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Could the Crosstalk Between Myeloid-Derived-Suppressor
Cells and Regulatory T Cells Have a Role
in Beta-Thalassemia?
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Abstract

Background: Secondary iron overload, alloimmunization, and in-
creased risk of infection are common complications in patients
with transfusion-dependent thalassemia (TDT). Regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs) play an es-
sential role in preventing excessive immune response. This research
aimed to study the interaction between Tregs and MDSCs in TDT
patients and to evaluate the association of these cell types with dis-
ease severity.

Methods: This case-control study included 26 patients with TDT
and 23 healthy, age- and sex-matched controls. All patients were in-
vestigated for complete blood count (CBC), serum ferritin, and flow
cytometric analysis of peripheral blood to detect Tregs, MDSCs, and
MDSC subsets.

Results: A significant increase was observed in the frequencies of
Tregs and MDSCs, particularly monocytic MDSCs (MO-MDSCs), in
TDT patients compared with controls. The frequencies of these cells
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showed a direct association with ferritin level and total leukocyte
count and an inverse association with hemoglobin level. Furthermore,
a positive correlation was observed between Tregs and each of the
total MDSCs and MO-MDSCs.

Conclusions: Levels of Tregs and MDSCs increased in TDT and may
probably have a role in suppressing the active immune systems of
TDT patients.
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B-thalassemia; Children

Introduction

Thalassemia is a genetic disorder in which there is a defect in
hemoglobin production. Thalassemia major (TM) patients suf-
fer from severe anemia and require regular blood transfusion
[1,2]. TM is a common health problem in Mediterranean coun-
tries, especially in Egypt. The most common complications of
TM are iron overload, heart failure, recurrent infections, and
alloimmunization from repeated blood transfusion [3].

Regulatory T cells (Tregs) are CD4"CD25%high cells that
express the transcription factor forkhead box protein 3 (Foxp3)
and form up to 5-10% of CD4* T cells [4]. The primary func-
tion of Tregs is to induce and maintain peripheral tolerance,
which plays a vital role in preventing excessive immune re-
sponse and autoimmunity [5]. The increase in antigenic stimu-
lation that occurs due to repeated blood transfusions may alter
the levels of Tregs and Foxp3 in B-thalassemia [6]. Previous
studies have shown that Tregs play a crucial role in modulat-
ing the magnitude and frequency of alloimmunization by sup-
pressing the immune system [7].

Myeloid-derived suppressor cells (MDSCs) are innate im-
mune cells that represent a heterogeneous group of immature
myeloid cells at a specific differentiation stage that exhibit im-
munosuppressive effects. Normally, MDSCs are present in low
numbers and increase in certain disease conditions, psychologi-
cal stress, or natural aging [8, 9]. They include monocytic-my-
eloid-derived suppressor cells (MO-MDSCs), which are human
leukocyte antigen - DR isotype (HLA-DR)-, CD11b", CD33",
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and CD14", and polymorphonuclear-myeloid-derived sup-
pressor cells (PMN-MDSCs), which are HLA-DR-, CD11b",
CD33*, and CD15" [7]. The main function of MDSCs is to sup-
press immune cells, mainly T cells, and to a lesser extent B cells
and natural killer (NK) cells [10].

Previous studies have shown that chronic inflammatory
conditions (such as those observed in thalassemia), persistent
tissue damage (as in cancer), autoimmunity, and chronic in-
fection increase the release of damage-associated molecular
patterns (DAMPs), pathogen-associated molecular patterns
(PAMPs), and various cytokines that in turn increase the re-
lease of myeloid cells from the bone marrow (BM) and induce
the immunosuppressive effects of MDSCs [11]. The possible
role of MDSCs in immune dysregulation in hematologic ma-
lignancies, BM failure syndromes, and autoimmune disorders,
and their potential as therapeutic targets, has encouraged their
study in other hematological diseases [12].

Interaction between Tregs and MDSCs has been stud-
ied in various conditions such as tumors, allergic disorders,
diabetes, and autoimmune diseases. Previous studies have
shown that MDSCs could control de novo development and
induction of Tregs [13]. The overlap of Treg and MDSC tar-
get cells indicates the significance and resilience of immune
suppression under pathological conditions [14, 15]. This
research aimed to study the interaction between Tregs and
MDSCs in transfusion-dependent thalassemia (TDT) patients
and to evaluate the association of these cell types with dis-
ease severity.

Materials and Methods

This case-control study was conducted on TDT patients at the
Pediatric Hematology Unit at Assiut University Children’s
Hospital, Assiut, Egypt. The study was conducted as per the
Declaration of Helsinki, and the Faculty of Medicine Ethics
Committee reviewed and approved the study (ethical approval
No. 17300557). Written informed consent was obtained from
the guardians of the participants.

