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Abstract
Patients with β-thalassemia suffer from a lack or absence of the beta-globin chain of normal hemoglobin (Hb). Therefore, 
an increase in fetal Hb (HbF) levels could improve the clinical status of these patients. Downregulation of BCL11A, a key 
regulatory transcription factor, could ameliorate the clinical status of thalassemic patients by increasing HbF levels. miR-30a 
expression and its relationship with the BCL11A gene in erythroid precursors was explored in patients with β-thalassemia. 
The relevance of miR-30a to clinical parameters was also investigated. We evaluated the expressions of miR-30a, BCL11A, 
and γ-globin genes by quantitative real-time PCR (qRT-PCR) on isolated erythroid precursors from peripheral blood samples 
of β-thalassemia intermedia (TI) patients and in bone marrow samples from healthy individuals as controls. The correlation 
between miR-30a expression and clinical indices that included HbF levels, ferritin, and the frequency of blood transfusions 
were assessed. We observed increased expression of miR-30a in conjunction with decreased BCL11A expression and elevated 
γ-globin and HbF levels. Patients with elevated miR-30a expression had a higher percentage of HbF and a lower level of 
ferritin. In addition, we observed that overexpression of miR-30a in erythroid precursor cells led to reduced BCL11A expres-
sion and was associated with elevated γ-globin expression. Our findings showed the importance of miR-30a in BCL11A and 
HbF regulation, and in the clinical status of patients with β-thalassemia
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Introduction

β-thalassemia is a hereditary blood disorder characterized by 
decreased or lack of synthesis of beta-globin chains, which 
result in excessive α-chains in red blood cells (RBCs) and 
ineffective erythropoiesis [1]. Symptomatic cases occur in 
one out of every 100 000 individuals on average. A higher 
prevalence of thalassemia has been reported in Africa, 

central Asia, the Middle East, and the Mediterranean [2]. 
The severity of thalassemia varies depending on the loss of 
one or both beta-globin genes. According to its symptoms, 
thalassemia is classified into three forms—minor, intermedi-
ate, and major. Although patients with thalassemia interme-
dia (TI) frequently lead normal lives, they might require reg-
ular transfusions based on the severity of their anemia [3]. 
Hemoglobin (Hb) levels in TI patients are generally between 
7–10 g/dL and symptoms of anemia may not be observed 
until middle age. These patients are categorized into two 
distinct classes, transfusion-dependent thalassemia (TDT) 
and non-transfusion-dependent thalassemia (NTDT). Previ-
ous studies have reported the development of iron overload 
in both groups [4]. Depending on the number of transfusions 
per year, patients are categorized as chronically transfused 
(8 ≤ transfusions), intermittently transfused (1–7 transfu-
sions), or never transfused [5]. Elevations in fetal Hb (HbF) 
levels lead to compensation by ineffective erythropoiesis, 
which prevents anemia and transfusions, and, in turn, iron 
overload [6]. Genome-wide association studies (GWAS) can 
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detect susceptible loci that are responsible for controlling 
HbF levels. These genes include HBS1L/MYB, B cell CLL/
lymphoma 11A (BCL11A), and β-like globin gene cluster, 
each of which might demonstrate significant heterogene-
ity and different frequencies of alleles [7]. In addition to 
these genetic factors, gene polymorphism could influence 
the levels of HbF and F cells. The Xmn1 polymorphism 
(C → T 158) is a recurrent variant of the γ-globin gene, 
which accounts for almost 30% of the variations [8, 9]. The 
presence of the Xmn1(G) polymorphism with an IVS-II-1 
mutation reportedly leads to delayed clinical manifestations 
and affects therapy progress with hydroxyurea [10].

