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Abstract
β-thalassemia major is one of the most common hematologic disorders in the world. It causes severe anemia and patients require
regular blood transfusions, which causes different complications such as iron overload and alloimmunization. Regulatory T cells
(Tregs) have an important role in regulation of immune responses. FoxP3 is the major marker of Tregs and its expression can be
influenced by different factors. GDF-15 is another gene that plays a role in iron homeostasis and regulation of immune system in
different diseases. The aim of this study was to assess the frequency of Tregs and FoxP3/GDF-15 gene expression in βthalassemia major patients with and without alloantibody as well as its correlation with different factors such as serum ferritin
and folate levels. This study was conducted on 68 β-thalassemia major patients with and without alloantibodies in comparison
with 20 healthy individuals with matched age and sex as control group. Enzyme-linked immunosorbent assay (ELISA), flow
cytometry, and real-time PCR were performed in order to evaluate serum ferritin and folate levels, frequency of Tregs, and the
expression of FoxP3 and GDF-15 genes, respectively. The percentage and absolute count of Tregs were increased in patients
compared with controls (P = 0.0003), but there was no difference between responders and non-responders (P > 0.05). The Tregs
count correlated positively with serum ferritin. No correlation was observed between target genes and serum ferritin and folate,
but there was a positive significant correlation between the expression of FoxP3 and GDF-15 genes, which shows the immunosuppressive role of GDF-15.
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Introduction
β-thalassemia major is one of the most common monogenic
hematologic disorders in the world that is inherited as autosomal recessive, which is associated with defects in the synthesis
of β-globin chains of hemoglobin molecule [1, 2]. More than
330,000 infants are born annually with hemoglobin disorders,
of which 17% are thalassemia major [3].
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Regular transfusion, iron chelation therapy, splenectomy,
and hematopoietic stem cell transplantation are the usual treatments in thalassemia patients [4–6].
Repeated blood transfusions in these patients lead to iron
overload, resulting in organ failure, most importantly fibrosis
and cirrhosis of the liver as well as heart failure [7, 8]. In addition,
serum ferritin level is also increased following repeated blood
transfusions [9]. Increasing iron levels can lead to increased susceptibility to different types of infections in these patients [10].
Also, iron has a role in the formation of reactive oxygen species
and immunologic abnormalities and subsequently, reduction of
immune surveillance. In fact, iron can affect the regulation of T
lymphocytes and their subtypes [11].
Another blood transfusion complication is the production
of alloantibodies against red blood cell antigens, also known
as “alloimmunization,” leading to categorization of patients
into two groups: responders (patients with alloantibodies)
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and non-responders (patients without alloantibodies).
According to previous studies, the prevalence of
alloimmunization among transfusion-dependent thalassemia
major patients has been evaluated, and the most common alloantibodies are anti-kell (50%), anti-D (15.8%), and anti-E
(10.5%) [12]. This situation can cause delayed hemolytic
transfusion reactions and also, cross match and finding compatible blood without those antigens for these patients are
difficult [13]. In fact, repeated blood transfusions in thalassemia major patients and antigenic differences between donor
and recipient can cause antigenic stimulation and therefore, it
can affect immune system and different subsets of T lymphocytes in these patients [14].
Regulatory T cells (Tregs) regulate homeostasis of the immune system by suppressing the immune reactions against
self-antigens as well as foreign antigens [15]. These groups
of CD4+ cells are characterized by co-expression of CD25 and
transcription factor FoxP3. FoxP3 is the master regulator of
Tregs [16]. Previous studies showed that Tregs have a key role
in magnitude and frequency of alloimmunization by suppressing the immune system [17].
GDF-15 (growth differentiation factor-15) is a member of
TGF-β family, which its expression is influenced by several
factors such as M-CSF, P53, TNF-α, IL-1β, and TGF-β [18].
The main function of GDF-15 is to suppress hepcidin, a liverderived peptide hormone contributing in the regulation of iron
overload, leading to higher accumulation of iron in the body
[19]. Also, some studies have indicated that GDF-15 has an
immunosuppressive role, which induces the expression of
FoxP3 in CD4+ CD25+ Tregs [20].
Accordingly, the status of immune system might be important in pathophysiology of thalassemia major patients, especially development of alloantibody, serum ferritin, and folate
levels. Therefore, in this study, we evaluated the frequency of
Tregs and FoxP3/GDF-15 gene expression in β-thalassemia
major patients with and without alloantibody and their correlation with different factors such as serum ferritin and folate
levels.

