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Plasma microRNA-451 as a novel hemolytic
marker for §’-thalassemia/HbE disease
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Abstract. In Southeast Asia, particularly in Thailand,
B°-thalassemia/hemoglobin E (HbE) disease is a common
hereditary hematological disease. It is associated with patho-
physiological processes, such as the intramedullary destruction
of immature erythroid cells and peripheral hemolysis of mature
red blood cells. MicroRNA (miR) sequences, which are short
non-coding RNA that regulate gene expression in a suppres-
sive manner, serve a crucial role in human erythropoiesis. In
the present study, the plasma levels of the erythroid-expressed
miRNAs, miR-451 and miR-155, were analyzed in 23 patients
with B°-thalassemia/HbE and 16 control subjects. Reverse
transcription-quantitative polymerase chain reaction analysis
revealed significantly higher levels of plasma miR-451 and
miR-155 in B°-thalassemia/HbE patients when compared to
the control subjects. Notably, among the °-thalassemia/HbE
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patients, a significant increase in miR-451 levels was detected
in severe cases when compared with mild cases. The levels of
plasmamiR-451 correlated with reticulocyte and platelet counts.
The results suggest that increased plasma miR-451 levels may
be associated with the degree of hemolysis and accelerated
erythropoiesis in 3°-thalassemia/HbE patients. In conclusion,
miR-451 may represent a relevant biomarker for pathological
erythropoiesis associated with p°-thalassemia/HbE.

Introduction

[B-thalassemia consists of a diverse group of inherited blood
disorders, which are characterized by abnormalities in
B-globin production (1). In Southeast Asia, particularly in
Thailand, the most common and severe type of compound
heterozygous p-thalassemia is B°-thalassemia/hemoglobin
E (HbE) disease (2). The B°-thalassaemia/HbE phenotype is
caused by co-inheritance of a 3-thalassemia allele from one
parent and a structural HbE variant from the other parent. HbE
is induced following the substitution of a lysine for glutamic
acid at codon 26 of B-globin. As a result, b-globin is unstable
in vitro and is rapidly degraded, which leads to a functional
deficiency (3.4).

[°-thalassaemia/HbE is primarily associated with a reduc-
tion in 3 chain synthesis, which leads to a globin chain imbalance,
ineffective erythropoiesis, oxidative damage and shortened red
blood cell survival (1,5). HbE instability is a minor factor in
the overall pathophysiology of °-thalassaemia/HbE. However,
during intercurrent complications, such as infection or febrile
illnesses, it may result in accelerated red cell hemolysis (3,6). In
[°-thalassemias, two major pathways are involved in erythroid
cell destruction; the first induces premature destruction of
erythroid precursors in the bone marrow and is known as
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ineffective erythropoiesis (5,7), while the second induces hemo-
lysis through the destruction of mature red blood cells (RBCs)
containing unmatched a-globin inclusions in the blood circula-
tion (7). The loss of erythroid precursors and/or mature RBCs
leads to anemic conditions, thus promoting increased production
of erythropoietin (EPO) from the kidneys. The increased level
of EPO subsequently promotes increased erythroid expansion
and extramedullary erythropoiesis (8).

B°-thalassemia/HbE is classified as a disease associated
with extravascular hemolysis, as abnormal RBCs are engulfed
by the reticuloendothelial system, thus inducing splenomegaly
and hypersplenism (5,9). A splenectomy is performed to
reduce the risk of spleen-induced extravascular hemolysis in
patients exhibiting signs of hypersplenism, which increases
blood transfusion requirements (9). A previous study reported
increased levels of serum cell-free Hb, which provides
evidence of intravascular hemolysis (10).

MicroRNAs (miRNAs/miR) are a class of short single-
stranded RNAs, ~20 to 25 nucleotides in length in the
mature form, which negatively regulate target genes at the
post-transcriptional level by degrading complementary mRNA
or inhibiting its translation (11,12). miRNAs are important
molecules involved in development, and cell proliferation,
differentiation and apoptosis (13). Previous studies have demon-
strated that miRNAs are highly abundant and stable in the
blood circulation (14,15). Examinations of circulating miRNA
profiles in the plasma or serum obtained from normal healthy
subjects have suggested that a number of circulating miRNAs
may be of blood cell origin (16). Circulating miRNAs are
considered to be a useful non-invasive biomarker for various
diseases (17,18).

