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Introduction: Red blood cell alloimmunization is a challenging issue in thalassemia patients. Several studies have
investigated the role of different immune system compartment in alloimmunization, but the exact mechanism
remains unclear. Considering the immunoregulatory function of iNKT cells and their subsets, in this study, we
evaluated the possible role of these cells in alloimmunization status of thalassemia patients.
Methods: 78 β-thalassemia major patients (41 alloimmunized and 37 non-alloimmunized) and 17 healthy controls
were engaged in this study. Mononuclear cells were isolated from peripheral blood samples and stimulated for
cytokine production. Samples were subjected to flow cytometry for enumeration of iNKT cells and characterized
based on their cytokine production pattern. Finally, the results correlated with alloimmunization status, clinical
and laboratory data.
Results: Results demonstrated that the number of iNKT, iNKT+IFN-ɤ+, and iNKT+IL-4+ cells in thalassemia group
was significantly higher than healthy controls while no significant change was observed in the number of these
cells between alloimmunized and non-alloimmunized thalassemia patients. Interestingly, the ratio of iNKT+IL4+: iNKT+IFN-γ+ cells in alloimmunized thalassemia group represent a considerable increase in comparison to
both non-alloimmunized thalassemia group and healthy controls. However, evaluating this value in nonalloimmunized group represents an approximately equal ratio of 0.94, which was almost similar to this ratio
in the control group (0.99).
Conclusion.
Our results illustrated a noteworthy imbalance in the ratio of iNKT cell subsets in favour of IL-4 producing iNKT
cells in alloimmunized thalassemia patients. Regarding the role of IL-4 in stimulating the Th2-related immune
responses, this imbalance could consider as a possible mechanism in alloantibody responses of thalassemia
patients.

1. Introduction
β-thalassemias are a deleterious group of congenital blood disorders
caused by defect in β-globin chain synthesis. Based on β-globin gene
mutations, several phenotypes with a broad spectrum of clinical mani
festation ranging from none to severe anemia emerge. So far, genetic
studies have revealed >350 mutations which can abrogate β-globin
chain synthesis [1]. Blood transfusion is the first-line treatment for se
vere forms of thalassemia which is usually associated with several
complications, including iron overload, transfusion-related immuno
modulation, recurrent infection, and alloimmunization [2,3].

The incidence rate of reported alloimmunization in the European and
Middle Eastern population is 5–45% with anti-K and anti-Rh antigens as
the most common reported alloantibodies [4]. In alloimmunization
process, exposure to foreign red blood cell (RBC) antigens stimulates the
immune system to produce alloantibodies. Subsequently, it can lead to
delayed hemolytic transfusion reaction (DHTR), a life-threatening
response, which makes it challenging to find a compatible blood for
the next transfusions [5,6].
A plethora of studies has disclosed that not all the patients who have
exposed to incompatible blood antigen produce alloantibodies.
Accordingly, patients could be divided into responders and non-
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responders [7,8]. Several studies have investigated the role of different
immune system compartment in this contribution, but the exact mech
anism remains unclear. Additionally, understanding the cellular and
molecular mechanisms behind this process would have enormous clin
ical impacts, particularly in patients who need lifelong regular blood
transfusion.
Invariant natural killer T cells (iNKT cells) are a unique subpopula
tion of lymphocytes expressing both NK- and T-cell CD (Cluster of Dif
ferentiation) markers enabling them to bridge innate and adaptive
immune systems [9]. iNKT cells recognize lipid-based antigens by
employing semi-invariant T-cell receptor (TCR Vα24-Jα18, Vβ11) in the
context of CD1d molecules which is an MHC class I-like molecule
expressed on the antigen-presenting cells and other nucleated cell types
[10,11]. Recognition of the antigens by iNKT cells in the context of CD1d
molecule on autologous B-lymphocytes induces the proliferation and
immunoglobulin production in B-cells [12].
Although, iNKT cells are a minor subset of lymphocytes, their
distinctive features and their ability in secretion of large amounts of proinflammatory cytokines such as IFN-γ and anti-inflammatory cytokines
like IL-4 following activation, valued them as a pivotal regulator of the
immune system [13].
Remarkably, an increasing number of studies have shown that IFN-γ
producing iNKT cells could skew the immune system toward Th1mediated responses [14], while IL-4 producing iNKT cells stimulate
Th2-related immune reactions [15,16]. Besides, converging lines of
evidence point to the importance of Th1/Th2 switched immune
response in the responsiveness to alloantigens. However, the exact
mechanism for triggering this alteration is not well understood.
Regarding the biology of iNKT cells and their ability in polarizing the
immune response toward Th1 or Th2, we hypothesized that the immu
noregulatory function of iNKT cells and their cytokine release pattern
could be a possible mechanism for controlling the patient’s respon
siveness to alloantigens.
In this study, to address the potential role of iNKT cells in alloim
munization and the other clinical course of thalassemia patients, we
enumerated circulating iNKT cells and characterized them based on
their cytokine production pattern. Finally, the results were correlated
with clinical data and alloimmunization status in studied patients.