The study included 26 patients with TDT and 23 healthy,
age- and sex-matched children as controls. Patients received
regular blood transfusions and chelation therapy. Patients with
known cardiac, renal, infectious, inflammatory, or pulmonary
diseases, diabetes, or newly diagnosed and non-TDT were ex-
cluded from the study. Any patient with a recent history of in-
fection or immunosuppressive therapy (e.g., steroids) during 1
month prior to enrollment was also excluded.

All patients underwent history and physical examina-
tion, in addition to complete blood count (CBC), serum fer-
ritin, and flow cytometric analysis of peripheral blood to
detect Tregs (CD4*CD25™ighFoxp3*), MO-MDSCs (HLA-DR"
CD11b"CD33CD14"), and PMN-MDSCs (HLA-DR-CD11b*
CD33*CD15%).

Flow cytometric detection of Tregs

Tregs were enumerated using fluorescein isothiocyanate
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(FITC)-conjugated Foxp3 (IQ Product, the Netherlands), phy-
coerythrin (PE)-conjugated CD25 (Bioscience, CA), and peri-
dinium-chlorophyll-protein (Per-CP)-conjugated CD4 (Becton
Dickinson (BD) Bioscience, San Jose, CA). CD4 and CD25
(5 uL) were incubated with 50 uL of the blood sample for 15
min at 4 °C in the dark. Following incubation, red blood cells
were lysed and washed with phosphate-buffered saline (PBS).
The fixing solution was added, and the sample was incubated
for 10 min. Cells were then washed with PBS and the permea-
bilizing solution, and 5 pL of Foxp3 were added; the sample
was then incubated for 20 min at 4 °C. After one wash, the
cells were resuspended in PBS and analyzed by FACSCalibur
flow cytometry with CellQuest software (BD Biosciences, San
Jose, CA). An isotype-matched negative control was used for
each sample. Lymphocytes were detected according to their
forward and side scatters. Then, CD4" cells were gated. To-
tal CD47CD25", CD4*CD25"1o%, CD4*CD25"™igh T cells, and
CD4"CD25highFoxp3* Tregs were evaluated as percentages of
the total CD4" cells, as shown in Figure 1.

Flow cytometric detection of MDSCs

MDSCs were detected by using FITC-conjugated CDI1b,
PE-conjugated CD33, Per-CP-conjugated CD15, Per-CP-con-
jugated CD14, and allophycocyanin (APC)-conjugated HLA-
DR (BD Biosciences). A blood sample (50 pL) was incubated
with 5 pL each of CD33, CD11b, HLA-DR, and CD14 in one
tube, and CD33, CD11b, HLA-DR, and CD15 in another tube
for 20 minutes at 4 °C in the dark. Following incubation, red
blood cell lysis and washing with PBS were performed. Then
cells were suspended in PBS and analyzed using Cell Quest
software on a FACSCalibur flow cytometer, as presented in
Figure 2. An isotype-matched negative control was used for
each sample. HLA-DR-negative cells were selected from the
HLA-DR and side scatter histogram. The HLA-DR-negative
cells were assessed for their expression of CD33 and CD11b to
detect MDSCs (HLA-DR-CD33*CD11b"). Then, the MDSCs
were assessed for their expression of CD15 and CD14 to de-
tect PMN-MDSCs (HLA-DR-CD33"CD11b"CD15%) and MO-
MDSCs (HLA-DR-CD33*CD11b"CD14%).

Statistical analysis

Data analysis was performed using the Statistical Package for
Social Sciences (SPSS 22.0, IBM). Data were expressed as
mean * standard deviation (SD) or standard error (SE). The
differences between groups were evaluated for statistical sig-
nificance using the independent #-test. The correlation coef-
ficient was generated by Pearson’s correlation. Statistical sig-
nificance was defined as P < 0.05.

Results

This study was conducted on 26 TDT patients with a mean
age of 8.7+5 years, and 54% were male. In the healthy control
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Figure 1. Representative plots showing flow cytometric detection of regulatory T cells in transfusion-dependent thalassemia
(TDT) patients. (a) The lymphocyte population was defined on a forward scatter (FSC) and side scatter (SSC) histogram (R1).
(b) The expression of CD4 on the lymphocytes population was detected, then CD4* cells were gated (R2) for further analysis
of CD25. (c) Three gates were drawn to define CD4*CD25" cells (R3), CD4*CD25*°% cells (R4), and CD4*CD25%ish cells (R5).
(d) The percentage of CD4*CD25*a"Foxp3* cells (regulatory T cells) was then assessed. Foxp3: forkhead box protein 3; FITC:
fluorescein isothiocyanate; PE: phycoerythrin; Per-CP: peridinium-chlorophyll-protein.

group, the mean age was 8.2 + 6.3 years, and 52% of the par-
ticipants were male. Demographic data and laboratory investi-
gations of all patients are presented in Table 1. Results showed
a significant increase in total leukocyte count (TLC) and fer-
ritin than the healthy controls. However, there was a decrease
in hemoglobin and platelet count.