Material and methods
Patients selection
This study was performed as a case-control study using 34 βthalassemia major patients with alloantibodies (mean age
27.18 ± 7.25 years; range, 8–42 years), 34 β-thalassemia major without alloantibodies (mean age 27.44 ± 6.54 years;
range, 16–42 years), and 20 healthy age-matched persons as
the control group (mean age 26.16 ± 7.03 years; range, 8–
33 years) who were referred to Dastgheib hospital between
April and September 2018. In 34 patients with alloantibody,
just 7 patients were cold antibody and the rest of them were

warm. All patients were matched in age, sex, age of first blood
transfusion, and status of splenectomy. All patients had been
transfused from infancy every 2 to 4 weeks with leukoreduced
packed red blood cells, received chelation therapy with iron
chelators such as deferasirox and deferoxamine and consumed
folic acid with mean range of 1 mg/day. Patients who had
consumed deferiprone (L1), hydroxyurea, and immunosuppressive drugs, and those with viral infections such as HIV,
HBV and HCV, high blood pressure, and fever at the time of
blood transfusion were excluded from the study.
This study was performed at Diagnostic Laboratory
Sciences and Technology Research Center, School of
Paramedical Sciences. Informed consent was obtained from
all patients in the study. The local ethics committee of Shiraz
University of Medical Sciences approved this study.

Laboratory parameters
Two milliliters of fresh whole blood were collected in ethylenediaminetetraacetic acid (EDTA)-containing tube and 2 ml
in tube without anti-coagulant (clotted tube) before transfusion. Cell blood count (CBC) of all patients and controls
was performed by Sysmex-KX-21 N (Sysmex Corporation,
Japan) in order to determine the hematologic parameters. The
serum samples were isolated from clotted tube and stored at −
20 °C. Serum ferritin and folate levels were measured using
ELISA kits (Monobind Inc., USA).

Flow cytometry analysis of Tregs
For Tregs enumeration, fresh whole blood was stained for
surface markers directly with anti-CD4-FITC (Biolegend,
357,406) and anti-CD25-PE/Cy5 (Biolegend, 302,608)
and incubated for 20 min at room temperature in a dark
place. Then, cells were washed twice with staining buffer
containing phosphate buffer solution (PBS) with 5% FBS
by centrifugation at 500×g for 5 min. For intracellular
FoxP3 staining, cells were first fixated/permeabilized
using unique perm kit (Dako, Denmark), washed twice
with staining buffer, and then incubated with anti-FoxP3PE (BD Biosciences, 560,046) for 30 min at room temperature in a dark place. After the washing steps, cell pellet
was dissolved in 200–300 μl of staining buffer and analyzed by BD FACS Calibur™ using the CellQuest software
(BD Biosciences, San Jose, CA, USA).
In order to evaluate CD4+ CD25+ FoxP3+ cells, 100,000
cells were counted. Lymphocytes were gated by FSC vs. SSC
and then, CD4+ cells were selected in lymphocyte population.
Finally, the CD25+FoxP3+ cells were gated within CD4+ lymphocytes as regulatory T cells (Fig. 1). Data was analyzed by
the FlowJo software.
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Fig. 1 Gate of lymphocytes, CD4+ population, and CD4+CD25+FoxP3+ cells in control group (a) and patient group (b). Q2 = Treg cells

RNA isolation and cDNA synthesis
In order to evaluate the expression of FoxP3 and GDF-15
genes, total RNA was extracted from cells using RNX plus™
solution (Cinnagen, Tehran, Iran) according to manufacturer’s
instructions. The purity of extracted RNA was assessed by
nanodrop (260/280 nm ratio) and the required concentration
of RNA was calculated for the cDNA synthesis.
cDNA synthesis was performed using PrimeScript® 1st
strand cDNA synthesis kit (TaKaRa Bio, Siga, Japan) according to its protocol.

Real-time PCR
Real-time PCR was performed for all patients and controls,
using SYBR Green PCR Master Mix (SYBR Premix Ex
Taq™II, Tli RNaseH Plus, Yektatajhiz, Iran) in QIAGEN’s
real-time PCR thermal cycler (RotorGene, Germany). The
specific forward and reverse primers were designed using
AlleleID 7.0 and Gene Runner software (Table 1).
The reaction volume was adjusted to 25 μl, containing 1 μl
of each forward and reverse primers, 12 μl 2X SYBR Premix
Ex Taq II, and 1 μl (i.e.,100 ng) cDNA. The amplification
program included initial denaturation at 95 °C for 90 s followed by 40 cycles including denaturation at 95 °C for 5 s, annealing at 57 °C for 30 s, and elongation at 72 °C for 30 s. The