parameters, complete blood count analysis was performed within 2 h of
blood sampling using automatic analyzer Sysmex KX-21N (Sysmex 
Corporation, Kobe, Japan).

2. Patients and methods

Monoclonal antibodies (mAbs) including anti-TCR Vα24-Jα18-FITC
(6B11 clone), anti-IFN-γ-PE (4S. B3 clone), and anti- IL-4-PerCP/Cy5.5
(MP4-25D2 clone) all from Biolegend, San Diego, CA, USA, were used
to identify iNKT cells and their cytokine production pattern. Primarily,
cells were subjected to surface staining by adding anti-TCR Vα24-Jα18FITC and incubating for 20 min at 4 ◦ C. Next, the cells were fixed for 15
min at 4 ◦ C using fixative reagent and washed twice with PBS. Following
fixation, cells were permeabilized and incubated with specific mAbs for
intracellular cytokines of interest for 30 min at 4 ◦ C, washed twice with
PBS, and finally resuspended in 500 µl PBS. At least 50,000 events were
acquired and analyzed by flow cytometry BD FACS CaliburTM (Bec
ton–Dickinson Biosciences, San Jose, CA, USA). The data were analyzed
using FlowJo V10 software (Tree Star Inc., USA).
Unstained controls were used for setting up the FSC and SSC chan
nels, distinguishing the debris and dead cells from lymphocyte popula
tion as well as determining the level of background fluorescent and
autofluorescence in samples. Also, we used the fluorescent minus one
(FMO) controls to avoid fluorophore spread into adjacent channels
(Fig. 2).
For identifying iNKT cells, an acquisition gate was set upon
lymphocyte population according to FSC (forward scatter) and SSC (side
scatter) properties. iNKT cells were defined gating on a dot plot of TCR
Vα24-Jα18 FITC and SSC. The cytokine-producing iNKT cells were
characterized based on the cell distribution in FL2 and FL3 dot plot di
agram (Fig. 3). The results were expressed as percentage and the abso
lute number of iNKT cells and their subpopulations based on the pattern
of intracellular IL‑4 or IFN‑γ expression.