In addition to HbF inducer drugs and gene polymorphism, 
naturally occurring non-coding RNAs (ncRNA), which are 
called microRNAs (miRNAs), also effectively regulate gene 
expression and play a crucial role in globin gene expres-
sion and reactivation of γ-globin [11]. Several miRNAs 
are associated with developmental changes in globin gene 
expression and reactivation of γ-globin. While adults can 
maintain variable levels of HbF without any adverse clinical 
outcomes, relatively high levels of HbF can help patients 
who suffer from Hb disorders such as β-thalassemia [12]. 
miR-210, miR-221, miR-222, miR-15a, miR-16, mir-34a, 
miR-96, miR-486-3p, let-7, miR-326, and miR-144 function 
as regulators of HbF in erythroid cells via modulating fac-
tors such as BCL11A, stem cell factor (SCF), MYB, NRF2, 
and EKLF [13–21]. BCL11A is a zinc finger protein that 
is necessary for normal development of lymphocytes and 
erythroid lineage. BCL11A expresses in hematopoietic pro-
genitor cells (HPCs) and is downregulated during myeloid 
differentiation [22–24]. The results of recent genetic studies 
have found that BCL11A is a new regulator for silencing 
γ-globin expression in erythroid precursors and a develop-
mental regulator of Hb switching. It has been shown that 
mediated knockdown of BCL11A by a lentiviral vector in 
erythroid cells was associated with increased levels of HbF 
production, with no changes in erythroid differentiation. 
This indicates that BCL11A regulates HbF levels through 
direct transcriptional inhibition of the γ-globin gene, rather 
than via modulation of erythroid kinetics, as suggested for 
the HBS1L-MYB locus [13]. miR-30a is located on chromo-
some 6q.13 and reportedly prevents tumor metastasis and 
proliferation, control of epithelial to mesenchymal transi-
tion (EMT), and plays a role in chronic myeloid leukemia 
(CML) autophagy [25]. The results of a cohort study on 
patients with non-small cell lung cancer (NSCLC) have 
shown a remarkable relation between disease pathogen-
esis and miR-30a expression as a suppressor of BCL11A 
[26, 27]. Based on the important role of BCL11A on Hb 
switching and inhibiting this factor by miR-30a in previous 
studies, in the present study, we investigated the underlying 
mechanism for the roles of miR-30a and BCL11A in govern-
ing γ-globin gene expression and assessed the correlation 

between miR-30a and HbF levels. We found that miR-30a 
suppressed BCL11A expression and increased γ-globin gene 
expression. A higher expression of miR-30a was related to 
an increased level of HbF in TI patients.

Materials and methods

Sample collection and laboratory analysis

This study was conducted on samples provided by patients 
diagnosed with TI (n = 31). Human adult peripheral blood 
and bone marrow samples (n = 3) were procured and pro-
cessed following approval by the Ethics Committee of 
Tarbiat Modares University, Tehran, Iran (registration no. 
2398007, approved September 02, 2016) and after patients 
provided written informed consent for study participation. 
Peripheral blood (5–10 mL) was collected at the Zafar Adult 
Thalassemia Clinic, Iranian Blood Transfusion Organiza-
tion (IBTO), Tehran, Iran during 2017–2018. None of the 
patients were under treatment with hydroxyurea, nor had 
they received any transfusions for at least the past month 
prior to sample collection. The blood samples were collected 
in EDTA tubes and analyzed by an automated hematology 
analyzer (Sysmex KX-21N, Japan). Serum ferritin was ana-
lyzed using an automated immunoassay system (Architect 
i1000SR; Abbott Diagnostics, USA) to evaluate iron over-
load status. HbF also was measured using a capillary elec-
trophoresis system (Sebia Capillarys 2 Flex Piercing system, 
France).

Molecular analysis

DNA was extracted from the patients’ peripheral blood 
leukocytes by the salting out method. The most common 
mutations were genotyped by PCR in an Eppendorf, Mas-
tercycler® gradient 5331 (Eppendorf AG, Hamburg, Ger-
many). ARMS-PCR and beta-globin gene sequencing were 
performed to detect β-thalassemia gene mutations. In the 
case of non-detecting expected mutations, α-globin gene 
mutations were assessed using GAP-PCR (3.7, 4.2, and 
MED) in addition to HBA1 and HBA2 gene DNA sequenc-
ing. We used RLFP-PCR to detect the Xmn1 polymorphism 
in patients’ samples. Blank solutions that contained all of the 
components, except for DNA, were tested with the samples 
to prevent any false positives. All reactions were performed 
in triplicate.

Enrichment of erythroid precursor cells

Erythroid precursors were isolated from 2 mL of normal 
bone marrow and 4 ml peripheral blood from the patients 
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diagnosed with TI using Percoll (Sigma-Aldrich, USA) as 
previously described [28].

