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Abstract
Hereditary persistence of fetal hemoglobin deletion type-2 (HPFH-2) and Sicilian-db-thalassemia are conditions described as large

deletions of the human b-like globin cluster, with absent b-globin chains and a compensatory variable increase in g-globin. HPFH,

in general, may be distinguished from DB-Thalassemia by higher fetal hemoglobin (HbF) levels, absence of anemia and hypo-

chromic and microcytic erythrocytes. MicroRNAs (miRNAs) regulate a range of cellular processes including erythropoiesis and

regulation of transcription factors such as the BCL11A and SOX6 genes, which are related to the regulation of g-globin expression.

In this report, a possible association among the overexpression of miRNAs and the expression of the g-globin gene was analyzed

in these two conditions. Forty-nine differentially expressed miRNAs were identified by microarrays in CD34þ-derived erythroid

cells of two subjects heterozygous for Sicilian-db-thalassemia, 2 for HPFH-2 and 3 for controls after 13 days of culture. Some of

these miRNAs may participate in g-globin gene regulation and red blood cell function. The BCL11A gene was found to be

potentially targeted by 12 miRNAs that were up-regulated in HPFH-2 or in DB-Thal. A down-regulation of BCL11A gene expression

in HPFH-2 was verified by quantitative polymerase chain reaction. These data suggest an important action for miRNA that may

partially explain the phenotypic differences between HPFH-2 and Sicilian db-thalassemia and the increased expression of g-globin

in these conditions.
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Introduction

Delta-beta thalassemia (db-thalassemia) and hereditary per-
sistence of fetal hemoglobin deletion type (HPFH) are con-
ditions that are characterized by large deletions of variable
extents in the human b-like globin cluster and a compensa-
tory variable increase in g-globin chains.1 DB-thalassemia
is characterized by the maintenance of the expression
of g-globin genes in adulthood, with absence of d- and
b-globin gene expression and increase of fetal hemoglobin
(HbF) concentrations, and the presence of normal or mild
anemia with hypochromic and microcytic erythrocytes.1

Individuals that are heterozygous for DB-Thalassemia
(db�) present HbF levels ranging from 4.0% to 18.6% distrib-
uted in a heterogeneous (heterocellular) subpopulation
of so-called F cells.1,2 HPFH is distinguished from
DB-Thalassemia by higher levels of HbF, balanced synthesis

of a-like and b-like globin chains, absence of anemia and
normocytic red-cell in heterozygotes, and relatively uniform
HbF distribution (pancelular) among all red cells.1,3

A number of studies suggest various mechanisms to
explain the increase in HbF levels in DB-Thalassemia and

HPFH, such as the presence of one repressor element of

gamma globin between the gamma and delta globin genes

which is removed by deletion and also the presence of

enhancer elements downstream from the b-globin gene

which are brought closer to the beta cluster by the deletion.

Moreover, deletions in HPFH are probably associated with

the removal of silencer or enhancer elements in the proxim-

ity of the g-globin genes. Recently, the discovery of a

BCL11A binding site, characterized as a 3,5 kb intergenic

region upstream from the d-globin gene, seems to be

required for efficient g-globin blocking through binding
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with the BCL11A gene. This region is deleted in HPFH-2
and is preserved in Sicilian DB-thalassemia and may con-
tribute to explain the differences between the phenotypes of
these conditions.3

MicroRNAs (miRNAs) are small non-coding RNAs that
are �22 nucleotides in length and that function as post-
transcriptional regulators by hybridization between the
miRNA and the targeted mRNA in its 3’UTR region, con-
sequently repressing the translation of this mRNA.4–6

In vitro experiments show that miRNAs regulate a variety
of cellular processes, including differentiation, develop-
ment, apoptosis, oncogenesis, metabolism, erythropoiesis
and regulation of transcription factors.7–10

A few studies have focused on the implication of miRNA
expression for HbF induction. One study showed that
human perinatal Hb switching is under the control of the
kit receptor/miR 221-222 complex and that down modula-
tion of these miRNAs stimulates erythropoietic prolifer-
ation through up modulation of the kit receptor.11 The
over-expression of miRNAs-15a and 16-1 in patients with
a trisomy of chromosome 13 led to high levels of HbF, due
to the down-regulation of the MYB transcription factor,
which control the g-globin expression negatively.3 In
another study, an over expression of miRNA-486-3p in
erythroid cells was associated with reduced BCL11A pro-
tein levels and increased g-globin expression.12 Finally, a
study conducted on K-562 cells demonstrated an increase
in g-globin expression caused by miRNA-26b.13