2.3. Detection and identification of red cell alloantibodies
The latest alloimmunization status in thalassemia patients assessed
using standardized blood bank procedures. Initially, the patients’ serum
samples were screened for alloantibodies by mixing them with standard
antibody screening three-panel RBC in an appropriate ratio. Subse
quently, the mixtures were evaluated for RBC agglutination after an
immediate spin, incubation in the presence of albumin, and coombs
step. To identify the alloantibodies in serum samples with positive
screen we used commercial eleven-panel cells and the same procedure as
the screening. Accordingly, the patients were categorized into alloim
munized and non-alloimmunized groups.
2.4. PBMC isolation and activation
Mononuclear cells were isolated from peripheral blood samples by
Ficoll-Hypaque and density gradient centrifugation. Isolated cells were
then resuspended in RPMI-1640 supplemented with 10% FBS, 100 IU/L
penicillin and 100 μg/mL streptomycin. Cytokine production was
induced by incubating mononuclear cells (1 × 106/ml RPMI-1640) with
50 ng/ml Phorbol 12-Myristate 13-Acetate (PMA) (Sigma-Aldrich) and
1 µM ionomycin calcium salt (Sigma-Aldrich) in the presence of protein
transport inhibitor cocktail including brefeldin A (BD GolgiPlug™) and
monensin (BD GolgiStop™) for 4–6 h at 37 ◦ C. Following stimulation,
cells were resuspended in phosphate buffer saline (PBS), and intracel
lular cytokine staining was performed based on IntraStain kit (Agilent,
Dako) instruction. To verify the stimulation procedure, cytokine pro
duction in each sample was evaluated in comparison with its related
non-stimulated control.
2.5. Flow cytometry analysis

2.1. Patients
In this study, we recruited 78 β-thalassemia major patients referred
to thalassemia and hemoglobinopathy department of Dastgheib hospital
(Shiraz University of Medical Sciences). All participants were requested
to complete the questionnaire based on the study criteria before sample
collection. Informed consent from patients, and ethics committee
approval (IR.SUMS.REC.1397.55) was acquired prior to commencing
the study.
All the patients involving in the study received a regular blood
transfusion every 2–4 weeks and deferoxamine as an iron chelator.
Clinical and medication histories of patients were obtained from their
medical records.
2.1.1. Exclusion criteria
Patients who received hydroxyurea, deferiprone and immune sup
pressor agents, were excluded. Additionally, HIV, HBV, and HCV posi
tive patients and patients with the history of post-transfusion reactions,
and high fever during transfusion were also factored out.
2.2. Hematologic parameters
Two milliliters of K2-EDTA anticoagulated-peripheral blood was
collected before blood transfusion from thalassemia patients and under
fasting condition from healthy controls. To assess hematological
2
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2.6. Measurement of ferritin

66.2% Anti-K
32.0% Anti-D
22.2% Anti-E
20.3% Anti-C
2.7% Anti-Cw
2.7%Anti-Fyb

The serum samples were isolated and stored at − 20 ◦ C. Ferritin levels
were measured using ELISA kits (Monobind Inc., USA) in <30 days. The
reference value of serum ferritin was considered as 16–220 ng/ml and
10–124 ng/ml for men and women, respectively.
2.7. Statistical analysis
Statistical analysis was performed using the Statistical Package for
Social Sciences, version 25.0 (SPSS Inc., Chicago, IL, USA) and Graph
Pad Prism, version 7 (GraphPad Software, CA, USA). The data were
expressed as mean ± standard deviation (SD) for continuous variables
and percentages for categorical variables. Independent Sample T-test
and One-Way ANOVA were used to analyze continuous variables,
whereas the Chi-square test was used to analyze categorical variables.
The Pearson correlation coefficient was used for correlation analysis.
The p-value of <0.05 was considered statistically significant.

Fig. 1. The frequency and specificity of red blood cell (RBC) alloantibodies in
alloimmunized thalassemia patients.

indicated a 3-fold increase when compared to non-alloimmunized group
(Table 3).