Isolation of hematopoietic stem cells (HSCs)

Hematopoietic stem cells)HSCs( were isolated from the 
buffy coat derived from 150 mL of donated cord blood (CB). 
Preservative-free CB samples that contained citrate phos-
phate dextrose (CPD) anti-coagulant were collected from the 
IBTO Public Umbilical Cord Blood Center. Red cells were 
initially precipitated using 6% hydroxyl-ethyl- starch (HES, 
Spain). Mononuclear cells (MNCs) were isolated from the 
supernatant by density gradient centrifugation on Ficoll-
Hypaque (Lymphodex, Germany) as previously described 
[29]. Next, the CD34+ HPCs were purified with a CD34 
Microbead Kit according to the manufacturer’s instructions 
(Miltenyi Biotec, Germany).

Cell culture and nucleofection

For erythroid differentiation, the isolated CD34+ cells were 
cultivated in semi-solid media (Methocult; STEMCELL 
Technologies, Canada) that contained 2 U/mL erythropoi-
etin (EPO), 10 ng/mL IL-3, and 100 ng/mL SCF (all from 
PeproTech, USA). The cells were maintained for 10 days 
at 37 °C in a humidified atmosphere and 5% CO2. At day 
10, burst-forming unit-erythroid (BFU-E) colonies that con-
sisted of pure erythroid precursors were harvested by using a 
Pasteur pipette and a stereomicroscope, under a class I bio-
logical safety cabinet. The colonies were washed twice with 
ice-cold phosphate-buffered saline (PBS; Gibco, USA), and 
the erythroid precursors (2 × 106 cells) were centrifuged at 
200×g for 10 min at room temperature, then re-suspended in 
100 µL human CD34 Cell Nucleofector™ Solution (Amaxa 
GmbH, Köln, Germany). The cell suspension was combined 
with 5 μg of a LentimiRa-GFP-hsa-miR-30a-5p plasmid 
(ABM, Canada). The cell/DNA suspension was transferred 
to a certified cuvette and transfected using program U-008 
of the nucleofector device (Amaxa GmbH). The negative 
control consisted of mock transfected cells, which were 
nucleofected with plasmid that lacked precursor-miR-30a. 
After nucleofection, 500 μL pre-warmed culture medium 
was added to the cuvette that contained the nucleofected 
cells and the cells were transferred to 12-well plates. The 
cells were incubated at 37 °C for 48 h. miR-30a expression 
was analyzed by qPCR to assess the transfection efficiency.

CD34 purity and erythroid lineage differentiation

Flow cytometry was performed to assess the purity of the 
isolated CD34+ HPSCs by using PE-conjugated human 
CD34 antibody (BD Pharmingen, USA). The purity of 
the isolated erythroid precursor cells and the CD34+ 

differentiated erythroid lineage was measured using anti-
CD235a-FITC-conjugated (BD Pharmingen, USA) and 
anti-CD71-PE-conjugated (BD Pharmingen) antibodies 
according to previously described protocols [30]. Finally, 
the cells were washed twice with PBS and resuspended in 
100 μL PBS that contained 0.5% BSA. Flow cytometry 
analysis was performed within an hour after the prepara-
tion procedure with a FACSCalibur instrument (Becton 
Dickinson, USA). Data analyses were carried out using 
FlowJo 7.5.5 software.

RNA extraction and q‑RT PCR

Total cellular RNA that included miRNAs was extracted 
from at least 2 × 105 cells for each sample by using TRI-
zol reagent (Thermo Fisher Scientific, USA) following 
the manufacturer’s instructions. The concentration and 
purity of the RNA samples was assessed as 260/280 nm 
and 260/230 nm ratios, respectively, and were measured by 
a BioPhotometer 6131 (Eppendorf, Germany). cDNA was 
synthesized with a PrimeScript™ RT-PCR kit according to 
the manufacturer’s instructions (Takara Bio, Inc., Japan). 
cDNA synthesis for evaluation of miR-30a was performed 
by a different procedure using a Pars Genome miRNA 
Assay kit according to the protocol (Pars Genome, Iran). 
The following primers were used for qPCR: BCL11A 
sense: 5′-ACA GGA ACA CAT AGC AGA TAA AC-3′ 
and antisense: 5′-TAT TCT GCA CTC ATC CCA GG-3′; 
γ-globin sense: 5′-CTG GGA AGG CTC CTG GTT G-3 
and antisense: 5′-CAG AGG CAG AGG ACA GGT TG-3′; 
β-actin sense: 5′-TGA AGA TCA AGA TCA TTG CTC 
CTC-3′ and antisense: 5′-AGT CAT AGT CCG CCT 
AGA AGC-3′. Quantitative real-time PCR (qRT-PCR) 
was performed using the StepOne Real-time PCR System 
(Applied Biosystems, USA). RNU6 was the internal con-
trol in miRNA quantification. The PCR efficiency for all 
of the analyzed genes was estimated using standard curves 
generated by PCR on serial dilutions of cDNA.