To the best of our knowledge, there has been no com-
parative study of the profiles of miRNAs in DB-thalassemia
and HPFH. Thus, we carried out analyses, comparing the
miRNAs profiles of heterozygous individuals for Sicilian
db-thalassemia (bA/bdb) with heterozygous HPFH-2 indi-
viduals (bA/bHPFH). Forty-nine miRNAs were differentially
expressed and identified in CD34þ-derived erythroid cells
after 13 days in culture with predominance of orthochro-
matic erythroblasts and erythroid enucleated cells. The
BCL11A gene was found to be a potential target for several
miRNAs that were up-regulated in HPFH-2 and Sicilian
db-thalassemia, and the number of such miRNAs was sig-
nificantly higher in HPFH-2 than in db-thalassemia.

Our findings suggest a novel pathway that may contrib-
ute to explain the differences in the expressions of g-globin
in Sicilian db-thalassemia and HPFH-2. Moreover, a deeper
understanding of the interactions between miRNAs and
g-globin gene repressors, such as BCL11A, could lead to
the discovery of new manners of activation of HbF in the
adult erythroid cells of patients with hemoglobin disorders.

Materials and methods
Patients

Two Sicilian db-thalassemia patients and two heterozygotic
HPFH-2 subjects were included in the study. Diagnosis
was carried out by Hb electrophoresis, high-performance
liquid chromatography (HPLC), and the deletion break-
points were confirmed by DNA sequencing. The two
db-thalassemia patients are brothers while the two HPFH-
2 subjects are not related. Three healthy individuals were
used as controls and one of these (CTRL3) is the uncle of the
db-thalassemia patients (see Table 1 for clinical details).
Informed, written consent was acquired from all patients
and controls, and the Ethics Committee, UNICAMP,
approved the study.

Erythroid cell culture

Blood samples from normal volunteers, from two heterozy-
gotic HPFH-2 subjects (bA/bHPFH) and from two heterozy-
gotic Sicilian DB-Thalassemia patients (bA/bdb) were
cultured using a two-phase liquid culture procedure to
examine the expression profile of miRNAs. One culture
from each person was performed. BrieFy, mononuclear
cells were isolated from peripheral blood samples by centri-
fugation over a Ficoll-Hypaque gradient and after immuno-
magnetic separation, CD34þ cells were cultured in 5% CO2 at
37�C for a period of 13 days in a suitable liquid medium for
proliferation and differentiation—(Iscoves’s Modified
Dulbecco’s Medium [IMDM; GIBCOTM, Invitrogen
Corporation, USA] prepared with bicarbonate sodium
[Merck, Germany], glutamine [GIBCOTM, Invitrogen
Corporation, USA], alpha-thioglycerol [Sigma Aldrich, St.
Louis, MO] penicillin/streptomycin [Sigma Aldrich],

Table 1 Clinical data of healthy controls, Sicilian db-thalassemia patients, and HPFH-2 subjects

Controls HPFH-2 DB-Thal

Female (bA/bA) Male (bA/bA) Male (bA/bA) Male (bA/bHPFH) Male (bA/bHPFH) Female (bA/bdb) Male (bA/bdb)
CTRL1 CTRL2 CTRL3 P1 P2 DB1 DB2