β-actin (ACT-β) was used as housekeeping gene and the expression of FoxP3 and GDF-15 genes was normalized to it.
The Ct value for FoxP3, GDF-15, and ACT-β genes was calculated and relative expression of targeted genes was calculated using 2−ΔΔCT method.
ΔCT = CT, Target−CT, Actin
ΔΔCT = ΔCT patient−ΔCT control
2−ΔΔCT = 2−(ΔCT patient−ΔCT control) = 2 ΔCT control−ΔCT patient

Statistical analysis
All statistical analysis was performed using GraphPad prism
version 7. In order to compare the percentage and absolute
count of Tregs, folate and ferritin concentration, and FoxP3
and GDF-15 gene expression between different groups of
patients and controls, t-test and one-way ANOVA test were
used. Pearson correlation test was performed in order to correlate between variables. P values less than 0.05 were considered to be statistically significant.

Results
Table 2 shows the demographic and laboratory characteristics
of patients and controls. From a total of 68 beta-thalassemia
major patients, 40 (58.8%) were female and 28 (41.1%) were
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Table 1

Sequences and characteristics of primers

Gene

Primer pair

Product length (bp)

ACT-β
FoxP3
GDF-15

Forward primer: ATCGTGCGTGACATTAAGGAG Reverse primer: GAAGGAAGGCTGGAAGAGTG
Forward primer: CGCACAGATTACTTCAGG Reverse primer: TTGAGGTTGTTTGAGTGTA
Forward primer: TCCAGACCTATGATGACTTGT Reverse primer: AACCTTGAGCCCATTCCA

177
123
127

male with mean age ± SD 27.41 ± 6.94 years (range 8–
42 years) and 20 healthy individuals of matched age and sex
as control group. In total, 50% of thalassemia patients were
alloimmunized (34/68).

Serum ferritin and folate levels
Concentration of ferritin was significantly increased in patients compared with the control group (mean ± SD 1839 ±
2453 vs. 44.8 ± 43.3; P < 0.0001), but it was not significant
between responders and non-responders (mean ± SD 1621 ±
2587 vs. 2056 ± 2329; P > 0.05). Also, the concentration of
folate was measured, but there was no difference between
patients and control group (mean ± SD 10.9 ± 7.9 vs. 11.1 ±
4.7; P > 0.05).
A negative and significant correlation was observed between ferritin concentration and age of first blood transfusion
(r = −0.266, P = 0.028).

Percentage and absolute count of Tregs
in responders/non-responders
and splenectomized/non-splenectomized patients
and control group
In order to determine the frequency of Tregs, we compared the
peripheral Tregs in all thalassemia major patients, responders
and non-responders. There was a significant increase in percentage and absolute count of Tregs in all thalassemia patients
compared with the control group (0.13 ± 0.15% and 9.4 ± 23.6
vs. 0.05 ± 0.03% and 1.18 ± 0.83; P = 0.0003), but they were
not significant between responders and non-responders
(P > 0.05).
Table 2

There was a negative significant correlation between the
frequency of blood transfusions, volume of transfusions, and
absolute count of Tregs in all thalassemia patients (r = −0.263,
P = 0.032; r = −0.335, P = 0.006). In non-responders, there
was a negative and significant correlation between frequency
of transfusions, volume of transfusions, and the percentage of
Treg cells (r = −0.402, P = 0.02; r = −0.444, P = 0.01). These
correlations were also observed when the absolute count of
Tregs was considered in non-responders (r = −0.396, P =
0.022; r = −0.46, P = 0.007).
In another categorization, patients were divided into two
groups: splenectomized and non-splenectomized. In both
groups, the percentage of Tregs was increased compared with
controls (P < 0.05), but this increase was more significant in
splenectomized compared with non-splenectomized patients
(P = 0.0001 vs. P = 0.0198). However, the difference in the
percentage of Tregs between splenectomized and nonsplenectomized was not significant (P > 0.05). We also evaluated the absolute count of Tregs in these two groups. It was
increased in both groups compared with the control group
(P < 0.05) and the difference between splenectomized and
non-splenectomized patients was significant (P = 0.0034).
Also, a positive significant correlation was observed between absolute count of Tregs and ferritin concentration in
all thalassemia patients (r = 0.252, P = 0.04).