3. Results
3.1. Demographic, clinical and laboratory data

3.2. iNKT enumeration

In this case-control study, 78 transfusion-dependent beta-thalas
semia patients (35 men and 43 women) with a mean age of 25.39 ± 8.2,
ranging from 8 to 42 years old and 17 healthy volunteers with a mean
age of 28.5 ± 3.07 were engaged (Table 1). The mean age for thalas
semia presentation and first blood transfusion were 8 and 11 months,
respectively. The mean of annual frequency and the volume of blood
transfusion were estimated 20 times and 260 ml, correspondingly. To
determine the role of iNKT cells-related immune reactions in respon
siveness to alloantigens, the selection of thalassemic patients was made
according to their alloimmunization status. According to the results
obtained from alloantibody detection and identification, we selected 41
alloimmunized thalassemia along with 37 age- and sex-matched nonalloimmunized thalassemia patients (Table 1).
Based on the results obtained from alloantibody identification, the
most common alloantibody detected in the alloimmunized group was
antibody against K antigen with the frequency of 66.2%. The occurrence
of other alloantibodies in this group was 32.0%, 22.2%, 20.3, 2.7%, and
2.7% for D, E, C, Cw, and Fyb, respectively (Fig. 1).
No significant differences were observed in hematologic parameters
(WBC count, lymphocyte count, RBC count, hemoglobin, hematocrit,
MCV, MCH, MCHC, and platelet count) and ferritin levels between
alloimmunized and non-alloimmunized thalassemia groups (Table 2).
Reviewing the thalassemia-associated clinical symptoms revealed
that the most frequent clinical symptom among studied patients was
hypogonadism (48.7%). Additionally, the frequency of hypoparathy
roidism, diabetes, hypothyroidism, and heart failure was estimated at
15.4%, 15.4%, 6.4%, and 2.56%, respectively. However, we did not find
any significant difference in frequency of aforementioned symptoms
between alloimmunized and non-alloimmunized groups. Unlike other
clinical symptoms which illustrated a roughly equal frequency between
alloimmunized and non-alloimmunized, the incidence of diabetes in
alloimmunized group although not significant (P-value: 0.0906)

Flow cytometric analysis demonstrated a significant increase in the
number of peripheral blood iNKT cells in thalassemia group when
compared with the control group (****p < 0.0001). Results showed a
wide-spread distribution of iNKT cells in thalassemia patients. The
average absolute count for iNKT cells in thalassemia and control groups
were 43.88 ± 33.51 and 13.75 ± 8.46, respectively. Results revealed no
significant difference in iNKT absolute number between alloimmunized
(44.55 ± 34.77) and non-alloimmunized (43.11 ± 32.7) thalassemia
patients (p = 0.2619) (Fig. 4A).
However, this value showed a remarkable increase in splenectom
ized patients when compared to non-splenectomized ones (129.2 ± 89.3
vs 33.34 ± 19.4) (****p < 0.0001).
Further, evaluating the correlation between RBC transfusion volume
per year and the number of iNKT cells showed a significant negative
correlation (r: − 0.39, ***p < 0.005). This represents that the decrease in
the number of iNKT cells was in parallel with an increase in blood
transfusion volume per year.
3.3. Flow cytometric analysis of IFN-ɤ-producing iNKT cells
Studying the iNKT cell subsets demonstrated that the number of
iNKT+IFN-ɤ+ cells in thalassemia group (3.3 ± 3.2) was significantly
higher than that of healthy controls (0.54 ± 0.48) (****p < 0.0001,
Mann-Whitney test).
Similar to total iNKT cell number, our results showed no significant
change in the number of iNKT+IFN-ɤ+ cells between alloimmunized and
non-alloimmunized thalassemia patients (2.27 ± 1.72 vs 4.45 ± 4.03)
(p > 0.05) (Fig. 4B).
Furthermore, a 4.4-fold increase was observed in the iNKT+IFN-ɤ+
cell number in the splenectomized patient group when compared to nonsplenectomized patients (7.8 ± 5.8 vs 1.78 ± 1.081) (****p < 0.0001).
Significantly, there was a reverse correlation between the number of
iNKT+IFN-ɤ+ cells and the volume of transfused packed RBCs (p < 0.05,
r: − 0.412).

Table 1
Demographic data.