RBC (x106/mL) 4.58 5.26 5.84 5.44 5.72 5.35 6.76

HGB (g/dL) 12 15.3 16.9 16.1 15.7 12.9 14.4

MCV (fL) 85.4 85.7 83.5 88 82.9 74.7 64.7

MCH (pg) 26.2 29.1 28.9 29.6 27.5 24.1 21.2

RDW (%) 14 14.1 14.1 14.1 16.4 19.1 18.8

PLT (x103/mL) 234 174 214 270 254 279 222

HbA (%) 86.7 87.1 86.6 65.3 64.8 70.9 81.8

HbA2 (%) 2.8 2.8 2.6 2.5 2.1 2.5 2.9

HbF (%) 0.2 0.5 0.2 25.5 25.3 18.8 6.2
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fungizone [Sigma Aldrich], and supplemented with bovine
serum albumin [BSA] [USBiological, Swampscott, MA], 7.5%
sodium bicarbonate [Sigma Aldrich], a solution of liposomes
[cholesterol, oleic acid and phosphatidylcholine dipalmitol—
Sigma Aldrich], apo-transferrin [Sigma Aldrich], and
fetal bovine serum [FBS; 10%—days 0 through 7 and
30%—from 7 to 13; GIBCOTM, Invitrogen Corporation,
USA]). Cytokines were added to stimulate erythroid differ-
entiation: 50 ng/mL SCF (R&D Systems, USA), 5 ng/mL
interleukin-3 (IL-3; R&D Systems), and 2 units/mL
of erythropoietin (Epo; Eprex3000, Vetter Pharma,
Ravensburg, Germany). The viability and the cell numbers
were determined by trypan blue staining. Samples of
1�107 cells were pelleted and resuspended in the lysis
buffer of the mirVanaTM miRNA Isolation Kit (Ambion,
Life Technologies, Foster City, CA) and stored at �80�C for
total RNA extraction and complementary DNA (cDNA)
synthesis.

Flow cytometry analysis

The erythroid differentiation process was monitored
by flow cytometry using the following cell surface spe-
cific antibodies (Caltag Laboratories, Burlingame, CA):
anti-transferrin receptor (FITC conjugated) (CD 71), anti-
glycophorin A (PE-conjugated), and anti-fetal hemoglobin
(FITC-conjugated). The cell concentration used was 1 x 105

cells in a final volume of 300mL in phosphate-buffered
saline. Data were quantified using a FACsCalibur instru-
ment (Becton-Dickinson, USA) and 10,000 events were
acquired for analysis using Cell Quest Software (Becton-
Dickinson).

RNA extraction and cDNA synthesis

Total RNA was extracted from 1 x 107 cells from each cul-
ture using the mirVanaTM miRNA Isolation Kit (Ambion,
Life Technologies), according to the manufacturer’s guide-
lines. RNA samples were confirmed to be proteins and
phenol free by spectrophotometry. RNA integrity was
assessed by Agilent 6000 RNA Nano chips and an Agilent
2100 Bioanalyzer (Agilent Technologies, USA). cDNA was
synthesized from total RNAs using 1mg of RNA samples,
and employing the RevertAidTM H Minus First Strand
cDNA Synthesis Kit (Fermentas, Thermo Scientific,
Lithuania).

miRNA expression profiling

The total RNA of CD34þ-derived erythroid cells cultured
for 13 days from two HPFH-2 individuals (bA/bHPFH), two
Sicilian DB-Thalassemia patients (bA/bdb), and three
healthy controls (bA/bA) were Cy-3-labeled using the
Agilent miRNA Complete Labeling and Hybridization Kit
(Agilent Tech, Canada). Initially, 100 ng of each total RNA
was dephosphorylated during incubation with calf intes-
tinal phosphatase at 37�C for 30 min and denatured in abso-
lute dimethyl sulfoxide at 100�C for 5 min. Each RNA
sample was labeled with perCp-Cy3 using T4 ligase at
16�C for 1 h before hybridizing on 8x 15K format Agilent
Human miRNA array slides. The hybridizations were

performed for 20 h at 55�C. The slides were washed accord-
ing to Agilent’s instructions and scanned using a DNA
microarray scanner (Agilent Technologies). The miRNA
microarray data analysis was carried out by Agilent
Feature Extraction program (v10.5). The microarray data
were normalized to the quantile and analyzed using the
GeneSpring GX 11.0 bioinformatics platform for hierarch-
ical clustering of samples or miRNAs based on an ANOVA
statistical analysis (P� 0.05), fold change �2.0 and uncen-
tered Pearson correlation metrics.

Real-time PCR

Quantitative real time polymerase chain reactions (PCRs)
were performed using SYBRTM Green PCR Master Mix�

(Applied Biosystems, Life Technologies) and primers
were specifically designed to amplify mRNA from
genes: BCL11A F-50-CCCCAGCACTTAAGCAAACG-30

and R-50-GTGGTCTGGTTCATCATCTGTAAGA-30; SOX6
F-50-AATCTTAGGATCTCGCTGGAAAT-30 and R-50-
AGTGGATCTTGCTTAGCCGG-30. Gene expression levels
were standardized to control levels from GAPDH primers:
F-50-GCACCGTCAAGGCTGAGAAC-30 and R-50-CCACTT
GATTTTGGAGGGATCT-30; ACTB F-50-AGGCCAAC
CGCGAGAAG-30, and R-50-ACAGCCTGGATAGCAA
CGTACA-30. Real-time PCR for miRNAs was performed
using TaqMan� miRNA assay and the standard protocol
(miR-146a: ID000468, Life Technologies). Normalization
was performed using the RNU47 and RNU48 primer kit
(ID 001223; ID 001006, Life Technologies). All reactions
were run a StepOne Plus equipment (Applied Life
Technologies) in experimental replicates and the relative
expression was calculated using geNorm algorithms.

