
Expression of miR-196b is not exclusively MLL-driven but is especially linked to
activation of HOXA genes in pediatric acute lymphoblastic leukemia
Diana Schotte, Ellen A.M. Lange-Turenhout, Dominique J.P.M. Stumpel, Ronald W. Stam,
Jessica G.C.A.M. Buijs-Gladdines, Jules P.P. Meijerink, Rob Pieters, and Monique L. Den Boer

Department of Pediatric Oncology and Hematology, Erasmus MC/Sophia Children's Hospital, Erasmus University Medical Center
Rotterdam, the Netherlands 

Citation: Schotte D, Lange-Turenhout EAM, Stumpel DJPM, Stam RW, Buijs-Gladdines JGCAM, Meijerink JPP, Pieters R, and
Den Boer ML. Expression of miR-196b is not exclusively MLL-driven but is especially linked to activation of HOXA genes in pedi-
atric acute lymphoblastic leukemia. Haematologica 2010;95(10):1675-1682.  doi:10.3324/haematol.2010.023481

Online Supplementary Design and Methods

Sample preparation for real-time quantitative polymerase
chain reaction

At least 5x106 freshly obtained leukemia cells were lysed in Trizol
reagent (Gibco, BRL, Life Technologies) and stored at -80 ºC until
RNA was extracted according to the manufacturer’s guidelines with
minor modifications, as described previously.1 RNA pellets were dis-
solved in TE-buffer [10 mM Tris-HCL,1 mM EDTA (ethylenedi-
aminetetraacetic acid) at pH 8.0] and stored at -80 ºC. Prior to cDNA
synthesis, RNA was quantified using a NanoDrop 1000 spectropho-
tometer (Isogen Life Science, De Meern, the Netherlands) and
loaded on a 2100 bioanalyzer (Agilent, Amstelveen, the
Netherlands) to determine the quality. All RNA samples included
had an RNA integrity number of 7.5 or greater.

Real-time quantitative polymerase chain reaction analysis
of HOXA genes

RNA was reverse-transcribed into cDNA using random hexamers
and oligo dT primers and then diluted to 8 mg/�L as described else-
where.1 cDNA was stored at -80 ºC before use. The levels of expres-
sion of HOXA3, HOXA9 and HOXA10 transcripts were quantified
relative to glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
cDNA specific for HOXA9, HOXA10 and GAPDH was amplified
using dual fluorescence-labeled non-extendable probes; for HOXA3
SYBR green reagents (Applied Biosystems, Foster City, USA) were
used as reported before.1-3 Probes and primers (sequences listed in
Online Supplementary Table S1) were purchased from Eurogentec
(Seraing, Belgium) after being developed using the OLIGO 6.22 soft-
ware (Molecular Biology Insights, Cascade, USA) according to stan-
dardized guidelines: melting temperatures of 65±1ºC for primers
and 75±1ºC for probes (nearest neighbor method at salt concentra-
tion of 303 mM of Na+ equivalent and 300 nM of primer concentra-
tion), specific PCR reactions showing only a single product on the
gel and (in the case of SYBR green reactions) a single dissociation
curve, an amplification efficiency (calculated according to the equa-
tion: E = 10-(1/slope) - 1) of ≥ 95% for all reactions, and a negative
non-template control.1,4 Forty nanograms of cDNA specific for
HOXA9, HOXA10 and GAPDH were amplified in duplo in a total
volume of 50 mL containing 300 nM forward and reverse primers, 50

nM probe, 200 mM each of dNTP, 4 mM MgCl2 and 1.25 U of
AmpliTaq gold DNA polymerase in Taqman A buffer (Applied
Biosystems). Amplification of cDNA specific for HOXA3 was per-
formed using SYBR Green reagents in the presence of 1.5 mM
MgCl2 as reported by others.3 After initial denaturation for 10 min at
95ºC, samples were amplified for 40 cycles of 15 sec at 95ºC and 60
sec at 60ºC on an Applied Biosystems 7900HT system with SDS 2.3
analysis software. As all PCR reactions had an efficiency of 95% or
more, relative mRNA levels of HOXA3, HOXA9 and HOXA10 tran-
scripts were normalized to the expression levels of the reference
gene GAPDH and their expression levels was calculated as a per-
centage of that of GAPDH using the following formula: 2-DCt x 100%
where the DCt is equal to Ct HOX gene minus Ct GAPDH.4