Age
*
Sex
*

Male
Female

Alloimmunized
(n:41)

Nonalloimmunized
(n:37)

Total
patients
(n:78)

Controls
(n:17)

26.21 ± 7.7

24.58 ± 6.9

18
23

17
20

25.39 ±
8.2
35
43

28.5 ±
3.07
8
9

3.4. Flow cytometric analysis of IL-4-producing iNKT cells
Analyzing flow cytometry data demonstrated a remarkable (8.7-fold)
(4.44 ± 3.45 vs 0.51 ± 0.34) increase in IL-4+ subset of iNKT cells in the
patient group when compared with healthy controls (****p < 0.0001).
Although no significant differences were evident in this cell population
when analyzed in alloimmunized and non-alloimmunized patient

The data represented as mean ± standard deviation (SD).
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Fig. 2. Dot plot histograms depict the gating strategy for analysis of lymphocyte population (A), unstained control (B), PE-FMO control (C and D) and PerCP/Cy5.5FMO control. (E and F). (PE-FMO control cells were stained with FITC and PerCP/Cy5.5 conjugated antibodies while PerCP/Cy5.5-FMO control cells were stained
with FITC and PE conjugated antibodies.)

groups (Fig. 4C).
Remarkably, splenectomy resulted in a 3.67-fold increase in iNK
T+IL-4+ cell number in thalassemia patients (10.89 ± 8.05 vs 2.96 ±
1.79) (****p < 0.0001).
Moreover, evaluating the correlation of packed RBC transfusion
volume per year and the absolute number of IL-4-producing iNKT cells
did not reveal any significant association (p = 0.062, r: − 0.211).

or Th2-related responses, the ratio of iNKT+IFN-γ+ to iNKT+IL-4+cells
was measured in all the groups. Accordingly, the average ratio of iNK
T+IFN-γ+: iNKT+IL-4+cells in alloimmunized thalassemia group repre
sented a considerable decrease in comparison to both nonalloimmunized thalassemia group and healthy controls (Fig. 5).
The relating ratio for alloimmunized patients was 0.60 ± 0.24, which
indicated a significant rise in the proportion of iNKT+IL-4+ to iNKT+IFNγ+, whereas, evaluating this value in non-alloimmunized group repre
sents an approximately equal ratio of 0.94 ± 0.35, which was almost
similar to that of control group (0.99 ± 0.43) (Fig. 5).
Obtained results in different studied groups highlighted a balance

3.5. The ratio of iNKT+IFN-γ+/ iNKT+IL-4+cells
As a possible marker for persuading the immune system toward Th1
4
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Fig. 3. Dot plot diagrams illustrating analysis of iNKT cells with IL-4 or IFN-γ expression in one patient and healthy control. iNKT cells were isolated gating on TCR
Vα24-Jα18 FITC positive population (A, B). iNKT cell frequency in a healthy volunteer (A) and a patient (B). An acquisition gate was established based on TCR Vα24Jα18 FITC and IL-4-Percp-Cy5.5 that represents iNKT + IL-4+ cell population in healthy control (C) and patient (D). E and F dot plot curves show the iNKT + IFN-γ+
distribution analysis in control and patient peripheral blood, respectively.
Table 2
Hematologic parameters.
Parameters

Control (Mean ± SD)

Alloimmunized (Mean ± SD)

Non-alloimmunized (Mean ± SD)

P-value (Alloimmunized vs Nonalloimmunized)

WBC count (/μL)
Lymphocyte (%)
Lymphocyte count (/μL)
RBC (£106/μL)
Hb (g/dL)
HCT (%)
MCV (fL)
MCH (pg)
MCHC (g/dL)
Plt (£103/μL)
Ferritin (ng/mL)

6094 ± 1545
36.6 ± 8.77
2145 ± 443.6
5.00 ± 1.02
14.6 ± 1.9
43.03 ± 4.9
83 ± 2.6
27.8 ± 1.5
33.9 ± 0.9
250 ± 44.9
48.6 ± 46.01