Statistical analysis

The normality of the sample distributions was calculated 
by the Kolmogorov-Smirnoff test. Because the samples 
had normal distribution, we used the t-test and one-
way ANOVA to assess the data differences between the 
TI patients. Correlation between miR‑30a and HbF was 
assessed by the Pearson’s correlation test. Statistical analy-
sis was carried out with GraphPad Prism, version 6.07 
(GraphPad Software, USA). A p-value < 0.05 was consid-
ered to be statistically significant.
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Results

Genetic assessment of patients with thalassemia 
intermedia (TI)

All patients (n = 31) were confirmed to have typical 
β-thalassemia mutations (Table 1), which have the high-
est incidence among Iranian thalassemia patients. The 
IVS-II-1 mutation was the dominant mutation among the 
mutations in the studied thalassemia samples. No patients 
had any α-globin gene mutations (Table 1). Patients were 
also evaluated for the presence of the Xmn1 polymorphism. 
The results indicated that 61% of patients had this polymor-
phism. Carriers of the Xmn1 polymorphism have a higher 
level of HbF and a better clinical manifestation. As shown in 

Fig. 1a, a significant relationship existed between the level of 
HbF in the homozygous and wild type (no polymorphism) 
groups (p < 0.001). There was no significant correlation 
noted between miR-30a expression and the Xmn1 polymor-
phism (Fig. 1b).

Fetal hemoglobin (HbF) content and flow cytometry 
assay

HbF level was measured by capillary electrophoresis. All 
patients with TI had an increased level of HbF (average: 
57.67%) (Table 1). Flow cytometry histogram showed that 
the purity of the CD34+ cells was 98% (Fig. 2a). A total of 
76.1% of the differentiated erythroid precursors expressed 
CD71 and 97.6% expressed CD235a (Fig. 2b, c).

Increased miR‑30a expression in thalassemic 
erythroid precursors

We assessed expressions of miR-30a, BCL11A, and γ-globin 
in the erythroid precursors of normal bone marrow and 
patients with TI. The results showed a significantly higher 
miR-30a level in patients with TI compared with the nor-
mal samples (p < 0.0001; Fig. 3a). Additionally, an 11.6-fold 
increase in miR-30a was coupled with a 0.62-fold decrease 
in BCL11A (p < 0.05; Fig. 3b). γ-globin gene expression 
increased by 12.26-fold in patients with TI compared with 
the normal group (p < 0.001; Fig. 3c). We determined the 
correlation between miR-30a and HbF levels to better assess 
the relative abundance of miR-30a expression. The miR-
30a fold changes had a positive correlation with HbF levels 
(r = 0.8004, p < 0.0001) in erythroid precursors from patients 
with TI.

miR‑30a expression and status of patients’ 
transfusions

Correlation between the level of miR-30a and transfusion 
status was examined to evaluate the effect of miR-30a lev-
els on transfusion and non-transfusion dependent patients 
with TI. Approximately 39% of the patients (n = 12) had 
never received transfusions and 61% (n = 19) were intermit-
tently transfused (Fig. 4a). There was a higher level of miR-
30a in patients who had never been transfused (p < 0.0009, 
Fig. 4b). A comparison of HbF levels between both groups 
showed a significantly higher level in patients with no trans-
fusions (66.9%) compared with the intermittently transfused 
group (44.77%; p = 0.04) (Fig. 4c). We measured serum fer-
ritin levels to evaluate the link between miR-30a and iron 
overload. The ferritin level was significantly lower in the 
group with no transfusions compared with the intermittent 
group. On the other hand, a lower ferritin level (790 ng/ml) 

