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Introduction: Repeated transfusions in thalassemia patients can cause several complications, including alloimmunization and
autoimmunization.

Purpose: This study compares the immune response of T follicular helper (Tth) lymphocytes expressing T-cell immunoreceptor with
immunoglobulin and immunoreceptor tyrosine-based inhibitory domains (TIGIT), programmed cell death-1 (PD-1), and interleukin-21
(IL-21) between patients with allo-auto positive and negative thalassemia before and after hemin administration.

Materials and Methods: This study used a quasi-experimental pre- and post-test design and was performed between April and
November 2021 at the Dr. Soetomo General Academic Hospital in Surabaya, Indonesia. It enrolled 29 patients with allo-auto
positive thalassemia and 28 with allo-auto negative, and 9 mL of whole blood (WB) was drawn from each patient. Hemin
solution (20 uM) was added to 5 mL of WB, incubated for two hours, processed into peripheral blood mononuclear cells
(PBMCs) in RPMI media, and cultured with 5% CO, for three days. The 4 mL WB sample was also processed into PBMCs.
PBMC cells cultured and without cultured were examined by flow cytometry using a BD FACSCalibur after surface and
intracellular staining. Differences in Tth cells expressing TIGIT, PD-1, and IL-21 between thalassemia groups before and after
hemin administration were compared using independent #-tests or Mann—Whitney U-tests (p < 0.05).

Results: Tfh cell expression did not differ between groups before hemin administration and increased after hemin adminis-
tration. The increase in Tth cell expression was higher in the allo-auto positive group. TIGIT and PD-1 expression in Tth cells
did not differ between groups, but TIGIT decreased after hemin administration in contrast to PD-1 result. IL-21 expression in
Tth cells did not differ between groups and did not change after hemin administration.

Conclusion: Hemin affected the expression of Tth cells in both group thalassemia, but there was no difference of Tth cell expression
between the groups.
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Introduction

Thalassemia is an autosomal recessive hereditary disease. A partial or complete deficiency of globin chain tetramers in
thalassemia causes chronic hemolytic anemia. The Thalassemia International Federation classifies thalassemia into
transfusion-independent and transfusion-dependent based on its need for transfusion.! As technology advances, disease-
causing mutations have become treatment targets. Several approaches have been explored as nucleic acid-based
therapies. However, several limitations challenge their implementation, such as stability, delivery method, suitable
vector, and optimal nucleic acid dose.’

Transfusion remains the primary treatment recommended for thalassemia. However, repeated transfusions can
cause iron overload, characterized by increased serum ferritin levels that interfere with 25(OH)D synthesis in the
liver.” High excess iron also causes impaired glucose metabolism.* Other complications are common, such as mild
depression, especially in patients with high serum cortisol levels,’ transfusion reactions, infection, alloimmuniza-
tion, and autoimmunization.® Alloimmunization rates are reported to be 5-30% in thalassemia major in
Mediterranean and Southeast Asian countries. A Thai study found an alloimmunization rate of 17.5% in transfu-
sion-dependent thalassemia patients.” Research on patients with homozygous beta-thalassemia who received

repeated transfusions found that 87 of 385 patients (22.6%) experienced autoimmunization.®

The reported
autoimmunization rates in thalassemia patients in several countries include 28.8% in Egypt,” 23% in
Hong Kong,'? 22.8% in Albania,'' and 6.5% in the US.'?

Alloimmunization and autoimmunization can have many disadvantages, including acute and delayed hemolytic
transfusion reactions, difficulty in obtaining compatible blood leading to delayed transfusions, additional pre-
transfusion tests, and increased costs for laboratory tests and patient management.® Therefore, the role of the
immune response in alloimmunization and autoimmunization incidence in thalassemia patients must be further
studied."?

