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Online Supplementary Design and Methods

Patients
The studies reported here were approved by the local medical

ethical review committee, and written informed consent was
obtained from all the participating patients or their guardians. A
large heterogeneous cohort of β-thalassemic patients were mon-
itored for their clinical manifestation and response to hydrox-
yurea (HU) treatment. β-thalassemia patients, with milder phe-
notype, higher Hb level, less or no skeletal deformity, receiving
similar amount of regular (18-30 day intervals) blood transfusions
(average packed red blood cells (RBC) 800 mL) were selected for
the study. Patients were also on parallel chelation therapy with
Desferrioxamine (25-40 mg/kg/day). Transfusions were tem-
porarilyy stopped at the start point of HU treatment, and hema-
tologic indexes were analyzed at different time points. Clinical
visits and laboratory tests for evaluation of HU response were
performed weekly during the first month of treatment and
monthly thereafter for a period of 2-6 months. Compliance was
assessed by counting the HU pills at each return visit and by
questionnaires. The patients were put on oral HU therapy at a
starting dose of 5 mg/kg bodyweight per day. The dose was
increased in increments of 5 mg/kg to a maximum of 20 mg/kg
and was adjusted downward if evidence of hematopoietic sup-
pression was observed (neutrophil count <2 x 109/L, platelet
count <150 x 109/L). The intervention was discontinued if neu-
trophil counts fell below 1.5 x 109/L, platelet counts <80 x 109/L,
or hemoglobin levels were below 80 g/L, and the patient was
advised for blood transfusions. Details of clinical data, molecular
analysis, hematologic indexes, transfusion and treatments are
provided in the Online Supplementary Table S1. At this stage, two
distinct groups were defined based on their response to HU:
‘responders (R)’ with a good response to HU treatment resulting
in maintaining the mean hemoglobin level up to 8.5 g/dL (our
threshold for transfusion) resulting in transfusion independency
during the treatment period except during severe disease such as
heavy flu. These patients had good clinical conditions, desire to

use HU and no side effects. ‘Non-responders (NR)’ with a poor
response to HU treatment showing a mean Hb less than 8.5 g/dL.
This group of patients developed side effects to HU therapy, had
discomfort using the drug, and no or very little change in trans-
fusion intervals during the treatment period. At this point, 27
patients (12 NR and 15 R) were selected for the follow-up study.
At the same time, peripheral blood was collected from the
patients for culture of erythroid progenitors used for subsequent
studies. NR patients with a shorter treatment period (minimum
2 months) started the treatment process later and, since they did
not benefit from it, they stopped taking HU and were put back
on regular transfusion, while R patients became transfusion-inde-
pendent and continued their HU treatment regimes. 
Mutations in the a- and β-globin genes and the -158 XmnI Gγ-

globin gene (C>T SNP) were determined as described previous-
ly.1,2 Since positive correlation between a-globin deletions and
good response to HU therapy is reported,3-5 patients with mutat-
ed or deleted a-globin alleles were excluded from the study.
Although a high HbF base line is correlated with the XmnI poly-
morphism as well other SNPs, HbF response to HU therapy does
not seem to be correlated with the Xmn I polymorphism as well
as β-globin gene mutation.4,6,7 We, therefore, did not bias our
study for these variables. We selected 8 patients from each group
who comply with the above mentioned criteria for microarray
analysis. Age, sex, HU treatment dose, transfusion start age and
transfused blood volume, transfusion intervals were distributed
similarly between the two groups (Online Supplementary Table
S1).

Cell culture
We collected 40 mL of blood from each patient and buffy coats

were isolated by centrifugation. White cells were isolated from
the interphase after Ficoll gradient purification, and washed with
phosphate buffered saline (PBS). For initial expansion, cells were
cultured at a density of 1-2x106 cells/mL in serum-free medium
(StemSpan; Stem Cell Technologies, Vancouver, BC, Canada)
enriched with lipids (40 ng/mL cholesterol-rich lipid mix; Sigma,



St Louis, MO, USA) and supplemented with erythropoietin (2
u/mL, Orthobiotech, Tilburg, The Netherlands), dexamethasone
(1 mM; Sigma) and SCF (50 ng/mL).8,9 The erythroblast cultures
were expanded until Day 10 by daily partial medium changes
and addition of fresh factors, keeping cell densities between 1.5-
2x106 cells/mL. Proliferation kinetics and cell size distributions
were monitored daily using an electronic cell counter (CASY-1,
Schärfe-System, Reutlingen, Germany).