Table 1   Prevalence of typical β-globin mutations in TI patients

β-globin mutation analysis Xmn1 poly-
morphism

HbF(%)

IVSI-110/IVSII-1(G > A) (− / −) 10.1
IVSII-1 (G > A)/ IVS-II-1 (G > A) (− / −) 14.28
IVS-II-1(G > A)/? (− / −) 10.6
IVS-II-1(G > A)/IVSI-6 (− / −) 42.6
IVS-II-654/W+  (+ / +) 37.9
IVS-II-1(G > A)/IVS-II-1(G > A) (− / −) 28
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (− / −) 47.8
IVSI-5(G > A)/IVS-II-1(G > A) (− / +) 23.9
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / +) 58
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / +) 30.1
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / −) 45.7
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / −) 42.6
C127(A > G)/WT (+ / +) 51.8
IVS1-6/-88 (+ / −) 36.2
SICILIAN/SICILIAN (+ / +) 65.7
C22/IVS-II-1(G > A) (− / −) 70.2
5UTR + 20(C > T)/IVS-II-745(C > G) (+ / +) 44.7
FR36-37/IVSI-6 (+ / +) 10.7
IVS-II-1(G > A)/? (− / +) 69.2
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / +) 99
Fr8/9(+ G)/IVS-II-1(G > A) (+ / +) 96
IVSI-5(G > A)/IVS-II-1(G > A) (+ / +) 99
IVS-II-1 (G > A)/ IVSI-5(G > C) (+ / +) 90.5
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (+ / −) 97.5
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (− / −) 81.3
IVS-II-1 (G > A)/C22 (G > T) (− / −) 63.9
IVS-II-1(G > A)/IVSI-6 (+ / −) 99
IVS-II-1 (G > A)/Fr8/9(+G) (− / −) 72.6
IVS-II-1 (G > A)/C8(-AA) (+ / −) 97.8
IVS-II-1 (G > A)/ IVS-II-1 (G > A) (− / +) 79
IVSI-5(G > A)/IVS-II-1(G > A) (+ / +) 71.1
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was associated with a higher level of miR-30a (456 ng/ml) 
(Fig. 4d).

Overexpression of miR‑30a and BCL11A level

miR-30a expression increased significantly after transfec-
tion of the erythroid precursor cells within 24 h (4.5-fold) 
and by 7.18-fold within 48 h compared to the control group 
(Fig. 5a, d; p < 0.05). The cells transfected with miR-30a 
vector had decreased BCL11A expression within 24 and 
48 h compared to the control group; however, this decrease 

was only significant at 48 h (Fig. 5b, e; p < 0.05). γ-globin 
gene expression increased in cells transfected with miR-30a 
by 1.49-fold at 24 h and by 6.87-fold at 48 h (Fig. 5c, f; 
p < 0.05).

Discussion

Thalassemia is one of the most common types of anemia 
associated with β-globin defects. Major and intermediate 
thalassemia patients suffer from problems caused by anemia. 

Fig. 1   The Xmn1 polymorphism and its relationship with fetal hemo-
globin (HbF; %) and miR-30a expression in patients with thalassemia 
intermedia (TI) (n = 31). a A significant relationship existed between 
HbF (%) in the group without any polymorphism and the homozy-

gous group. b Gene expression analysis of miR-30a in the group 
without any polymorphism, and the heterozygous and homozygous 
groups by qRT-PCR. Data are presented as SD. *p < 0.05, **p < 0.01, 
***p < 0.001, and ****p < 0.0001

Fig. 2   The CD34+ hematopoietic stem cells (HSCs) and erythroid 
precursors were characterized by analyzing the CD34, CD71, and 
CD235a markers, respectively. a A total of 98% of isolated cells 

