprecipitation assays
Total cell protein samples (500 μg) were co-immunoprecipited

with V5, Xpress or HA antibodies (1 μg) overnight at 4°C with
gentle rotation. Protein complexes (50 μL aliquots) were purified
by binding to Protein G Dynabeads® (Invitrogen) for 15 min at
room temperature with gentle rotation. Complexes were then
washed in RIPA x3, denatured in loading buffer containing β-
mercaptoethanol, heated to 70°C to release the bound magnetic
beads and subjected to sodium dodecylsulfate polyacrylamide
gel electrophoresis. HOXA:TALE interactions were determined
by blotting and antibody incubation for respective epitopes as
previously described.1 Endogenous HOXA6/A9:TALE complexes
in acute myeloid leukemia (AML) cells were detected by obtain-
ing total cell protein (500 μg) by standard methods and co-
immunoprecipitation using HOXA6 (Sigma-Aldrich), HOXA9,
MEIS1-3 (Upstate, Billerica, MA), PBX1-3 (Santa-Cruz
Biotechnology, Santa Cruz, CA, USA) or immunoglobulin con-
trol antibodies with 50 μL of Protein G Dynabeads® as detailed
above. Western blotting was carried out using HOXA6 (1:1000,
Abcam, Cambridge, UK), HOXA9 (1:440), PBX1-3 (1:500) or
MEIS1-3 (1:200) primary antibodies as above followed by horse-
radish peroxidase-conjugated rabbit antimouse, or goat anti-rab-
bit secondary antibodies (1:5000, 1:2000 respectively, both Dako)
and signal detection.1

Microarray data profiling
The AmpliChip Leukemia, custom designed for stage 2 of the

MILE study,2 containing 1480 leukemia-associated probe sets was
used to identify altered expression following HOXA6 or HOXA9
knockdown. Affymetrix® CEL files generated from the
AmpliChip Leukemia (Roche Molecular Systems, Pleasanton,
CA, USA), custom designed MILE study2 were analyzed to strin-
gent criteria. All CEL files were imported using a custom chip def-
inition file, into the Partek Genomic Suite (St. Louis, MO, USA)
and standardized using RMA background normalization, quantile
normalization and median polish probe summarization.3,4

ANOVA comparing non-silenced control and HOXA6 or HOXA9
knockdown was followed by identification of fold-changes ≥2;
false discovery rate-adjusted P-values <0.05 were used.

Gene expression analysis
TALE genes were examined using SYBR probe-based chem-

istry with validated assay reagents and 18S rRNA as an endoge-
nous control (primer sequences available on request). Total RNA
obtained from PBX3 or MEIS1 knockdown or respective non-
silencing controls was converted to cDNA prior to quantitative
real-time polymerase chain reaction (RQ-PCR) analysis. Relative
expression values are represented as percentage of appropriate
controls using the ΔΔCT method.

Virus-mediated infection 
Vesicular stomatitis virus-pseudotyped retroviruses were

produced using 293GPE cells5 as previously described.6

Lentiviruses were produced using 293FT cells (Invitrogen) co-
transfected with psPAX DNA (packaging), pMD2G DNA
(envelope), and 5 μg of each HOX/TALE shRNA DNA using
Lipofectamine™ 2000 (Invitrogen) and standard protocols.
Virus-containing supernatants were harvested, centrifuged at

3000 rpm for 5 min at +4°C to pellet cell debris and filtered
using 0.2 μm filters. For each infection 400 μL of target cells
(1.25 x 106/ mL) were spinoculated with 600 μL virus, 6 μg/mL
polybrene at 1800 rpm for 45 min at 4ºC. Infected cells were
cultured for 16 h then selected in puromycin (Sigma-Aldrich)
for 72 h at IC90 concentrations (0.25 μg/mL for U937 cells,
0.095 μg/mL for OCI AML3 cells). Cultures were subsequent-
ly maintained in media lacking puromycin. Puromycin-select-
ed cells were washed with phosphate-buffered saline (PBS) x3
and analyzed by fluorescence microscopy/flow cytometry for
green fluorescent protein expression.

Morphological analysis 
Cells were cytospun onto glass slides at 400 x g for 5 min.

Slides were stained with Accustain® Wright-Giemsa Stain
(Sigma-Aldrich) to determine gross cell morphology. Images
were captured at 200X and 100X using an inverted microscope
(CKX41) with attached digital camera (E620), both from
Olympus (Essex, UK). Morphological examinations were
made by an independent hematologist in a blinded manner. 

Measurement of colony-cell number 
Methylcellulose was melted using pre-warmed media to

obtain colony-forming cells. Following washing, with PBS x3,
supernatants were carefully removed and 50 μL aliquots
obtained for cell number assay by CellTiter-Glo® using the
manufacturer’s protocol.
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Online Supplementary Table S1. shRNA targeting  sequences. The nucleotide sequence of up to three shRNA (a-c) and respective vectors used to target
HOXA6, A9, PBX3 or MEIS1 expression.  pGipz and pSM2 shRNA miR vectors (Open Biosystems, Thermo Fisher Scientific, Huntsville, AL, USA), NKI library
pRSC vectors7 and pLKO1 from the TRC library designed by The RNAi Consortium.8 Non-targeting sequences within the vectors served as expression controls
and MSCV-gfp was used as a positive control.  Homology searches indicated that none of the shRNA used has notable comparable homology to another
human gene or local miRNA. Since one or two mismatches are in use for RNAi-rescue experiments, this indicates a high level of specificity, which along with
the use of multiple shRNA sequences per gene reduces the potential for off-target effects.  Processing of dsRNA in human cells for entry into the RISC silenc-
ing complex requires splicing of 21 nucleotide-length (19-basepair stem length) dsRNA by DICER.9,10 Shorter stem lengths do not result in DICER activity.11



Online Supplementary Table S2. HOXA/TALE signature in the MILE AML dataset. Differentially expressed HOXA/TALE genes identified between the combined
favorable risk AML group (MILE 9-11) consisting of inv(16)/t(16;16), t(8;21) and  t(15;17), and  the intermediate risk AML group (MILE-13) defined as cyto-
genetically normal (CN-AML) + other abnormalities not 11q23. The signature was identified using false discovery rate-adjusted significant difference P val-
ues ≤ 0.0000005 and fold-changes as indicated where expression is higher in intermediate vs. favorable AML. *PBX4 and MEIS3 were absent from the array.