A previous study investigated the expression patterns of
4 miRNAs (miR-451, miR-155, miR-223 and miR-221) during
normal eythropoiesis using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis (19). This
previous study focused on miR-451, an erythroid cell-specific
miRNA (20,21), which was revealed to be upregulated during
erythroid maturation (19). It has been demonstrated that
miR-451 promotes the maturation of committed erythroblasts,
and the hematopoietic transcription factor, GATA-binding
factor 1, directly regulates its expression (22). Functional
studies using gain-and loss-of-function approaches have
demonstrated that miR-451 is associated with human erythroid
maturation (23). By contrast, cellular expression of miR-155 in
cultured erythroid cells markedly decreased during matura-
tion, and was 200-fold lower in mature RBCs (19,24).

miR-155 has been previously characterized as a multifunc-
tional miRNA that serves an important role in pathological
processes associated with a number of diseases, including
cancer, inflammation, immunity and cardiovascular
diseases (25). In addition, overexpression of miR-155 as an
oncogenic miRNA in hematological malignancies and solid
tumors has been reported (26,27).

In the present study, the authors hypothesized that the
levels of erythroid specific miRNAs would increase in the
plasma of patients with intravascular hemolysis, particularly in
severe cases. miR-451 and miRNA-155 levels were analyzed
in plasma samples from patients with f°-thalassemia/HbE and
normal control subjects, using a rapid and sensitive quantita-
tive RT-qPCR assay.
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Materials and methods

Subjects. The present study was conducted with the approval
of the Ethics Committee from the Mahidol University
Institutional Review Board (Mahidol University, Nakhon
Pathom, Thailand) and informed consent was obtained from
each participant (age 18-50 years) enrolled at the Nakhon
Pathom Hospital (Nakhon Pathom, Thailand) between April
2010 and May 2011. A total of 6 ml EDTA-preserved blood
from 23 patients with f°-thalassemia/HbE (10 mild and 13
severe cases) and 16 (normal control subjects) were collected.
There were 12 females and 11 males for the 3°-thalassemia/HbE
cohort and 10 females and 6 males for normal control subjects.
The normal control subjects were screened to be free of
thalassemia using red blood cell (RBC) indices, hemoglobin
typing, multiplex gap-PCR and reverse dot blot hybridization.
Standard methods, including complete blood count (CBC),
Hb typing and reverse dot blot hybridization were used for
diagnosis of B°-thalassemia/HbE (28). CBCs and RBC indices
of the control subjects and B°-thalassemia/HbE patients
were determined using an automated cell counter (ADVIA
210; Bayer, Pittsburgh, PA, USA). Hb typing was performed
using an automatic high performance liquid chromatography
system following manufacturer's instructions (VARIANT
II™ Hemoglobin Testing systems; Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The double-heterozygous state for
[°-thalassemia and HbE alleles in all patients was confirmed
by reverse dot blot hybridization according to the previously
described protocol (28). Briefly, the [3-globin gene was ampli-
fied using four biotinylated primers named China 1, China
2, China 3, China 4, (Bio-Synthesis, Lewisville, TX, USA).
The sequences of the modified primers are as follows: China
1, 5-biotin GTACGGCTGTCATCACTTAGACCTCA-3";
China 2, 5'-biotinTGCAGCTTGTCACAGTGCAGCTCA
CT-3'; China 3, 5'-biotin GTGTACACATATTGACCAAA-3,
China 4, 5'-biotinAGCACACAGACCAGCACGTT-3' (28).
Amplified DNA products were hybridized with immobilizing
allele-specific oligonucleotide probes on a nylon membrane
(Biodyne C; Pall Life Sciences, Port Washington, NY, USA)
at 45°C for 30 min. Detection of the hybridization reaction was
performed by conjugation of streptavidin-alkaline phosphatase
(Roche Applied Science, Penzberg, Germany). The severity
grading of B°-thalassemia/HbE patients was performed based
on six parameters including: Hemoglobin level, age at disease
presentation, age at receiving first blood transfusion, require-
ment for transfusion, spleen size, and growth and development,
following the standard protocol as described previously (29).