expressed CD34. b, c Erythroid precursors were expressed in both the 
CD71 and CD235a markers
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One of the principal treatments to alleviate symptoms is 
to increase HbF levels by targeting genes responsible for 
the switch from HbF to HbA and by inhibition of BCL11A 
gene expression [6]. miRNAs are novel effector molecules 
that can target γ-globin negative regulatory genes to alter 
HbF levels [31]. Many studies have investigated the role 
of miRNA and HbF induction in hemoglobinopathies. 
The results of in vitro studies have demonstrated that miR-
96 directly targets the ORF of γ-globin to mediate gene 
silencing [15]. Furthermore, individuals with trisomy 13 
have elevated HbF levels due to inhibition of the repres-
sor protein MYB by miR-15a and miR-16 [32]. A previous 
study in patients with β-thalassemia has shown an associa-
tion between elevated miR-486-3p and higher HbF levels 
linked to reduced expression of BCL11A, a developmentally 
regulated repressor of γ-globin [13]. These studies, among 
others, indicate the role of miRNAs as prognostic, diag-
nostic or even clinical targets for β-thalassemia treatment. 
Hence, these observations have prompted us to determine 
whether miR-30a expression is subject to miRNA regula-
tion in human erythroid cells. A significant relationship 

has been identified between elevated miR-30a expression 
and its association with BCL11A in NSCLC. In this study, 
pmirGLO dual-luciferase reporter plasmids that carry the 
3′-UTR sequence of BCL11A and plasmids that expressed 
miR-30a, miR-1 or a control miRNA were co-transfected 
into the A549 and NIH3T3 cell lines. Significant repression 
was seen only in miR-30a-transfected cells. As a result, it 
was reported that inactivation of miR-30a might contribute 
to proto-oncogene BCL11A activation [26]. Since it was 
confirmed that miR-30a targets BCL11A, as a master regula-
tor of γ-globin expression, we were interested in the poten-
tial association between miR-30a, BCL11A, and γ-globin in 
erythroid precursors of thalassemia patients.

The present study indicated that the 61% of TI patients 
had the Xmn1 polymorphism and IVS-II-1 was the most 
prevalent mutation. The presence of the IVS-II-1 muta-
tion, either with or without Xmn1, was proven to aide 
indicators for diagnosis of TI [33]. We assessed the rela-
tion between the Xmn1 polymorphism and HbF levels 
and found a significant relationship between HbF levels 
in patients without the polymorphism and homozygous 

Fig. 3   miR-30a affected BCL11A and γ-globin gene expressions. 
a–c Expression levels of miR-30a, BCL11A, and γ-globin genes in 
erythroid precursors of thalassemia intermedia (TI) and normal bone 
marrow aspiration by quantitative real-time PCR (qRT-PCR). d A 

meaningful correlation existed between the levels of miR-30a and 
fetal hemoglobin (HbF). Expressions of γ-globin and BCL11A were 
normalized with the β-actin and miR-30a genes by RNU6. Data are 
depicted as SD. **p < 0.01, ***p < 0.001, and ****p < 0.0001
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patients. Our results supported the results of other stud-
ies where it was shown that, at most, an 89% HbF level 
variation in different individuals was regulated by genetic 
factors, among which the Xmn1 polymorphism had a 
remarkable role [9]. Researchers in another study reported 
that this polymorphism was more prevalent in patients 
with TI and had a strong relationship with the IVS-II-1 
mutation [34]. The Xmn1 polymorphism and miR-30a, 
both of which were noticeably elevated in our patients, 
potentially increase HbF levels. We sought to determine 
the cause for this increase in HbF and assess the rela-
tionship between the Xmn1 polymorphism and miR-30a. 
Our assessment of the relationship between the Xmn1 

polymorphism and miR-30a was not significant in terms 
of fold change between the three groups, with and without 
the polymorphism.

The present study evaluated the possible correlation 
between miR-30a expression with several factors, including 
BCL11A and γ-globin expressions, percentage of HbF, and 
transfusion status in erythroid precursors of patients with 
TI. BCL11A expression had a negative correlation with miR-
30a, whereas both γ-globin and HbF had positive relation-
ships with miR-30a. We observed that patients with elevated 
miR-30a expression had increased levels of HbF due to the 
lower levels of BCL11A. The results of a previous study 
demonstrated that miR-451 upregulation occurred on day 

Fig. 4   Parameters such as fetal hemoglobin (HbF), ferritin, and miR-
30a gene expressions in relation to the transfusion status of patients 
with thalassemia. a The numbers of patients with thalassemia inter-
media (TI) in the intermittent and never-transfused groups. b miR-
30a gene expression was significantly higher in the intermittent 

group compared with the never-transfused patients with TI. c Com-
parison of HbF level in never-transfused and intermittently-transfused 
patients showed that the never-transfused patients had a higher per-
centage of HbF. d The never-transfused group had a lower ferritin 
level. Data are presented as SD. ***p < 0.001
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3 of thalassemic peripheral blood CD34+ cell differentia-
tion into erythroid cells. This study also suggested that early 
erythroid precursors in patients with thalassemia had abnor-
mal miR-451 expression, which could be used to determine 
abnormalities of erythropoiesis [35]. Siwaponanan et al. 
reported that miR-210 had an inverse correlation to Hb and 
Hct. They observed that a higher level of miR-210 in the 
RBCs of patients with thalassemia might be engendered by 
hypoxia, which resulted from decreased Hb levels [36].