Quantitative PCR conditions and primers
Quantitative real-time PCR (MyIQ, Bio Rad) was performed

using 0.75 mL of SYBR Green I (Sigma S9430; 1/2500 dilution in
DMSO), 0.5 u Platinum Taq (Invitrogen), 10 pmol of each primer
and 4 mL cDNA sample, in a final volume of 25 mL. We used the
following cycling conditions: 3 min at 95°C followed by 40

cycles of 30 s at 95°C, 20 s at 56°C, 40 s at 60°C, 15 s at 75°C.
Human GAPDH and USP14 were used as endogenous references
for normalization. Enrichment of specific sequences was calcu-
lated using the comparative CT method.10

Affymetrix microarrays
HEPs were lysed using the TRIzol Reagent (Invitrogen) and

then incubated at room temperature for 5 min before adding 0.2
mL of chloroform to each 1 mL sample. After centrifugation
(12,000 rpm) for 20 min to separate the phases, RNA was precip-
itated from the aqueous phase by the addition of 0.7 volume of
isopropanol, and collected by centrifugation. The RNA pellets
were washed with 75% ethanol and dissolved in RNase-free
water. RNA samples were stored at -80 C until further use.

Online Supplementary Figure S1.
Hydroxyurea (HU) induces dose depend-
ent hemoglobinization and reduces cell
proliferation of healthy donor HEPs. (A)
HEP growth curves on different HU
doses (0 to 400 mM). (B) Effect of differ-
ent HU concentrations on total hemoglo-
bin production after 8 days of HU treat-
ment. Hb levels are represented in arbi-
trary units (a.u.). (C) HPLC Hb analysis of
samples in (B). Note that the total
amount of Hb does not add up to 100%
because the P3 peak of the HPLC profile
is not assigned to a specific Hb fraction.
(D) Representation of Hb subtypes by
distributing total hemoglobin (B) into
HbF, HBA and HbA2 (C); expressed in
arbitrary units (a.u.). (E) Representative
cytospins of HEPs treated with different
HU concentrations, stained with histolog-
ical dyes and neutral benzidine.
Hemoglobinized cells are stained brown.
Experiments were performed in tripli-
cate, using cells from 2 healthy donors.
Bars represent averages; error bars rep-
resent standard deviation of 6 measure-
ments.

Online Supplementary
Figure S2. Erythroblasts
derived from responders
are less sensitive to HU
treatment. (A) Responder
HEPs grown under prolifera-
tion conditions. (B) Non-
responder HEPs grown
under proliferation condi-
tions. +HU: 100 �M hydrox-
yurea added to the cultures.
Note that the y-axis has a
logarithmic scale.
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Assessment of RNA quality and concentration
The integrity of the isolated total RNA was verified on the

Agilent 2100 BioAnalyzer (Agilent Technologies, Palo Alto, CA,
USA). Samples were kept for further processing if the 28s/18s
ratio was higher than 1.8. The concentrations of RNA were
measured with a NanoDrop ND-111 UV-VIS spectrophotometer. 

cRNA amplification and labeling
Double stranded (ds) cDNA synthesis was performed accord-

ing to the standardized protocol for One-Cycle cDNA synthesis
from Affymetrix (Santa Clara, CA, USA). Approximately 5 mg of
total RNA was first converted to single stranded cDNA in a 20 mL
First-Strand Reaction Mix, containing poly-A control RNA, 100
µmol T7-Oligo primer, 1 x first strand buffer, 0.2 mmol DTT, 10
mmol dNTP mix and SuperScript II. The sample RNA, the poly-

A control RNA and the T7-Oligo Primer were mixed and incu-
bated for 10 min at 70°C. Second, the first strand buffer, the DTT
and the dNTP mix were added and incubated for 2 min at 42°C,
followed by adding SuperScript II and incubation for 1 h at 42°C.
The ds cDNA was prepared from the resultant First-Strand
Reaction Mix, mixed with 1 x second strand reaction buffer, 30
mmol dNTP mix, E. coli DNA ligase, E. coli DNA Polymerase I
and RNaseH. The mix was incubated for 2 h at 16°C, then sup-
plemented with T4 DNA polymerase, and incubated for another
5 min at 16°C. The reaction was stopped by the addition of
EDTA to a final concentration of 5 mM. The Sample Clean-up
Module and GeneChip IVT Labeling Kit from Affymetrix were
used to purify the synthesized ds cDNA, and this was used to
generate biotin-labeled cRNA in the presence of 1 x IVT labeling
buffer, IVT labeling NTP Mix, IVT labeling enzyme mix and