Plasma RNA preparation. A total of 6 ml EDTA-preserved
blood samples were centrifuged at 650 x g for 20 min at
room temperature. Plasma was separated from the samples
and was filtered through a 0.45 yM Minisart® syringe filter
membrane (Merck Millipore, Darmstadt, Germany). A total
of 200 pl plasma was diluted with 50 x1 RNase free water and
1 ul glycogen (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) prior to homogenization with 750 ul
Isogen-LS reagent (Nippon Gene Co., Ltd., Tokyo, Japan) by
vortexing and pipetting. Synthetic cel-miR-39 RNA (1 fmol;
Qiagen GmbH, Hilden, Germany) was spiked into the dena-
tured sample solution. Chloroform (200 ul) was subsequently
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added, and the suspension was shaken vigorously. The samples
were then centrifuged at 18,000 g, 4°C for 15 min, and the
RNA in the aqueous phase was precipitated by adding 400 pl
isopropanol for 10 min at room temperature. RNA pellets were
washed with 1 ml ethanol (70%) and resolubilized in 15 ul
RNase-free water.

RNA preparation from packed red cells. The packed red cells
were separated from the same cohort, including 9 normal
subjects, 9 mild and 9 severe °-thalassemia/HbE patients.
Following separating plasma from whole blood samples by
centrifugation at 650 x g for 20 min at room temperature, the
remaining fraction was further used to separate packed red
cells by density gradient centrifugation using Lymphoprep
(density 1.077+0.001 g/ml; Alere Technologies GmbH, Jena,
Germany) to eliminate mononuclear cells. A total of 100 ul
of packed red cells were separated and homogenized with
750 pl Isogen-LS reagent (Nippon Gene Co., Ltd.). A total of
200 ul chloroform was added, and the suspension was shaken
vigorously. The homogenized samples were centrifuged at
18,000 g for 15 min before RNA in the aqueous phase was
separated into a fresh tube and precipitated by incubating in
400 ul isopropanol for 10 min at room temperature. RNA
pellets were washed with 1 ml ethanol (70%) and resolubilized
in 15 ul RNase-free water.

RT-qPCR analysis. A fixed volume of 5 ul eluted RNA solu-
tion was reverse transcribed to cDNA using looped specific
primers for cel-miR-39, human miR-451, human miR-155 and
let-7a obtained from TagMan MicroRNA assay kits (Applied
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA,
USA; cat. nos. 478293_mir, 478107_mir, 477927_mir,
478575_mir, respectively), and a TagMan® MicroRNA
Reverse Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
For detection of the miRNAs, gPCR analysis was performed
using TagMan MicroRNA assay kits and Universal PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.; cat. no. 4304437). PCR was performed using the Takara
Thermal Cycler Dice (Takara Bio, Inc., Otsu, Japan). Each
reaction was performed in duplicate. For RT-qPCR analysis
of plasma miR-451 and miR-155 expression, the expression of
a known quantity of spiked cel-miR-39 was used for normal-
ization (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The quantification cycle (C,) of miR-451 and miR-155 was
used to calculate the AC, value using the following formula:
AC=C, (cetmir39) = Cq mirNA of interesy- 1 herefore, a higher AC,
value indicated a higher expression level of the miRNA of
interest. For the analysis of cellular miR-451 in packed red
cells, the expression of let-7a was used for normalization.
The AC, value of miR-451 was calculated from the C, of the
miRNAs by subtracting miR-451 from the average C, of let-7a.

Statistical analysis. The association between plasma miR-451,
miR-155 levels and disease severity was analyzed by compared
the levels of each miRNA between the mild and severe group
using the Student's 7-test. Mann-Whitney U tests were used
to evaluate differences between two groups. Receiver oper-
ating characteristic (ROC) curves were plotted to evaluate
the diagnostic accuracy of each miRNA. The sensitivity and
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specificity of the cut-off values were defined as the maximized
area under the ROC curve (AUC) with a 95% confidence
interval value. The correlation between miR-451 or miR-155
and clinical laboratory parameters was evaluated using the
Pearson's correlation test. P<0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using the GraphPad Prism software (version, 5.0;
GraphPad Software, Inc., La Jolla, CA, USA).

Results

Clinical data of patients with (3°-thalassemia/HbE. The
clinical data of the 16 control subjects and 23 patients with
[3°-thalassemia/HbE are shown in Table I. A total of 11 male
and 12 female patients with f°-thalassemia/HbE, and 5 male
and 11 female control subjects were employed in the current
study. Out of the 23 patients with $°-thalassemia/HbE, a total
of 10 were splenectomized. Patients with $°-thalassemia/HbE
exhibited significantly lower RBC counts, Hb level, hematocrit
(Hct), mean corpuscular volumes (MCV), mean corpuscular Hb
(MCH) and mean corpuscular Hb concentrations (MCHC) (all
P<0.05), however, they exhibited significantly higher reticulo-
cyte counts (P<0.05), when compared with the normal control
subjects (Table I). Furthermore, severe 3°-thalassemia/HbE
patients exhibited significantly higher reticulocyte and platelet
counts, and significantly lower RBC counts, Hb, MCV
and MCHC levels (all P<0.05) when compared with mild
[°-thalassemia/HbE patients (Table I).