FoxP3 and GDF-15 gene expression
The expression of FoxP3 and GDF-15 genes was evaluated in
patients. Comparison of FoxP3 gene expression between thalassemia patients and control group showed a significant difference. FoxP3 expression was generally increased (6.6 fold)

Demographic and laboratory characteristics of patients and controls

Groups

Responders (n = 34)

Non-responders (n = 34)

Total (n = 68)

Controls (n = 20)

Age (mean ± SD)
Sex (male/female)
Laboratory characteristics
Age of first transfusion (month)
Number of blood transfusions (year)
Volume of blood requirement (year)
Age of diagnosis (month)

27.18 ± 7.25
14/20

27.44 ± 6.54
14/20

27.41 ± 6.94
28/40

12.53 ± 7.3
22.62 ± 5.7
275 ± 72.04
8.14 ± 4.6

9.79 ± 4.7
20.53 ± 3.5
246.3 ± 44.03
6.7 ± 2.2

11.16 ± 6.2
21.57 ± 4.8
260.6 ± 60.9
7.42 ± 3.6

26.16 ± 7.03
9/11
P value
0.1424
0.1191
0.0520
0.1075

P values are comparison between responders and non-responders. P value < 0.05 is significant
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in patients compared with the control group (P = 0.0008). This
increase was also observed in analysis of GDF-15 gene expression (8.4 fold) in thalassemia patients (P = 0.003), but
there was no difference between responders and nonresponders (P > 0.05) (Fig. 2). There was a positive significant
correlation between FoxP3 and GDF-15 gene expression (r =
0.785, P = 0.000); however, no correlation was observed between FoxP3/GDF-15 gene expression and ferritin and folate
concentration.

Discussion
Beta-thalassemia major is a common hematologic disorder,
and its most common complications are iron overload,
alloimmunization, and viral infections due to repeated blood
transfusions [21]. There are many factors that affect
alloimmunization, which is caused by blood transfusions.
The most important factors are RBC antigen mismatch between donor and recipient, the recipient’s immune status and
immunomodulatory effects of allogeneic blood transfusion
[22]. Therefore, immune system could be considered a key
player in the clinical features associated with thalassemia
disease.
Regulatory T cells are one of the subsets of T lymphocytes
that have an important role in homeostasis, known as suppressors of immune system [15]. FoxP3 is a transcription factor
and the major marker of Tregs, which its expression is regulated by different epigenetic factors. Study of these factors can
be helpful in regulating the function of Tregs [23].
In this study, we evaluated the percentage and absolute
count of Tregs, expression of FoxP3 and GDF-15 genes in
beta-thalassemia major patients, and their correlation with different factors such as serum ferritin and folate levels.
In our study, the percentage and absolute count of Treg
cells and expression of FoxP3 gene were increased in all thalassemia patients compared with the control group, but there
was no difference between responders and non-responders.
This general increase can cause immunomodulation in patients with repeated blood transfusion. In another classification, a significant increase was observed in the percentage and
absolute count of Tregs in splenectomized and nonsplenectomized patients compared with controls. It was more
significant in splenectomized compared with nonsplenectomized patients. This increase in splenectomized patients can be due to the elevated levels of TGF-β in these
patients compared with non-splenectomized, because it is important for activation and differentiation of Tregs [24]. In a
study, Bozdogan et al. have also showed that the percentage of
Tregs and FoxP3 gene expression is increased in thalassemia
major patients compared with the control group [25].
Also, several studies investigated the cellular immune system in thalassemia major patients. Various subtypes of T