Levels of Tregs and MDSCs in patients and healthy controls

A comparison of the levels of Tregs and total MDSCs between
TDT patients and controls is shown in Table 1. Patients with
TDT had higher percentages of both CD4*CD25beh T cells and
CD47CD25MehFoxP3* Tregs compared to controls. Moreover,
total MDSCs, particularly the monocytic type (MO-MDSCs),
were significantly higher in TDT.

Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™

The correlations between frequencies of Treg cells, MD-
SCs, and laboratory parameters

As illustrated in Figure 3, CD4"CD25"¢"FoxP3" Tregs were
directly related to serum ferritin level (r = 0.5, P <0.0001) and
TLC (r=10.6, P <0.0001), and inversely related to hemoglobin
level (r = -0.6, P < 0.0001). Similarly, total MDSCs showed
a positive correlation with serum ferritin level (r = 0.7, P <
0.0001) and TLC (r = 0.5, P<0.0001), and a negative correla-
tion with platelet count (r = -0.4, P = 0.001) and hemoglobin
level (r = -0.6, P < 0.0001) (Fig. 4). MO-MDSCs were posi-
tively associated with serum ferritin level (r = 0.7, P <0.0001)
and TLC (r = 0.4, P = 0.001), and inversely associated with
hemoglobin level (r = -0.4, P = 0.005) (Fig. 5). Additionally,
Tregs were positively correlated with total MDSCs (r = 0.3, P
=0.01) and MO-MDSCs (r = 0.3, P =0.02) (Fig. 6).
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Figure 2. Representative plots showing flow cytometric detection of myeloid-derived suppressor cells (MDSCs) in transfusion-
dependent thalassemia (TDT) patients. (a) HLA-DR negative cells (R1) were selected from HLA-DR and side scatter histogram.
(b) HLA-DR negative cells were assessed for their expression of CD33 and CD11b to detect total MDSCs (R2) (HLA-DR-
CD33*CD11b*). (c, d) Total MDSCs were assessed for their expression of CD15 and CD14 to detect polymorphonuclear MDSCs
(PMN-MDSCs) (HLA-DR-CD33*CD11b*CD15*) and monocytic MDSCs (MO-MDSCs) (HLA-DR-CD33*CD11b*CD14*). HLA-DR:
human leukocyte antigen - DR isotype; Foxp3: forkhead box protein 3; FITC: fluorescein isothiocyanate; PE: phycoerythrin; Per-

CP: peridinium-chlorophyll-protein; SSC: side scatter.
Discussion

B-thalassemia is one of the most common hereditary blood
disorders. Regular transfusions, which remain the gold stand-
ard of therapy for B-thalassemia, are effective in managing
symptoms. Although secondary iron overload is the main
consequence of transfusion in TDT patients [16], alloim-
munization and increased risk of infection represent other
common complications. The pathogenesis of the discase is
not fully understood [2]. Alloimmunization was found to de-
pend on many factors, such as red blood cell (RBC) antigen
discrepancy between donor and recipient, the immune status
of the recipient, and the immunomodulatory effects of allo-
geneic blood transfusion [17]. The immune system is, there-
fore, a key determiner in the clinical features accompanying
thalassemia.

In this study, we measured the frequency of Tregs and
MDSCs in TDT patients and evaluated their association with
disease severity. Our results showed increased frequencies of
Tregs and total MDSCS, particularly the MO-MDSCs, in TDT
patients as compared with controls. Tregs are a component of
the immune system that suppresses the immune response of
other cells. Earlier studies reported higher Treg levels in TM
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patients compared with normal subjects [6, 17, 18]. Bozdogan
et al [6] suggested that high levels of Tregs in TDT patients
might be due to chronic antigenic stimulation from frequent
blood transfusions that trigger Tregs to prevent alloimmuniza-
tion. In line with our results, a significant positive correlation
was observed between the Treg levels and ferritin concentra-
tion in thalassemia patients. Consequently, as ferritin levels
increase, they can suppress the immune system by inducing
Tregs in these patients [17].