Several studies on the immune response in chronic hemolytic conditions have been performed in sickle cell disease
(SCD) patients. Cell culture studies of SCD patients who received repeated transfusions showed an increased response of
CD4+ T cells to the hemin administration in alloimmunized patients compared to those without alloimmunization.'*
Hemin is a marker of red blood cell degradation products that induce changes in TCD4+ cell subsets through activation
of heme oxygenase-1 (HO-1)."> Another study on SCD patients showed that T follicular helper (Tfh) cells expressing
programmed cell death-1 (PD-1) are more numerous in patients without alloimmunization compared to those with
alloimmunization, while interleukin-21 (IL-21) expressing cells were more numerous in patients with
alloimmunization.'® Cell culture studies of SCD patients with repeated transfusions showed an increase in Tfh cells
expressing T-cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibitory domains (TIGIT)
in alloimmunized versus non-alloimmunized subjects, while Tfh cells expressing PD-1 were not different.'’

Whether the immune response in thalassemia is similar to SCD patients remains unknown.'® Since chronic
hemolysis occurs in both SCD and thalassemia patients, this study compares the immune response of Tth
lymphocytes expressing TIGIT, PD-1, and IL-21 between transfusion-dependent thalassemia patients with (allo-
auto positive) and without (allo-auto negative) alloimmunization and autoimmunization before and after hemin
administration. The study’s results are expected to provide information for therapy development in thalassemia
patients through modification of the immune response of Tth cells, especially in patients with alloimmunization.

Materials and Methods
This study was quasi-experimental with a non-equivalent control group and pre- and post-test design. It was
performed between April and November of 2021 at the Dr. Soetomo General Academic Hospital in Surabaya,
Indonesia. This study was approved by Local Institutional Human Research Ethics Committee at the Dr. Soetomo
General Academic Hospital (no. 0527/LOE/301.4.2/V11/2021) in accordance with the standards laid down in the
1964 Declaration of Helsinki.

We enrolled 29 patients with transfusion-dependent allo-auto positive thalassemia and 28 with allo-auto negative
thalassemia. Sample size calculated by determining the sample size for experimental research with two groups
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(1-p=0.80). Patients underwent standard set blood sample drawing after obtaining informed consent. Informed consent
was obtained from parents or legal guardians for research participants under 18 years old. Heparin blood samples were
taken from each patient. In particular, 9 mL of whole blood was drawn from each patient and divided into two
heparinized tubes; one contained 5 mL for culture and the other contained 4 mL for non-culture. A 20 uM hemin
solution was added to culture samples, incubated for two hours, and prepared to manufacture peripheral blood mono-
nuclear cells (PBMCs).

PBMC cells were diluted to a density of 10° cells/mL and divided into three 1 mL tubes. Fetal bovine serum,
streptomycin, and penicillin were added to each tube and mixed. Next, they were placed in an incubator with 5% CO, for
three days. PBMC cultures were harvested after three days and centrifuged at 1500 rpm for 10 minutes to separate
PBMCs from the supernatant. PBMCs were washed twice and prepared for flow cytometry. The 4 mL blood samples
were added to 4 mL of PBS, mixed, divided into two tubes, and prepared for PBMC manufacturing.

Tth lymphocytes expressing TIGIT, PD-1, and IL-21 were identified using flow cytometry with a BD FACS Calibur
instrument. The Tth cells were identified by surface staining by adding mouse anti-human CD4 labeled with fluorescein
isothiocyanate (BD Pharmingen) and rat anti-human C-X-C motif chemokine receptor 5 (CXCR5/CD185) labeled with
PerCP-Cy5.5 (BD Pharmingen). Monoclonal anti-TIGIT labeled with allophycocyanin (eBioscience) as the TIGIT
surface marker. Monoclonal mouse anti-human PD-1 (CD279) antibody (BD Pharmingen) labeled with phycoerythrin
was added as the PD-1 surface marker. Intracellular staining was performed by adding mouse anti-human IL-21 labeled
with Alexa Fluor 647 (BD Pharmingen).

Statistical Analysis

The differences in Tth cells expressing TIGIT, PD-1, and IL-21 between allo-auto positive and negative thalassemia
groups before and after hemin administration were assessed with independent ¢-tests when normally distributed and with
Mann—Whitney U-tests when nonnormally distributed. All results with p < 0.05 were considered statistically significant
and analyzed using IBM SPSS Statistics Version 21.

Results

Participants’ demographic data (gender, age, and blood type) were collected when they first received blood transfusions.
The allo-auto negative thalassemia group was dominated by the O blood type (50%), while the allo-auto positive
thalassemia group was dominated by the B blood type (44.8%). All patients were rhesus positive (Table 1).