10755 ± 6120
37.9 ± 10.8
4240 ± 3717
3.66 ± 0.47
9.64 ± 0.79
31.3 ± 2.7
80 ± 4.6
26.9 ± 1.1
31.0 ± 1.52
352.5 ± 135.3
1412 ± 2585

11818 ± 10324
38.5 ± 10.6
5150 ± 6230
3.71 ± 0.75
9.5 ± 0.53
30.03 ± 3.2
78.6 ± 5.2
27.2 ± 1.1
31.2 ± 1.08
325 ± 183.5
1805 ± 2312

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

*The Mann-Whitney analysis test was applied to analyze the differences between two thalassemia groups.

between two subsets of iNKT cells and their related immunoregulatory
responses in non-alloimmunized thalassemia patients and control
groups. However, our results predicted an inclination to Th2-mediated
immune response attributed to the higher ratio of IL-4 producing iNKT
cells in alloimmunized thalassemia patients.
Comparing this ratio among splenectomized and nonsplenectomized group did not illustrate any noteworthy differences.
Yet, the results signified a notable increase in the proportion of IL-4/
IFN-γ producing iNKT cells in these two groups when compared to
control group.

β-thalassemia patients by donor RBCs leads to the alloantibody forma
tion, which could be associated with serious complications [4,5]. Albeit,
exposure to non-self-antigen is crucial for alloimmunization; it is not
sufficient to stimulate the immune system for alloantibody production.
Several immunologic and genetic elements could play a pivotal role in
this phenomenon [17]. Discovering the determinant factors could assist
us in managing and offering preventive approaches while it also en
hances the safety of blood transfusion, particularly in patients with
lifelong transfusion.
In our study, we evaluated the potential Th1 or Th2 bias of the im
mune system in alloimmunized and non-alloimmunized thalassemia
patients focusing on their iNKT cell intracellular cytokine profile.
Using the iNKT cell-specific antibody (6B11), the average percentage
for iNKT cells in healthy controls was measured 0.61 ± 0.34 which was

4. Discussion
Continuous stimulating the immune system in poly-transfused
5
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Table 3
Clinical presentation.
Clinical presentation

Total N (%)

Alloimmunized N (%)

Non-alloimmunized N (%)

P-value

Splenectomy
Diabetes
Hypothyroidism
Hypoparathyroidism
Hypogonadism
Heart failure

23 (29.5)
12 (15.4)
5 (6.4)
12 (15.4)
38 (48.7)
2 (2.56)

12 (29.3)
9 (22)
3 (7.3)
6 (14.6)
20 (48.7)
1 (2.43)

11 (29.7)
3 (8.1)
2 (5.4)
6 (16.2)
18 (48.6)
1 (2.7)

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

Chi-square test was used to analyze the frequency of clinical symptom between alloimmunized and non-alloimmunized thalassemia patients which did not reveal any
significant difference.

Fig. 4. The scatter plots compare the absolute number of total iNKT (A), IFN-ɤ+iNKT (B), and IL-4 + iNKT cells (C) between alloimmunized and non-alloimmunized
thalassemia patients as well as healthy controls. Results revealed a significant increase in total iNKT cells and their subpopulation in thalassemia patients when
compared with healthy controls (One-way ANOVA). No significant difference was observed in total iNKT, IFN-ɤ+iNKT, and IL-4 + iNKT cells between alloimmunized
and non-alloimmunized thalassemia patients (One-way ANOVA).