MDSCs are functionally comparable to Tregs. Several
studies have described a significant elevation in total MDSCs
and MO-MDSC:s in chronic inflammatory diseases and tumors
[19, 20], representing an induced, core, anti-inflammatory
mechanism to inhibit excessive immune cell activity. MDSCs
negatively regulate immune function by suppressing the activ-
ity of T cells, NK cells, and B cells [21]; therefore, elevated
MDSC levels in TDT patients could be implicated in these pa-
tients’ increased susceptibility to infection.

Little is known about MDSCs in TDT. Siriworadetkun et
al [21] reported an increased level of MO-MDSCs in TDT pa-
tients, especially those who had undergone splenectomy, com-
pared with healthy controls. Chronic inflammation may trigger
the generation of MDSCs in the BM, causing MDSC expan-
sion and accumulation in the circulation of TDT patients. In
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Table 1. Demographic Data and the Laboratory Investigations of All Patients

Parameter Patients (n = 26) Control (n = 23) P value
Age (year) (mean + SD) 8.7+5 82+6.3 0.126
Sex
Males, n (%) 14 (54%) 13 (50%) 0.3
Females, n (%) 12 (46%) 13 (50%)
Total leukocyte count (x 10%/L) 14.6 £3.0 9.0+£3.3 0.0001*
Platelet count (x 10°/uL) 221.7+45 310 + 102 0.001*
Hemoglobin (g/dL) 7.8+1.0 13.7+1.0 <0.001*
Ferritin (ng/mL) 883.8 £229 81.0 £25.1 0.001*
CDA4" T cells (%) 447+ 1 4395+ 1 0.7
CD4*CD25" T cells (%) 12.6 0.3 11.6+0.3 0.02*
CD4CD25"% T cells (%) 8+04 8.8+0.3 0.2
CD47CD25Meh T cells (%) 4.7+0.6 29+04 0.03*
CD4"CD25MehFoxP3* Tregs (%) 24+0.2 1.3+0.1 <0.0001%*
Total MDSCs (%) 3.6+03 1.3+0.1 <0.0001%*
PMN-MDSCs (%) 86.2+2 88.9+04 0.3
MO-MDSCs (%) 13.7+1 10.3+£0.5 0.009*

*P < 0.05. SD: standard deviation; Tregs: regulatory T cells; MDSCs: myeloid-derived suppressor cells; PMN-MDSCs: polymorphonuclear-myeloid-

derived suppressor cells; MO-MDSCs: monocytic-myeloid-derived suppressor cells; Foxp3: forkhead box protein 3.
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Figure 3. Correlations of CD4*CD25MshFoxP3* Tregs with serum ferritin level (a), total leukocyte count (TLC) (b), and hemo-
globin (HB) level (c). Foxp3: forkhead box protein 3; Tregs: regulatory T cells.
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Figure 4. Correlations of total myeloid-derived suppressor cells (MDSCs) with serum ferritin level (a), total leukocyte count (TLC)

(b), platelet (PLT) count (c), and hemoglobin (HB) level (d).

agreement with other studies, our TDT patients had high lev-
els of inflammatory cells, indicated by a high TLC [22, 23].
Additionally, the direct relationship observed between TLC
and both total MDSCs and MO-MDSCs may support the hy-
pothesis that chronic inflammation triggers the BM to generate
these cells.

The relationship between Tregs and MDSCs has been
widely studied. Previous research suggests that MDSCs re-
lease interleukin (IL)-10 and transforming growth factor f
(TGF-B), which are critical for the induction of Tregs [24-26].
Furthermore, Tregs can enhance MDSC function and control
their differentiation through a mechanism involving TGF-f
[27]. An earlier study of the relationship between MDSCs and
Tregs in transient hypogammaglobulinemia suggested that its
pathogenesis is based on the interplay between the MDSCs and
Tregs [28]. However, until recently, the association of MDSCs
and Tregs had not been examined in TDT.

Our findings demonstrated that levels of both Tregs and
MDSCs (particularly the MO-MDSCs) were significantly
higher in the TDT group than in healthy controls. Increased
levels of these cells also showed a direct association with fer-
ritin level and TLC, and an inverse association with hemo-
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globin level. Furthermore, a positive correlation was seen be-
tween total Treg levels and both total MDSC and MO-MDSC
levels.

Limitations of the study

The study has some limitations. Comparing the levels of
Tregs and MDSCs in patients with newly diagnosed and
non-transfusion dependent TDT patients with those receiving
blood transfusion would have confirmed that the correlations
observed between these cells and other clinical and laboratory
parameters reflect the relations of these cells with disease se-
verity, but not with the severity of repeated blood transfusion
complications.

Conclusions

Levels of Tregs and MDSCs increased in TDT and may prob-
ably have a role in suppressing the active immune systems of
TDT patients.
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