Table | Participant Characteristics

Variable Allo-Auto Negative Thalassemia | Allo-Auto Positive Thalassemia
Sex
Male 14 (50.0%) 8 (27.6%)
Female 14 (50.0%) 21 (72.4%)
Age (years)
1-5 3 (10.7%) 2 (6.9%)
6-10 8 (28.6%) 4 (13.8%)
11-17 9 (32.1%) 10 (34.5%)
Adult (18-39) 8 (28.6%) 13 (44.8%)
Blood group
A 7 (25.0%) 7 (24.1%)
B 5 (17.9%) 13 (44.8%)
(e 14 (50.0%) 8 (27.6%)
AB 2 (7.1%) 1 (3.4%)
Rh positive 28 (100.0%) 29 (100.0%)

Note: p significant at a = 0.05 (Mann—-Whitney test).
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Table 2 Antibody and Autocontrol Screening Results

Antibody Screening | Autocontrol | Alloimmunization/Autoimmunization | Total

Negative Positive Autoimmunization 13 (44.8%)
Positive Negative Alloimmunization 4 (13.8%)
Positive Positive Alloimmunization + autoimmunization 12 (41.4%)

Of the 29 allo-auto positive thalassemia patients, 13 showed positive autocontrol and negative antibody
screening (44.8%), termed thalassemia with autoimmunization. Negative autocontrol and positive antibody screen-
ing were found in four patients (13.8%), termed alloimmunization thalassemia. Positive autocontrol and positive
antibody screening were found in 12 patients (41.4%), termed alloimmunization and autoimmunization thalasse-
mia (Table 2).

T Follicular Helper Cells

Tth cells in allo-auto negative and positive thalassemia significantly increased after hemin administration (p = 0.024
and p = 0.000, respectively). In addition, the increase in Tth cells differed significantly between groups (p = 0.030).
Tth cell numbers in allo-auto negative thalassemia were not significantly different from allo-auto positive thalassemia
before hemin administration (p = 0.267) but were significantly higher after hemin administration (p = 0.024)
(Figure 1).

Activation of Tfh Cells Expressing TIGIT

Tth cells expressing TIGIT in allo-auto negative and positive thalassemia significantly decreased after hemin
administration (p = 0.000 and p = 0.001, respectively). The change in Tfh cells expressing TIGIT did not differ
significantly between groups (p = 0.326). Tth cells expressing TIGIT did not differ significantly between groups
before (p = 0.083) or after (»p = 0.199) hemin administration (Figure 2).

Tfth Cells Expressing PD-1

Tth cells expressing PD-1 did not differ significantly between allo-auto negative and positive thalassemia before
(»p = 0.835) and after (p = 0.133) hemin administration. However, Tth cells expressing PD-1 significantly
increased after hemin administration in allo-auto negative (p = 0.000) and allo-auto positive (p = 0.001)

Percentage Tfh cells
4 P =0.000
12

10

P =0.024

Tfh cells

Allo-auto negative Allo-auto positive

m Before hemin m After hemin

Figure | T follicular helper (Tfh) cells.
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Figure 3 Tth cells expressing PD-1.

thalassemia. However, the change of Tth cells expressing PD-1 did not differ significantly between groups (p =
0.238) (Figure 3).

Tth Cells Expressing IL-21

Tth cells expressing IL-21 did not differ significantly between allo-auto negative and positive thalassemia before (p =
0.914) and after (p = 0.195) hemin administration. Tth cells expressing IL-21 did not differ significantly after hemin
administration in allo-auto negative (p = 0.995) and positive (p = 0.063) thalassemia. The change in Tth cells expressing
IL-21 did not differ significantly between groups (p = 0.513) (Figure 4).
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Figure 4 Ttfh cells expressing IL-21.

Discussion

Fifty-seven transfusion-dependent thalassemia patients were included in this study, 28 with allo-auto negative and 29
with allo-auto positive thalassemia. Our results suggest that the allo-auto positive thalassemia group was dominated by
13 autoimmunization patients (44.8%), followed by 12 alloimmunization and autoimmunization patients (41.4%), and
four alloimmunized patients (13.8%). An Albanian prospective cohort study followed 118 thalassemia patients receiving
regular transfusions for five years, screened for antibodies, and given blood with matched ABO, rhesus, and Kell blood
group systems. Of these 118 patients, 14 (11.8%) were alloimmunized and 27 (22.8%) were autoimmunization. They
found that of the 14 alloimmunized patients, 11 also had autoimmunization.'!