lymphocytes were evaluated in different hemoglobinopathies,
especially thalassemia major and sickle cell disease. These
studies were done in both human and mouse models.
A study was performed by Mahmoud SS et al. in thalassemia major patients. They classified patients into three groups:
group 1 was treated only with blood transfusion; group 2 with
blood transfusion and iron chelation; and group 3 with blood
transfusion, iron chelation, and splenectomy. They reported
that the percentages of CD4+ and CD8+ cells are higher in
group 1 and group 3 compared with controls and group 2,
while they are lower in group 2 compared with other groups
[26]. According to previous studies, it seems that iron overload and high concentration of ferritin due to repeated blood
transfusions can produce oxygen-free radicals and cause oxidative injury. This situation causes accelerated aging of immune system. As a result, a gradual decline in responsiveness
to antigens and abnormal T cells function is observed [27].
Rosse et al. reported that the rate of alloimmunization is
increased with increasing the total number of transfusions and
exposure to different antigens in sickle cell disease [28]. This
is in line with our study, where a negative significant correlation was observed between the percentage/absolute count of
Tregs and number/volume of transfusions in patients, especially in non-responders. Therefore, the higher volume or
number of transfusions in thalassemia major patients causes
decrease in the percentage or absolute count of Tregs, and it
can predispose patients to alloimmunization and formation of
alloantibodies.
As expected, serum ferritin concentration was increased in
our patients compared with the control group, which was the
same as the previous studies [29].
Several studies were performed in order to see if there is
any relation between the frequency of Tregs in different diseases and ferritin concentration. Gray et al. reported that heavy
chain of ferritin (H-ferritin), which is produced by melanoma
cells or other cancer cells can induce changes in APCs (antigen-presenting cells), leading to suppression of immune responses by inducing regulatory T cells [30]. We found that
there is a positive significant correlation between absolute
count of Tregs and ferritin concentration in thalassemia major
patients. Hence, as ferritin increases, it can suppress the immune system by inducing Tregs in these patients. Epigenetic
is thought to be a very important factor in regulating the expression of FoxP3 gene, the key regulator of Tregs [23]. Some
studies have indicated that ferritin can affect the expression of
genes [31]. In fact, iron overload and high levels of ferritin
have different effects on various biologic factors. We investigated the effects of ferritin on gene expression in our study,
but no correlation was observed between high levels of serum
ferritin and expression of FoxP3.
GDF-15 is another gene, which was recently investigated in thalassemia major patients due to iron overload and
its effects [32]. Recently, GDF-15 has been investigated as
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Fig. 2 Comparison of FoxP3 and
GDF-15 gene expression between
thalassemia patients and control
group. Y axis represents the fold
change of each gene in different
groups
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a prognostic marker in cancers, cardiovascular, pulmonary,
and renal diseases, and also in type 2 diabetes. Also, oxidative stress, proinflammatory cytokines, and ischemia are
promoting factors for secretion of GDF-15 [33–35]. In our
study, the expression of GDF-15 was increased in thalassemia major patients compared with the control group,
which is in accordance with the study performed by
Tanno et al. [19]. Also, similar to FoxP3, there was no
significant correlation between serum ferritin levels and
expression of GDF-15 gene. Porter et al. evaluated erythropoietic and iron metabolism biomarkers in nontransfusion-dependent thalassemia patients and they did
not find relationship between hemoglobin and GDF-15 of
the patients. In patients with HbH syndrome, they found
positive correlation between LIC and GDF-15, but they
emphasized that these patients had not received prior chelation therapy [36]. In our study, no significant correlation
was observed between LIC and hemoglobin of patients
with GDF-15. Regular management of patients with transfusion and iron chelation therapy can be the reasons of
these results.
Several studies have indicated that GDF-15 has an immunosuppressive role in different diseases, especially in tumors.
Roth et al. reported that in malignant gliomas, GDF-15 is
expressed by glioma cells, which promotes the proliferation
of these malignant cells by suppressing the immune system
[37]. Also, Zhou et al. indicated that in tumors, GDF-15 suppresses the function of dendritic cells (DC), which subsequently inhibits tumor-specific immune responses [38]. In another experiment conducted by Zhang et al., in patients undergoing heart transplantation, overexpression of GDF-15 in
DCs increases immune suppressive/inhibitory molecules, enhances DCs to induce T cell exhaustion, and promotes Tregs
through IDO signaling. Administration of GDF-15 treated
DCs prevented allograft rejection and induced immune tolerance in transplantation. These findings confirm the immunosuppressive effect of GDF-15 [39]. According to these studies,
we evaluated the expression of GDF-15 gene in thalassemia
major patients and a positive significant correlation was observed between GDF-15 and FoxP3 gene expression.
Therefore, this correlation can have an immunosuppressive
effect in thalassemia major patients.
Thalassemia major patients receive folic acid at different
doses to compensate for the folate deficiency resulted from
ineffective erythropoiesis [40]. In this study, all patients had
received folic acid with mean range of 1 mg/day. Some studies
revealed that diet can influence the immune system. Folic acid
is essential for nucleic acid and protein synthesis and different
levels of folic acid can change the immune responses [41].
Kinishita et al. reported that dietary folic acid is required in
order to maintain the regulatory T cells in the colon [42]. In
this study, we measured folate levels in thalassemia major
patients and no difference was observed between these

patients and controls, and there was no correlation between
folate levels and Tregs count as well as FoxP3 gene expression. It seems that folic acid consumption might be helpful in
maintaining Tregs in thalassemia major patients, since Tregs
express high levels of FR4 (folate receptor 4).

Conclusion
This study shows high activity of immune system in betathalassemia major patient due to antigenic stimulations. This
situation is due to repeated blood transfusions and antigenic
stimulation in these patients. The current study has some limitations such as small sample size in subgroups of patients. It
seems that more studies with greater population size are required in order to study the immune status in thalassemia
major patients as well as the effects of different factors such
as epigenetics, vitamins and antioxidants, and genetic mutations of the enrolled patients and their correlation with phenotypic characters. This can increase our knowledge of their
immune system behavior with the aim to improve their quality
of life and to prolong their survival rates.
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