High-performance liquid chromatography

HPLC was used to quantify the hemoglobin variants and
was carried out using the Variant II Hemoglobin Testing
System (Bio-Rad, CA) at the Hematology Laboratory of
the Department of Clinical Pathology—UNICAMP. The
fractions of hemoglobins were quantified using 1 mL of
whole blood from controls, Sicilian db-thalassemia patients,
and from HPFH-2 subjects, before performing the CD34þ-
derived erythroid cell culture.

In silico analysis

The study of the interactions of differentially expressed
miRNAs with some transcription factors as possible targets
was carried out using miRanda–mirSVR (http://www.
microrna.org). This database considers matches to human
30 UTRs using an algorithm called mirSVR (support vector
regression) for scoring the efficiency of miRanda-predicted
miRNA target sites.14

DNA extraction and PCR

The genomic DNA (gDNA) from leukocytes of controls and
patients were extracted from ethylenediaminetetraacetic
acid-treated whole blood samples by the phenol–chloro-
form technique. The quantitation of the samples was per-
formed in the NanoDrop ND-1000 spectrophotometer
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(NanoDrop Technologies, DE). Primers, previously estab-
lished in other studies,15 were used to detect the regions
of the deletion of each disease (breakpoints): B1 50-
GACATGGACTATTGTTCAATGA-30, B2 50-TGCTATGC
CAACTCACTACC-30, B3 50-TTTATATATGAAATG
CTACTGATT-30, F1 50-TTGGGTTTCTGATAGGCACTG-30,
F2 50-GTGTCACCCATTAATGCCTTGTAC-30 and F3 50-
TAGATCCCTTTGCCATTATG-30. Pairs of primers were
used to detect normal sequences, present in controls
and heterozygotes (HPFH-2 ¼ B1/B2 and Sicilian DB-
thalassemia ¼ F1/F2), and mutant sequences (HPFH-2 ¼
B1/B3 and Sicilian DB-thalassemia ¼ F1/F3), present only
in heterozygotes, characterizing the deletions (Figure 1).

Sequencing

The sequencing for the two Sicilian DB-thalassemia patients
was performed on an ABI 3500 Genetic Analyzer (Applied
Biosystems, Hitachi) using the Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystem, CA,
EUA). All steps were performed according to the manufac-
turers’ guidelines for the kits used in the experiment. The
Chromas Lite v2.1.1 software (Technelysium, Australia)
was used to analyze the sequences and to confirm the dele-
tions. The HPFH-2 subjects were previously studied and
deletions confirmed by sequencing.16–18

Results
High-performance liquid chromatography

The identification of hemoglobin variants was carried out
using retention time (RT) windows and area percent and
their relevant RBC parameters and HPLC chromatogramic
findings are presented in Table 1. The subjects studied
were previously diagnosed for HPFH-2 and Sicilian db-
thalassemia, as described, using PCR and DNA sequencing
to confirm the deletions.

miRNA expression profiling

Forty-nine miRNAs that were differentially expressed in
CD34þ-derived erythroid cells after 13 days of culture
were identified in a comparative analysis with two subjects
that were heterozygous for Sicilian db-thalassemia (bA/bdb),

two subjects that were heterozygous for HPFH-2
(bA/bHPFH) and three healthy controls (bA/bA) (Figure 2
and Table S1).

Of the 49 miRNAs that were differentially expressed in
this comparative analysis, 36 miRNAs were up-regulated
only in HPFH-2 (HPFH) (Figure 2 and Table S1). Another
group of five different miRNAs was up-regulated only in
db-thalassemia (DB-Thal) (Figure 2 and Table S1). Further
one miRNA (hsa-miR-362-5p) were up-regulated in HPFH-
2 and in db-thalassemia (DB-Thal) (Figure 2 and Table S1).
Seven miRNAs were not considered in the analysis because
they present at least one negative value in all the groups
(Table S1).