An Egyptian study found that of 200 thalassemia patients receiving repeated transfusions, those with alloimmuniza-
tion were more alloimmunized (36; 18%) than autoimmunized (33; 16.5%)."® A Chinese study reported that of their 382
patients, 294 (77.0%) were antibody negative and 88 (23.0%) were antibody positive. Of the antibody-positive patients,
70 (79.5%) showed alloimmunization and 18 (20.5%) showed autoimmunization.'® Our study is consistent with the
Albanian study, suggesting that many patients with alloimmunization also have autoimmunization. The frequency of
patients with autoimmunization is higher than with alloimmunization, which is inconsistent with the Egyptian and
Chinese studies. The influencing factors in the frequency of alloimmunization and autoimmunization are unclear. Overall,
our study is consistent with all three studies because thalassemia patients experienced unexplainable alloimmunization or
autoimmunization.

Our study found that allo-auto negative thalassemia is dominated by blood type O, while allo-auto positive
thalassemia is dominated by blood type B. A Greek study of 65 thalassemia patients receiving repeated transfusions
found that 36.9% had blood group B and were rhesus positive.'® An Indian study of 500 thalassemia patients receiving
repeated transfusions found that 36.8% had blood group B and were rhesus positive.'® Unfortunately, these two studies
did not classify thalassemia as with or without alloimmunization. Whether there is a relationship between the incidence
of alloimmunization and autoimmunization with the ABO blood group remains unclear.

Tth cells in allo-auto negative thalassemia were not significantly different from allo-auto positive thalassemia before
hemin administration. Tth cells are a subset of CD4+ T cells that stimulate B cells to produce antibodies in the effective
humoral immune response.”’ Tfh cells were characterized by their expression of the transcription factor nuclear
transcriptional repressor B cell lymphoma 6 (BCL6), the CXCRS5, inducible co-stimulator (ICOS), PD-1, and IL-21.%'

Since 2011, CD4+ CXCRS5+ T cells in peripheral blood have been known as circulating Tth cells, which have been
shown to promote B cell differentiation into plasma cells and produce immunoglobulin G (IgG) in vitro.”? Elevated Tfh
cells have been found in patients with systemic lupus erythematosus (SLE), myasthenia gravis, and juvenile
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dermatomyositis.>> Excessive activation of Tfh cells can also lead to autoimmunization.?* Other studies have also shown
an increase in circulating Tfh cells in patients with active autoimmune disease.?

Circulating Tfh cells account for about 6% of the total CD4+ T cells in peripheral blood in healthy individuals.** Tfh
cells have antigen-specific memory and regulate memory B cells.?® Our study found that the median percentage of Tth
cells from the CD4+ T cells in allo-auto negative thalassemia patients was lower (5.03%) than in allo-auto positive
thalassemia patients (6.29%). However, the percentage of Tth cells did not differ significantly between groups. Another
study found that the percentage of Tth cells in SCD patients was not significantly different between those without
alloimmunization and those with alloimmunization.'’

A study in mice modeled autoimmune hemolytic anemia (AIHA) and showed an increase in the number of Tth cells
and the ratio of Tth to T follicular regulatory T cells (Tfr) in mice with positive autoantibodies. They also found that Tth
cells injected into AIHA-modeled mice stimulated the formation of autoantibodies, indicating the important role of Tth
cells in controlling the induction of B cells to produce antibodies in AIHA. Increased Tth cell activity is associated with
a response to exposure to a given red cell antigen. Weekly intraperitoneal injections of red blood cells in rats led to the
formation of autoantibodies against erythrocytes five to six weeks after immunization. Peak erythrocyte autoantibody
levels were formed within 10—12 weeks post-injection. They correlated with an increase in reticulocytes and significantly
reduced the lifespan of red blood cells. The increase in Tth cells correlated positively with anti-RBC IgG levels.?!