Increased levels of plasma miR-451 and miR-155 in patients
with °-thalassemia/HbE. The present study used the synthetic
miRNA, cel-miR-39 as an internal control. Cel-miR-39 was
recovered from normal controls and °-thalassemia/HbE
plasma samples at the same level as indicated by the average
C, values of 27.97+0.46 in control subjects and 28.37+0.47 in
the patients with f°-thalassemia/HbE (P=0.5037) (data not
shown).

The expression levels of miR-451 and miR-155, which are
expressed in mature and early erythroid cells (19), respec-
tively, were compared between the plasma samples of the 16
control subjects and 23 patients with °-thalassemia/HbE. The
average C, values of miR-451 and miR-155 were 30.5+0.37 and
36.57+0.33, in control subjects, respectively, and 27.375+0.67
and 34.475+0.58 in patients with 3°-thalassemia/HbE, respec-
tively (data not shown). As indicated by the AC, values, the
levels of plasma miR-451 and miR-155 following normaliza-
tion to 1 fmol synthetic cel-miR-39 were upregulated in the
[(°-thalassemia/HbE plasma samples when compared with
the control samples (miR-451, P=0.0001; miR-155, P=0.0038;
Fig. 1A).

Correlation between plasma miR-451, miR-155 levels and
disease severity. The correlation of miR-451 and miR-155
with disease severity, as well as additional clinical data was
then analyzed. The severity grading was categorized using the
criteria proposed by Sripichai et al (29). The level of miR-451
expression was significantly associated with disease severity
(Fig. 1B). The level of miR-451 was significantly higher in
severe cases than that observed in mild cases (P=0.0101;
Fig. 1B). In addition, the miR-451 levels in mild cases were
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Table I. Hematological and clinical parameters of patients with (3°-thalassemia/HbE and normal control subjects.

Clinical parameters Control (n=16) Mild (n=10) Severe (n=13)
Gender (male/female) 5/11 4/6 7/6
RBC count (1x10° cells/ml) 4.42+0.19* 4.19+0.32° 3.38+0.16
Hb (g/dl) 13.29+0.60* 7.84+0.33° 6.37+0.35
Hct (%) 39.0+1.61° 24.77+0.98 22.51+0.95
MCV (1) 85.29+1.48* 60.45+2.26° 67.22+2.06
MCH (pg) 29.20+0.49* 19.11+£0.72 20.02+0.68
MCHC (g/dl) 34.65+0.10° 31.59+0.17° 29.76+0.42
Reticulocyte count (1x10° cells/I) 49.76+4 .23* 137.70+19° 456.70+£53.73
Platelet count (1x10° cells/ml) 288.72+26.73* 220.90+20.08° 684.92+75.92
Number of splenectomized patients 0 0 10

1P<0.05 vs. total f’-thalassemia/HbE patients; "P<0.05 vs. severe cases of f’-thalassemia/HbE. HbE, hemoglobin E; mild, patients with mild
[°-thalassemia/HbE; severe, patients with severe f’-thalassemia/HbE; RBC, red blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean
corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
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Figure 1. Increased levels of plasma miR-451 and miR-155 in patients with p-thalassemia/HbE. AC, values of miRNA-451 and miRNA-155 were calculated
using the C, values of the internal control, cel-miR-39. (A) Patients with p°-thalassemia/HbE exhibited significantly higher plasma miR-451 and miR-155
levels when compared with normal control subjects. (B) The association between plasma miR-451, miR-155 levels, and disease severity was analyzed using the
Student's -test (black triangles, AC, values of patients without splenectomy; white triangles, AC, values of the patients that had undergone splenectomy). Plasma
miR-451 and miR-155 levels were significantly associated with the degree of 3°-thalassemia/HbE disease severity. The severe cases exhibited significantly
higher levels of miR-451 and miR-155 when compared with the control subjects and mild cases. HbE, hemoglobin E; C,, quantification cycle; miR, microRNA.

significantly higher when compared with the levels observed
in normal control subjects (P=0.0125; Fig. 1B). Similarly,
the miR-155 levels in severe cases were significantly higher
than those observed in the mild cases (P=0.0084; Fig. 1B).
However, no significant difference in miR-155 levels was
observed between mild cases and the normal controls