In silico analyses, using the 49 miRNAs differentially
expressed in CD34þ-derived erythroid cells, showed that
12 potentially target the BCL11A gene. According to
MiRanda database, the BCL11A gene is potentially targeted
by a total of 91 miRNAs that were checked against CD34þ-
derived erythroid cells. From these, 11 miRNAs that were
up-regulated only in HPFH-2 (Figures 2 and 3; Table S1)
and one miRNA (miR-128) up-regulated only in DB-Thal
(Figures 2 and 3; Table S1) have one site in the BCL11A gene
to which these miRNAs could bind and control the expres-
sion of this gene. Five miRNAs that were up-regulated only
in HPFH-2 have SOX6 gene as a potential target. Three of
these miRNAs also have the BCL11A gene as a potential
target: miR-21, miR-23b and miR-590-5p (Figure 3). In
silico analyses in the MiRanda database showed four
miRNAs that were up-regulated only in HPFH-2 that
have the MYB gene as a potential target: miR-101, miR-
130a, miR-130b, and miR-301a (Figure 3; Table S1).

BCL11A and SOX6 mRNA gene expressions were deter-
mined by qPCR. Due to the small number of samples, it was
not possible to compare them statistically but an apparent
down-regulation of BCL11A gene expression in CD34þ-
derived erythroid cells (Figure 4(a)) was found in HPFH-2
and DB-Thal, when compared to controls. A down-regula-
tion of SOX6 gene expression was found only in HPFH-2,
when compared to controls and DB-Thal in CD34þ-derived
erythroid cells (Figure 4(b)).

Five miRNAs were evaluated by qPCR and the results
confirmed that the miRNA miR-146a is up-regulated in
HPFH-2 compared to controls and to DB-Thal in CD34þ-

Figure 1 Representation of the human b-globin gene cluster with the deletions HPFH-2 and Sicilian DB-thalassemia. Approximate positions of the oligonucleotide

primers used in the PCR for Breakpoint regions are shown. Details of the primers are provided in ‘‘Materials and methods’’ section. The BCL11A binding-site lies 1.5 kb

5’ d-globin gene (red vertical lines) and is removed in the HPFH-2 deletion, while it is maintained for Sicilian (db)0 deletion
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derived erythroid cells (Figure 5). The miRNAs 96, 210, 451
and 486-3p were also evaluated by qPCR in the seven sam-
ples (CTRL! n¼ 3; HPFH-2! n¼ 2; DB-Thal! n¼ 2), and
confirmed the data of the microarray analyses (Figure 2).

Discussion

This study reports a comparative analysis of the miRprofile
of CD34þ-derived erythroid cells after 13 days in culture
with predominance of orthochromatic erythroblasts from
heterozygous for Sicilian DB-Thalassemia patients and

heterozygous HPFH-2 subjects. Microarray data showed

an up-regulation of 18 miRNAs in CD34þ-derived erythroid

cells for which in silico analysis designated target genes

such as BCL11A, SOX6, and MYB. Of these, 12 miRNAs

target BCL11A. The greater number of miRNAs in these

interactions may suggest a down-regulation of BCL11A

gene expression in HPFH-2, compared to db-thalassemia,

and may indicate that this might be a mechanism by

which of g-globin gene expression is higher in HPFH-2

than in DB-thalassemia.

Figure 2 Mirnome (miRNA) expression profiles in CD34þ-derived erythroid cells (after 13 days of culture) from two heterozygous for Sicilian db-thalassemia patients

(bA/bdb), two heterozygotic HPFH-2 subjects (bA/bHPFH) and three health controls (bA/bA). The dendrograms and heat map were acquired using the Agilent GeneSpring

platform. Heat map legend: red ¼ up-regulation, green ¼ down-regulation, black ¼ unmodulated (Pearson correlation metrics)
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Genome-wide association studies have identified
sequence variants in the genes, BCL11A and HBS1L-MYB,
in independent non-anemic populations that influence HbF
levels.19,20 Subsequently, several studies showed that HbF-
regulating sequences have important effects on clinical
course for sickle cell anemia and b-thalassemia.20,21 It was
subsequently showed that BCL11A is a very important
modulator of HbF switching and essential for blocking
g-globin gene expression in adult erythroid cells.22,23 An
in vivo study with primary adult human erythroid cells
showed that the BCL11A gene is probably associated with
distal regulatory sequences and change the configuration of
the cluster of b-globin. Furthermore, transcriptional

blocking of g-globin gene by BCL11A was shown to include
long distance cooperation and reciprocal action with sev-
eral transcription factors, including SOX6.24