Fig. 5. Evaluating iNKT+IFN-γ+ and iNKT+IL-4+ cells in patient groups (Alloimmunized and non-alloimmunized) and healthy controls indicated a significant dif
ference in the number of these two cell subsets in alloimmunized thalassemia patients (****p < 0.0001, Mann-Whitney test). No comparable variance observed
between these two cell populations in non-alloimmunized thalassemia patients and healthy control groups (p > 0.05, Mann-Whitney test) (A). The average ratio of
iNKT+IFN-γ+: iNKT+IL-4+cells in alloimmunized thalassemia group indicated a considerable decrease in comparison to both non-alloimmunized thalassemia group
and healthy controls (***p < 0.001, One-way ANOVA) (B).

comparatively similar to the results reported by Lenart and et al. (0.3 ±
0.1) [18] and Montoya group (0.01 ± 0.92) [19]. Generally, our results
showed a higher iNKT cell frequency in thalassemia patients in com
parison with healthy controls, while the difference was not evident be
tween alloimmunized and non-alloimmunized thalassemia patients.

Therefore, it seems that the assessment of iNKT subsets is a more rele
vant factor in evaluating the function of iNKT cells in immune system
regulation rather than the number of this cell population. Additionally,
due to the high variability observed in the absolute number of iNKT
subsets among different patients and in order to better evaluate the Th16
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or Th2 trend of the immune system in our cases we applied the ratio of
iNKT+IFN-ɤ+ cells to iNKT+IL-4+ cells in each individual as a criterion.
As far as the authors know, there is no defined reference value for the
ratio of iNKT+IL-4+ to iNKT+IFN-ɤ+ cells. Considering our flow
cytometry results in healthy control group together with the results re
ported by Agnieszka Bojarska–Junak et al. in 2017, it can be concluded
that as expected the iNKT cell subsets have an equal distribution in
healthy individuals and the reference interval for this value is approxi
mately 1.0 [16]. These data are in consistent with the hypothesis that in
a steady-state, there is a balance in cytokine production pattern of iNKT
cells and the subsequent Th1- and Th2-mediated immune responses.
Therefore, any impaired balance in favor of iNKT+IFN-ɤ+ or iNKT+IL-4+
could shift the immune system tendency toward cellular (Th1) or hu
moral (Th2) responses [20]. To the best of our knowledge, this is the first
report investigating the iNKT cells via specific mAb in beta thalassemia
major patients, who were regularly transfused.
IL-4 is a key regulator in humoral immunity [21] which plays its role
through Th2 differentiation of naïve helper T cells (Th0 cells) [22],
stimulation of B-cell [23], and the differentiation of B cells into plasma
cells [24]. Although Th0-derived Th2 cells are the primary source of IL-4
production, the initial IL-4 producing cells that trigger Th2 development
of naïve helper T cells and the subsequent establishment of the humoral
immune response remained rudimentary.
Results obtained in our study demonstrated that alloantibody for
mation most likely happens in patients with high iNKT+IL-4+: iNK
T+IFN-ɤ+ ratio. These findings are in parallel with the results reported
by Weili Bao et al. which showed a significant immune response shift
toward Th2 in alloimmunized patients through evaluation of CD4+IL-4+
cell population [7]. Furthermore, in a study conducted by Liliane K
Siransy and et al. in 2018, it was shown that the ratio of soluble IL-4:
IFN-ɤ is significantly high in alloimmunized sickle cell patients in
respect to non-alloimmunized ones which is consistent with a skewed
Th2-related immune response in this subgroup [25].
There is a hypothesis that IL-4+iNKT cells could suppress the immune
response against the alloantigens through development and activation of
regulatory T cells (Tregs) [26].
Conversely, in our previous research, we did not find any significant
correlation between the absolute number of regulatory T cells and the
alloimmunization. Besides, correlating current findings and our previ
ous results did not reveal any significant association between the num
ber of IL-4+iNKT cells and Tregs in either alloimmunized or nonalloimmunized thalassemia patients (In the current study we used the
same samples applied in our previous study). These findings were in line
with the results reported by Weili Bao in sickle cell patients and were in
contrast with the hypothesis offered by Hongo D and et al. [7].
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