(Fig. 1B). In addition, significantly higher levels of plasma
miR-451 were observed in patients that had been splenecto-
mized (n=10) when compared to those that were not (n=13;
P=0.0005), with the miR-451 levels in the 3 severe patients
that had not undergone a splenectomy falling within the range
exhibited by the mild cases (Fig. 1). In order to evaluate the
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Figure 2. ROC analysis of plasma miR-451 and miR-155 levels. ROC analysis of plasma (A) miR-451 and (B) miR-155 levels in normal control subjects
(n=16), B’-thalassemia/HbE patients (n=23) and those with mild (n=10) and severe disease (n=13). The sensitivity and specificity values were defined as the
maximized AUC with 95% CI value. ROC, receiver operating characteristic; miR, microRNA; HbE, hemoglobin E; AUC, area under the ROC curve; CI,

confidence interval.

diagnostic value of plasma miR-451 and miR-155, the AC,
values of miR-451 and miR-155 from the two subject groups
were used to construct ROC curves. The discriminating
data between control and °-thalassemia/HbE groups was
observed with an AUC of 0.8668 (P=0.0001) for miR-451 and
0.7690 (P=0.004) for miR-155 (Fig. 2). As shown in Fig. 2A,
plasma miR-451 may discriminate between normal controls
and patients with mild disease (AUC=0.7938; P=0.013), or
between patients with mild and severe disease (AUC=0.7923;
P=0.018). However, the AUC for miR-155 demonstrated that
this sequence may only discriminate between normal controls
and patients with f°-thalassemia/HbE or between mild and
severe cases (AUC=0.8308; P=0.007), but not between normal
and mild cases (AUC=0.6375; P=0.246; Fig. 2B).

Correlation between plasma miR-451 and miR-155 levels and
clinical features. The association between plasma miR-451 or
miR-155 and clinical features, including RBC count, Hb, Hct,
MCYV, MCH and MCHC was investigated. Notably, elevated
plasma levels of miR-451 and miR-155 were significantly
correlated with reticulocyte and platelet counts (Fig. 3). No
statistically significant association between the levels of
miR-451 and miR-155 and any additional clinical parameters,
including RBC count, Hb, Hct, MCV, MCH or MCHC, was
observed (data not shown).

Level of miR-451 in packed red cells. In order to investi-
gate whether the level of cellular miR-451 expression was
deregulated in RBCs from patients with 3°-thalassemia/HbE,
miR-451 levels in mature RBCs collected from the same
subject cohort were analyzed. The levels of cellular miR-451
were not significantly different in control subjects when
compared with patients with -thalassemia/HbE, or in
patients with mild compared with severe cases of the disease
(Fig. 4).

Discussion

Patients with °-thalassemia/HbE exhibit major RBC
abnormalities as a result of precipitation of excess a globin
chains which are unable to form a stable tetramer. Therefore,
a globin chains precipitate as inclusion bodies leading to
the ineffective erythropoiesis and immature destruction of
RBCs (5). p°-thalassemia/HbE is traditionally classified as a
disease with extravascular hemolysis in addition to ineffective
erythropoiesis (5). However, previous studies have provided
evidence of intravascular hemolysis as indicated by increased
serum-free Hb levels and depleted levels of plasma hapto-
globin protein (30,31). Several conventional techniques have
been developed for the assessment of hemolysis, including the
detection of lactate dehydrogenase (LDH), serum haptoglobin
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Figure 3. Correlation between the level of miR-451 and miR-155 and clinical features. Levels of miR-451 and miR-155 correlated with (A) reticulocyte and
(B) platelet counts as depicted by plots of miR-451 and miR-155 AC, values against the absolute number of reticulocytes and platelets. Data were analyzed

using a Pearson's correlation test. miRNA, microRNA; Cq, quantification cycle.
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Figure 4. miR-451 levels in PRCs. (A) The levels of miR-451 in PRCs from 9 control subjects and 18 patients with B°-thalassemia/HbE. (B) The levels of
miR-451 between normal control, and patients with mild and severe cases of ’-thalassemia/HbE. AC, values of miRNA-451 in PRCs were calculated using
the following formula: AC =C,ir-451)-Coamir-ierr- MR, microRNA; PRC, packed red cells; HbE, hemoglobin E; C,, quantification cycle.