With respect to the noticeable relationship between 
miR-30a and increased HbF, we analyzed patients’ clinical 
conditions such as transfusion status and iron overload to 
further assess this impact. The increase in HbF had a sta-
ble association with an improved patient’s clinical status, 
which included reduced ineffective erythropoiesis, α-chain 
accumulation, and iron overload. Increased HbF levels 
were an effective treatment for patients with thalassemia 
[37]. HbF levels were increased in both the intermittently-
transfused and never-transfused groups. This increase was 
significantly higher in the never-transfused group compared 
with the intermittently-transfused group. We observed that 
the increased miR-30a expression was higher in the never-
transfused group. Serum ferritin levels were lower in the 
never-transfused group. The higher level of miR-30a was 
consistent with a lower dependence on transfusion. When 

the HbF level increased, dependence of patients on trans-
fusions decreased, which reduced iron overload [6]. Addi-
tionally, we assumed with an increased HbF level, patients 
would have less hypoxia and anemia. Consequently, hepci-
din, as a master regulator of iron absorption, would increase 
and patients would have lower levels of ferritin and iron 
overload [38]. Recently, it was found that under hypoxic 
conditions, high levels of miR-30a were rich in cardiomyo-
cyte exosomes. This study mentioned that miR-30a expres-
sion is regulated by HIF-1α, which is efficiently transferred 
via exosomes between cardiomyocytes after induction of 
hypoxia [39]. Patients with thalassemia suffer from anemia 
and, consequently, hypoxia, which causes increased expres-
sion of hypoxia transcription factors such as HIF-1α [38]. 
As a result, anemia and hypoxia directly amplify ineffective 
erythropoiesis. Our results supported this as evidenced by 
the higher fold changes of miR-30a in patients with TI.

Increased miR-30a expression, other than HbF, appeared 
to have a negative correlation with ferritin levels in eryth-
roid precursors in patients with TI compared to normal 
controls. This finding suggested that miR-30a might play 
a pivotal role in governing globin switching, induction of 
HbF, and iron overload status during stressed erythropoiesis 
in patients with β-thalassemia. We also overexpressed miR-
30a in normal erythroid precursors. BCL11A expression 

Fig. 5   Evaluation of miR-30a over-expression on the studied genes, 
including BCL11A and γ–globin. a, d miR-30a expression increased 
significantly in erythroid precursors after transfection with the pre-
cursor-hsa-miR-30a plasmid. b–e Significant downregulation of 

BCL11A expression in the transfected miR-30a group occurred after 
48 h of transfection. d–f γ-globin gene expression increased signifi-
cantly in the miR-30a transfected group after 48 h compared with the 
scrambled group. *p < 0.05, **p < 0.01
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diminished following an increase in miR-30a expression 
with an increase in γ-globin mRNA levels. As a result, it was 
confirmed that a transient increase in miR-30a expression 
had a crucial effect on BCL11A and γ-globin expression, 
where miR-30a and BCL11A were endogenously expressed. 
Notably, the same scenario was seen in erythroid precursors 
of patients with TI. A similar study investigated miRNA 
roles, such as miR-486-3p, in HbF elevation. This miRNA 
increased γ-globin gene expression and HbF by inhibiting 
BCL11A [13].

It seems reasonable to presume that miR-30a regulates 
HbF levels and ameliorate symptoms of anemia. This, in 
turn, decreases both dyserythropoiesis and the frequency 
of blood transfusions. We have identified miR-30a as a 
direct regulator of BCL11A expression. Thus, it is a cru-
cial inducer of HbF by regulation of BCL11A. Analyz-
ing miR-30a in conjunction with other blood indexes can 
help us to improve our evaluation of the clinical status of 
patients with thalassemia.
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