Real-time quantitative polymerase chain reaction 
of miR-196b

MiR-196b expression was measured by RT-qPCR using a specific
stem-loop reverse transcription primer and probe combination
designed by Applied Biosystems (cat. no. 4427975).5 Endogenous
small nucleolar RNA 1 (snoRNA-1 or RNU24, 5’- AUUUGCUAU-
CUGAGAGAUGGUGAUGACAUUUUAAACCACCAA-
GAUCGCUGAUGCA-3’cat. no. 4373379) was used as a reference
for small RNA-input as snoRNA-1 expression levels do not vary sig-
nificantly between different subtypes of ALL. As described else-
where, reverse transcription was performed in a total volume of 7.5
mL containing 5 ng total RNA, 0.25 mM of each dNTP, 3.3 U/mL
MultiScribe reverse transcriptase, 1x reverse transcription buffer,
0.25 U/mL RNase inhibitor and 50 nM of specific stem-loop reverse
transcription primer (all Applied Biosystems).6 The 7.5 mL reverse
transcription reactions were incubated in duplicate for 30 min at 16
ºC, 30 min at 42 ºC, 5 min at 85 ºC and then kept at 4 ºC. cDNA
samples were stored at –20 ºC until further use.

One microliter of cDNA was amplified in duplicate in a total vol-
ume of 10 mL containing 1x TaqMan® Universal PCR Master Mix,
0.2 mM TaqMan® probe, 1.5 mM forward primer and 0.7 mM reverse
primer (all Applied Biosystems). Further amplification conditions
and the equation used to calculate the level of miR-196b expression
relative to the level of snoRNA-1 level are the same as those
described above for the HOXA and GAPDH genes.
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Online Supplementary Figure S1. Correlation between expression levels of miR-196b, HOXA9 and HOXA10 irrespective  of MLL-status. The expres-
sion levels are compared between miR-196b and HOXA9 (A) and between miR-196b and HOXA10 (B) in 12 MLL-rearranged precursor B-ALL (closed
circles), 6 other precursor B-ALL patients without MLL- translocation (open circles) and 22 T-ALL patients (triangles). The expression level of miR-
196b was normalized for  the expression level of snoRNA-1 as measured by quantitative stem-loop RT-qPCR whereas the expression of  HOXA9 and
HOXA10 transcripts was normalized for GAPDH mRNA expression levels as measured by quantitative RT-qPCR.
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Online Supplementary Figure S2. miR-196b expression in MLL-rearranged
patients is linked to the expression of the HOXA cluster, but not to the
expression of the HOXB or HOXC cluster. The expression of miR-196b was
compared to the  expression of different members of the HOXA (A), HOXB
(B) and HOXC (C) clusters in 12 MLL-rearranged  ALL patients. Spearman’s
correlation coefficient was  calculated and plotted here as bars. # 1, 2 and
3 refers to  the presence of more than one probeset for the specific  gene
on the Affymetrix U133A arrays (Online Supplementary Table S1). *P≤0.05,
**P≤0.01, ***P≤0.001, ****P≤0.0001. Genomic location of miR-196b on
7p15.2 within the HOXA cluster (A), miR-196a-1 on 17q21.32 within the
HOXB cluster (B) and miR-196a-2 on 12q13.13 within the HOXC cluster
(C) is shown below the graphs. D indicates genes for which no probesets
were present on the Affymetrix  U133A arrays.
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Online Supplementary Figure S3. miR-196b expression in T-ALL patients is
linked to the expression of the HOXA cluster, but not to the expression of
the HOXB or HOXC cluster. The expression of miR-196b was compared to
the expression of different members of the HOXA (A), HOXB (B) and HOXC
(C) clusters in 18 T-ALL patients.  Spearman’s correlation coefficient was
calculated and plotted here as bars. # 1, 2 and 3 refers to the presence of
more than one probe set for the specific gene on the Affymetrix U133A
arrays (Online Supplementary Table S1). *P≤0.05, **P≤0.01, ***P≤0.001,
****P≤0.0001. Genomic location  of miR-196b on 7p15.2 within the
HOXA cluster (A), miR-196a-1on 17q21.32 within the HOXB cluster (B) and
miR-196a-2 on 12q13.13 within the HOXC cluster (C) is shown below the
graphs. D indicates genes for which no probe sets were present on the
Affymetrix U133A arrays. 
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Online Supplementary Figure S4. Discordance between microarray
data and quantitative RT-PCR data for  HOXA3, but concordance for
HOXA9 and HOXA10 genes Normalized expression levels as meas-
ured by microarray for HOXA3 (A), probe set 208604_s_at ), HOXA9
(B), probe set HOXA9_ #1, see Online Supplementary Table S1),
HOXA10 (C), probe set HOXA10_ #1) are compared with their expres-
sion levels as determined by quantitative RT-PCR (Taqman) normal-
ized for GAPDH mRNA expression levels. In contrast, data obtained
with probe set 235521_at correlate with those of HOXA3 quantita-
tive RT-PCR.37 However this probe set was not available on the
Affimetrix U133 array and was not, therefore, included in this study. 
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Online Supplementary Table S1. Specific primer and probe combinations used for RT-qPCR.



Online Supplementary Table S2. Affymetrix U133A probe set description for HOX genes.