Online Supplementary Table S3. Cytogenetic and HOXA/TALE expression status in a cohort of AML
patients. Tabulated cytogenetic and RQ-PCR values for HOXA6, HOXA9, MEIS1 and PBX3 in a cohort
of samples (n=37) from anonymized AML patients.  Mutation status was confirmed by PCR or pyrose-
quencing for favorable translocations or NPM1/FLT3 mutations.  Relative gene expression was deter-
mined by target CT values being corrected to endogenous 18S rRNA controls. 



Online Supplementary Table S4. Table of estimated copies for AML cell lines and CN-AML samples. Representative gene expression values of HOXA6, HOXA9,
PBX3 and MEIS1 in OCI-AML3, U937 cell lines and CN-AML patients’ samples (CN-AML1-5) subjected to HOXA/TALE knockdown. CT values, corrected for
18S RNA loading, for 50 ng equivalents of RNA and corresponding copies are presented. Copy numbers were obtained following standard curve generation
that indicated a CT of 35 was equivalent to 10 copies of the gene.  Values obtained are based on the principle that a two-fold increase in expression is
obtained within each PCR cycle.
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Online Supplementary Figure S1. Identification of HOXA6/HOXA9:TALE protein interactions.  Representative co-immunoprecip-
itation (IP) studies demonstrate that HOXA6 forms a high affinity complex with PBX and can interact with MEIS in OCI-AML3
and U937 AML cells (left panel). Similar results were obtained for HOXA9 and PBX (data not shown). The HOXA9:MEIS1 inter-
action was used as a positive control (right panel). 

Online Supplementary Figure S2. Differential gene expression in knock-
down AML cell lines. (A) Venn diagram and associated table depicting a
small number of AmpliChip Leukemia genes differentially expressed fol-
lowing individual knockdown of HOXA6 or HOXA9 (72 h) in OCI-AML3 or
U937 cells. (B) A histogram plot depicting no change or modest compen-
satory expression of TALE genes following knockdown of PBX3 or MEIS1 in
OCI-AML3 or U937 cells.  Significantly altered gene expression (fold-change
≥ 2 or 150%) was identified by ANOVA compared to non-silenced controls,
P≤0.01** or P≤0.001***. 
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Online Supplementary Figure S3. Cellular morphology of treated AML cell lines.  OCI-AML3 and U937 cell lines were treated with
shRNA as labeled.  Gene knockdown cells were selected in puromycin for 3 days, cytospins prepared at day 8 and Wright-Giemsa
stained. Representative images were obtained at 200X using a light microscope (BH-2) and captured by an attached digital cam-
era (DP25) and Cell^B imaging software, (all from Olympus, Essex, UK).



Online Supplementary Figure S4. Representative caspase 3/7 activity following HOXA/TALE knockdown.  Representative histograms depicting a caspase
3/7 activity time-course measured by luminescence per 100 OCI-AML3 (A) or U937 (B) cells.  Caspase 3/7 activity was measured at 24, 48 and 72 h
following HOXA/TALE knockdown and fold-change values compared to non-silenced controls were obtained.  Mean and standard deviation of triplicate
experiments are plotted, *P≤0.05, **P≤0.01, ***P≤0.001.

Online Supplementary Figure S5. Chemotherapy-response of AML cell lines. (A) OCI-AML3 and U937 cell lines were treated in liquid culture with IC50

doses of cytarabine or Mylotarg for up to 72 h as indicated.  Cell counts was evaluated by CellTiter-Glo®. (B) In addition the cell lines were treated and
maintained in methylcellulose for up to 14 days and the number of colonies enumerated. (C, D) Images of treated cells were taken for morphology after
48 h in liquid culture (C) and INT staining after 10 days in methylcellulose (D). P≤0.05 is denoted by *. Representative morphology and colony images
captured at 200X and 100X respectively using an inverted microscope (CKX41) with attached digital camera (E620) both from Olympus (Essex, UK).
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Online Supplementary Figure S6. Combined chemotherapy and HOX/TALE knockdown in AML cell lines. (A) A histogram plot depict-
ing percentage cell growth of OCI-AML3 and U937 cells.  Cell numbers were quantified in liquid culture by measurement of ATP lev-
els (CellTiter-Glo®) following pre-conditioning knockdown with the indicated shRNA (48 h) ± cytarabine or Mylotarg treatment for a
further 24 h.  Data from three independent experiments are presented as percentages of the respective no drug-treated controls.
(B) OCI-AML3 and U937 cells pre-conditioned with PBX3 or combined HOXA6 + HOXA9 shRNA were treated with Mylotarg (IC50 dose)
and maintained in methylcellulose for up to 14 days.  Clusters of <40 cells were enumerated and percentages compared to no drug
and non-silencing controls are plotted. Data are representative of duplicate wells, n=2.  Mean and standard deviation values are
plotted, *P≤0.05, **P≤0.01, ***P≤0.001.
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