Online Supplementary Figure S3. qRT-PCR of selected genes validates expression profiling analysis. (A) INK4B-ARF-INK4B locus. (B) Stress response
genes. (C) Apoptosis response genes. (D) Globin regulation-related genes. R: Responders; NR: non-responders; HU+: HU+ treated. P-values < 0.05 are
indicated. At least 5 patients were analyzed in each group.
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RNase-free water in a total volume of 40 ml. After incubation
for 16 h at 37°C, the concentration of the labeled cRNA was
checked with a NanoDrop ND-1000 UV-VIS spectropho-
tometer. An A260/A280 ratio between 1.9 and 2.1 was con-
sidered acceptable. Approximately 20 mg cRNA was frag-
mented to an average size of 35-200 nucleotides by heating at
94°C for 35 min, in the presence of a 1 x fragmentation buffer
in a total volume of 40 µl. The fragmented samples were
stored at -20°C before being subjected to hybridization.

Hybridization
Hybridization was conducted following Affymetrix

instructions for GeneChip® Human Genome U133 Plus 2.0
arrays. The GeneArray scanner 3000 (Affymetrix) was used
to detect the hybridization signals.

Pre-processing microarray data
Array quality control
Microarrays that did not pass the quality assessment were

removed from further analyses. The quality metrics used to
exclude microarrays was the statistics summary calculated by
the GCOS algorithm during the processing of probe level
data. The primary inclusion criteria include: all arrays had to
have comparable noise values (Raw Q, measurement for the
pixel-to-pixel variation of probe cells on the chip); back-
ground values were within the range of 20 to 100; percent of
present probe sets on the array should not be below 45%.
The other criteria were: arrays with extremely high or low
values for any of these parameters, e.g. values beyond the
range of standard deviation ± median, were excluded; signal
ratio over 3 of the 3’/5’ probe sets for GAPDH and Actin were
used as a cut off; labeling and hybridization were controlled
by using standard spike-in controls according to the
Affymetrix protocol; if global scaling was applied, the scaling
factors for each array were within a 3-fold range.

Array data analysis: quantile normalization
RMA (Robust Multi-Array average) is an integrated algo-

rithm comprising background adjustment, quantile normal-
ization, and expression summarization by median polish.
The intensities of mismatch probes were entirely ignored due
to their spurious estimation of non-specific binding. The
intensities were background-corrected in such a way that all
corrected values must be positive. The RMA algorithm uti-
lized quantile normalization in which the signal value of indi-
vidual probes was substituted by the average of all probes
with the same rank of intensity on each array. Finally, Tukey’s
median polish algorithm was used to obtain the estimates of
expression for normalized probe intensities.11

Other transformations
Intensities of probe sets lower than 30 were re-set to 30.

The geometric mean for each probe set was calculated across
all samples, or first for each subgroup of samples and then

across all samples (OmniViz, Maynard, MA, USA). The inten-
sity values of individual probe sets in each sample were then
displayed as the log2 value of the deviations to the calculated
geometric means. 

Probe set filtering
Probe sets were involved in further analysis only if their

expression levels deviated from the overall mean in at least
one array by a minimum factor of 1, because the remaining
data were unlikely to be informative. The result was that
36,471 probe sets were eliminated and 18,204 probe sets
remained for further analysis.

Statistical analysis 
The resulting list of 18,204 probe sets was the starting point

for all supervised analyses which, for example, correlated
gene expression with variables such as R versus NR, with or
without HU treatment. Class comparison analysis was per-
formed by using Significance Analysis of Microarray (SAM),
integrated in OmniViz version 5.1. 

Functional annotation
Functional annotation was processed using Ingenuity

Pathway Analysis with a Fisher’s Exact test threshold P value
of 0.05. (Ingenuity, Mountain View, CA, USA).
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Online Supplementary Table S2. NR. vs. R. provided as single supplementary .pdf file.
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Online Supplementary Table S3. Genes in this Table belong to one of the following categories: (A) differentiation and globin
expression related genes or possibly involved in γ-globin regulation based on literature or similarities with genes in the same
gene family (B) stress response or apoptosis genes.  Differential expression is calculated as fold-change, comparing respon-
ders over non-responders. Expression profiling data were confirmed for selected genes by qRT-PCR, as indicated.