The data presented herein strongly suggest a down-reg-
ulation of BCL11A and SOX6 genes in HPFH-2 on CD34þ-
derived erythroid cells as shown by qPCR analysis. These
genes are considered to be possible targets of several
miRNAs that were also found in this study to be up-
regulated in HPFH-2 and DB-Thalassemia. Furthermore,
the SOX6 gene is potentially targeted by five miRNAs that
are up-regulated only in HPFH-2, compared to DB-Thal
and CTRLs (Figure 3). Taken together, these data suggest
that both BCL11A and SOX6 gene expressions could be,

Figure 3 Gene network of potential targets of the differentially expressed miRNAs found in the microarray data of CD34þ-derived erythroid cells (after 13 days of

culture) from two heterozygous for Sicilian db-thalassemia patients (bA/bdb), two heterozygotic HPFH-2 subjects (bA/bHPFH) and three health controls (bA/bA)

Figure 4 Relative transcriptional levels of BCL11A and SOX6 mRNA, as evaluated by quantitative reverse-transcription PCR (qRT-PCR). (a) BCL11A mRNA

expression in CD34; (b) SOX6 mRNA expression in CD34; Controls ¼ CTRL (n¼3); subjects heterozygous for HPFH-2¼HPFH-2 (n¼ 2); patients heterozygous for

Sicilian db-thalassemia¼DB-Thal (n¼ 2)
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at least in part, modulated by these miRNAs and, conse-
quently, influence the HbF levels.

Considering the differentially expressed miRNAs found
in HPFH-2 and Sicilian db-thalassemia profiles, a few of
these have been previously described as related to erythro-
poiesis or g-globin gene regulation. miRNA-146a, which
was found up-regulated in CD34þ-derived erythroid cells
possibly binds to a site in the 30-UTR of the BCL11A gene,
according to in silico analysis. Recently, this miRNA was
evaluated in peripheral blood mononuclear cell of type 1
diabetes mellitus (T1D) patients and its effect on BCL11A
gene expression was also determined.25 Data showed that
the expression of miR-146a is lower in newly diagnosed
T1D patients compared to controls and that BCL11A gene
expression was significantly up-regulated in these patients.
These data suggest that miR-146a may be active in the con-
trol of the expression of the BCL11A gene.

In another study, miRNA-146b-5p (miR-146b) from the
family of miR-146a was transcriptionally activated by
GATA-binding protein 1 (GATA-1), and promoted human
erythroid and megakaryocytic differentiation via regulation
of the PDGFRA signaling pathway.26 In our study,
miR-146b-5p was found up-regulated in HPFH-2 in
CD34þ-derived erythroid cells, compared to DB-Thal and
controls (Figure 5).

The miRNAs 21, 23b, and 590-5p were up-regulated in
HPFH-2 and appear to have both BCL11A and SOX6 genes
as potential targets. A study suggests that ETO2, an element
of a protein complex containing regulators of hematopoi-
esis, including GATA-1 and SCL/TAL1, positively regulates
the abundance of mature miRNAs, including miR-21.27 A
recent study revealed that, during hypoxia, up-regulated
miR-21 resulted in low catalase activity in young red
blood cells.28 The miRNA-23b was studied in cytoskeleton
remodeling during erythropoiesis. When miR-23b-3p level
was overexpressed, the erythrocyte tropomodulin of 41 kDa
(E-Tmod41) protein level was reduced during erythroid dif-
ferentiation. The E-Tmod41 caps the pointed end of actin

filament (F-actin) and is essential for the formation of
erythrocyte membrane skeleton.29 There is no study asso-
ciating miR-590-5p with erythroid cells.

The miRNA-19a that was up-regulated in HPFH-2 was
associated to erythrocyte shapes and to the phospholipid
and lipid profiles of the erythrocyte membrane.30

Furthermore, the miRNAs 130a and 130b which possible
target MYB gene and were up-regulated in HPFH-2 have
been associated with iron metabolism regulation.31

Although preliminary, due to small number of studied
individuals, our results suggest that there are a number
of miRNAs that are up-regulated in HPFH-2 and
DB-thalassemia. Most of the miRNAs that have BCL11A
and SOX6 as target genes are present only in HPFH-2 and
this may indicate an important factor contributing to the
difference in the g-globin gene expression observed
between these two entities.

These results contribute to confirm the potential thera-
peutic implications of the down-regulation of BCL11A in
erythroid cells in sickle cell disease and b-thalassemia
major patients.32,33
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