Hemin administration increased the number of Tth cells in both groups. Tth cells were higher in allo-auto positive
thalassemia patients after hemin administration. Hemoglobin and heme resulting from the destruction of red blood cells
in thalassemia hemolytic anemia can act as erythrocytic danger-associated molecular pattern molecules that activate the
innate (natural) immune response.”’ Heme induces T regulatory (Treg) cell proliferation and inhibits Th1 through HO-1
activation in SCD patients without alloimmunization but not in patients with alloimmunization.”® Hemin administration
was believed to induce Tth cell proliferation in both groups due to the Tth response to heme. Hemin induced a stronger
Tth cell response in allo-auto positive thalassemia patients, indicated by a larger increase in the percentage of Tth cells.
We hypothesize that the increase in Tth cells in allo-auto positive thalassemia patients might be related to Tth cells,
which are more sensitive to hemin exposure due to their memory of specific red blood cell antigens contacted.

Tth cells expressing TIGIT in allo-auto negative thalassemia patients were not significantly different from allo-auto
positive thalassemia patients. Another study of healthy individuals showed that the percentage of Tth cells expressing
TIGIT in peripheral blood was 47% + 3.2%.'7 Our study showed that the median percentage of Tfh cells expressing
TIGIT in peripheral blood of allo-auto negative thalassemia patients was lower than in healthy individuals in Godefroy
et al but with a wider range.'” The highest percentage was almost the same as normal individuals (20.88%; 4.93-47.29%)
and allo-auto positive thalassemia patients (29.20%; 4.23-51.55%). Our study showed that the percentage of Tth cells
expressing TIGIT did not differ significantly between groups, consistent with the SCD study that showed the percentage
of Tfh cells expressing TIGIT did not differ significantly between patients with allo-auto positive and negative
thalassemia.

A significant decrease in Tth cells expressing TIGIT in both groups after hemin administration was showed in our
study. Studies of autoimmune SLE patients showed that they have more Tfh cells expressing TIGIT than healthy
individuals, correlating with severity as assessed by the SLE disease activity index criteria.”” Cancer research shows that
TIGIT inhibition in Treg cells (CD4+ FOXP3+ TIGIT+) increases the activity of TCD8+ and NK cells, inhibiting tumor
growth.>® The role of Tfh cells in thalassemia remains unclear. Our study showed that hemin administration to PBMCs
from thalassemia patients decreased Tth cells expressing TIGIT. The decrease in the percentage of Tth cells expressing
TIGIT after hemin administration might be an anti-inflammatory response to HO-1 activation. This hypothesis is
consistent with the effect of hemin on cytokine regulation through the activation of HO-1, which has an anti-
inflammatory effect by inhibiting macrophages secreting proinflammatory cytokines (interleukin-1f and tumor necrosis
factor a) and inducing the release of interleukin-10.*"

Another study of SLE patients showed a decrease in Tth cells expressing TIGIT after stimulation with mitogen
phytohemagglutinin. They also used recombinant CD155 (TIGIT receptors on dendritic cells), which decreased CD4+
T cell proliferation. This finding suggests that TIGIT may act as a negative regulator of TCD4+ cell activity.”’ HO-1 acts
as an immunosuppressant, inhibiting dendritic cell maturation.** This study proposed that hemin might activate HO-1,
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inhibiting the response of dendritic cells to TIGIT and decreasing the percentage of Tfh cells expressing TIGIT after
hemin administration.

Tth cells expressing PD-1 did not differ significantly between groups before and after hemin administration. The
median percentage of Tth cells expressing PD-1 in our study for allo-auto negative and positive thalassemia patients was
lower but broader than in healthy individuals in another study.>® Our study also found that Tfh cells expressing PD-1
increased significantly in both groups after hemin administration. The median percentage of Tth cells expressing PD-1
result was lower than in lymphoma patients from another study.*?