and serum-free Hb levels, as well as urine-free Hb, urine
hemosiderin, and erythrocyte survival and indirect bilirubin
tests (32,33). A number of conventional techniques may not
be suitable for routine clinical use, such as the detection of
erythrocyte survival with a radionuclide chromium 51 labeling
method, which requires exclusive equipment for radioactive
materials and a prolonged examination period with a series of
blood samples (34). LDH is considered to be a useful clinical
marker of intravascular hemolysis; however, it is not specific
as LDH is released from neoplastic cells, the liver, or from

damaged organs (35). The present study aimed to develop a
novel and specific method for assessing the degree of hemo-
lysis in f°-thalassemia/HbE patients. Previous studies have
demonstrated that miRNAs are present in the circulation with
high stability, and the profile of circulating miRNAs reflects
the pathophysiological processes of a number of human
diseases (18).

A number of miRNAs serve important roles in the regula-
tion of erythropoiesis (16,19). A previous study revealed that
miR-451 expression may be associated with the production of
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erythroid cells in a lineage- and stage-specific manner (20).
Analysis of the expression patterns of miR-451 during normal
erythropoiesis revealed that the expression of miR-451 was
upregulated during late erythropoiesis (19). A previous study
demonstrated that circulating RBCs contain high levels of
miR-451 expression, with ~10,000-fold greater levels than
granulocytes (19). Expression of miR-451 is dependent on the
Argonaute 2 protein and is restricted to the erythroid lineage.
Mice deficient in the miR-451 cluster exhibited impaired
erythroid maturation, ineffective erythropoiesis and mild
anemia (36). The present study evaluated the possibility
that intracellular hemolysis may result in increased levels of
plasma miR-451. The levels of plasma miR-451 in patients
with %-thalassemia/HbE were elevated and miRNA levels
correlated with disease severity. To the best of our knowl-
edge, the present study demonstrated the suitability of using
plasma miR-451 as a biomarker for erythroid cell destruction
in B°-thalassemia/HbE patients for the first time. Consistent
with the results of a previous study (24), no alteration in the
levels of cellular miR-451 in erythrocytes between control
subjects and B°-thalassemia/HbE patients was observed.
This indicated that the increased levels of plasma miR-451
may be as a result of erythroid cell destruction and not from
the increased miR-451 levels in RBCs. The level of miR-451
was strongly associated with disease severity, and the authors
hypothesize that variations in plasma miR-451 levels may
result from differences in the degree of intravascular hemo-
lysis in each patient. Notably, the patients that had undergone
a splenectomy exhibited higher levels of plasma miR-451
than those that had not. Splenectomy is used to manage
severe cases of B-thalassemia to reduce spleen-induced
extravascular hemolysis. In addition, intravascular hemolysis
has been reported in splenectomy patients (10). The results of
the present study suggest that elevated levels of circulating
miRNA-451 may be a result of red cell destruction via the
intravascular hemolysis pathway in splenectomy patients.

In the present study, the level of plasma miRNA-155,
which is expressed in early erythroid cells, was measured.
miR-155 has been previously characterized as a multifunc-
tional miRNA that serves important roles in the pathological
processes of anumber of diseases, particularly cancer, inflam-
mation, immunity and cardiovascular diseases (25). In
addition, the overexpression of miR-155 as an oncogenic
miRNA in hematological malignancies and solid tumors
has been reported (26,27). The levels of plasma miR-155
in patients with B°-thalassemia/HbE were significantly
higher when compared with control subjects. However, no
correlation between miR-155 expression and disease severity
was observed, as the levels of miR-155 in control subjects
and mild cases were not significantly different. The level
of plasma miR-155 is very low, and is detected at >35 C,.
Therefore, plasma miR-155 expression may be undetected,
which may lead to false-negative results in some cases.

In conclusion, the present study demonstrated that
reticulocyte counts in the circulation were increased in
patients with f°-thalassemia/HbE when compared to normal
controls. In addition, reticulocyte counts were associated
with the level of circulating miR-451. Reticulocytes are
immature erythrocytes, which are released from the bone
marrow into the blood circulation. Increased reticulocyte
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numbers reflect a response to anemia induced by hemolysis
or the loss of erythrocytes, by accelerated erythropoiesis in
the bone marrow. The results of the present study indicate
that the increased levels of circulating miRNA-451 observed
during (°-thalassemia/HbE may result from the accelerated
erythropoiesis-associated destruction of erythroid cells. In
conclusion, the observations suggest that the measurement of
plasma miR-451 may be a relevant biomarker of intravascular
hemolysis in patients with p°-thalassemia/HbE.
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