PD-1 is a co-inhibitor of cytokine production and effector T cell proliferation. This mechanism maintains tolerance to
autoantigens and prevents autoimmunity.>* Inhibition of T-cell receptor signaling and costimulatory CD28 is considered the
main pathway of PD-1 action.*® Programmed death-ligand 1 (PD-L1) is expressed by hematopoietic and nonhematopoietic
cells. Cells expressing PD-1 will bind to PD-L1, inducing signals that inhibit the function and survival of Tth cells expressing
PD-1.%° Another study found that PD-1 inhibits the function of Tfr. PD-1 deficiency in Tfr cells in the peripheral blood
increases suppressive capacity.’’ In-vitro studies of T cells in the lymph nodes of patients infected with the human
immunodeficiency virus (HIV) showed an increase in Tth cells expressing PD-1 followed by a decrease in ICOS expression
and IL-21 secretion, suggesting that PD-1 inhibits the increased production of HIV-specific immunoglobulins.*®

Experimental animal studies have shown that dendritic cells are required to initiate the transformation of naive TCD4
cells into Tth cells expressing PD-1. The culture of naive TCD4 cells with naive B cells alone did not produce Tth cells.
However, when dendritic cells were added, Tth cells expressing PD-1 increased significantly.”® Hemin is responsible for
activating HO-1, which is responsible for inducing dendritic cell responses.®”

Tth cells expressing PD-1 increased in both groups after hemin administration in this study, possibly due to hemin
inducing HO-1. This process activates dendritic cell responses, increasing Tth cells expressing PD-1. The increase in Tth
cells expressing PD-1 inhibits Tth cell activation against specific antigen stimulation, making Tth cells unable to induce
B cells to form antibodies. This inability might have a protective effect against transfusion-dependent thalassemia after
repeated exposure to red cell antigens that are different from the self-antigens.

Our study showed that Tth cells expressing IL-21 did not differ significantly between groups before and after hemin
administration. Tth cells produce IL-21 in response to antigens presented by dendritic cells, inducing B cell differentia-
tion in germinal centers. One study reported that circulating Tfh cells also had memory capabilities.** Tfh cells
expressing IL-21 did not differ between groups, possibly due to repeated transfusions resulting in exposure to different
red cell antigens under the same conditions in both groups that were not affected by hemin.

The results showed a higher median percentage of Tth cells expressing IL-21 in both groups but a wide interval
compared to osteoarthritis patients in another study.*' Studies on lymphocyte cells from mouse lymph nodes have shown
that IL-21 mediates the growth and survival of Tth cells. The IL-21 receptor is expressed on Tth cells and B cells,
suggesting a central role of IL-21 in Tth cell formation and antibody production. Tth cells are known to express ICOS
and IL-21. ICOS expression has an impact on IL-21 production.*?

Another study that cocultured circulating Tth cells with dendritic cells showed that dendritic cells led to increased Tth
cell activation and cytokine production, including IL-21, but IL-21 also inhibited dendritic cell activation and
maturation.” Studies in patients with Sjogren’s syndrome with positive antibodies have reported circulating Tfh cells
expressing higher IL-21 and positively correlated with IgG levels.** We suspect that hemin administration did not
increase Tth cells expressing IL-21 because hemin is not a specific antigen presented by dendritic cells to Tth cells,
leading to a weaker effect on increasing IL-21 expression. In addition, the number of Tth cells expressing IL-21 was
already high, which might be sufficient to maintain Tfh cell activation and survival.

We recognize that this study has limitations, so it cannot comprehensively describe the immune response of the two
thalassemia groups. Some factors that affected the study results cannot be completely ruled out. The level of heme in the
blood was not measured, so the hemolysis level of individual subjects was not evaluated. This study did not measure the
transcription factor nuclear transcriptional repressor B cell lymphoma 6 (BCL6), the CXCRS5, an inducible co-stimulator
(ICOS) that affects the immune response of T cells, including Tth, to stimulate B cells forming antibodies. This study
was limited to the Tth immune response, while the hemolysis-related immune response involved the innate immune
response. We also did not examine T regulators, which control T effector, including Tth cells.
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Conclusions
Tth cells did not differ significantly between thalassemia groups before hemin administration, but a significant increase was

observed after hemin administration. The increase in Tth cells was higher in allo-auto positive thalassemia patients. Tth cells

expressing TIGIT did not differ significantly between thalassemia groups, but a significant decrease was observed after hemin

administration. Tth cells expressing PD-1 did not differ significantly between thalassemia groups, but hemin administration

increased Tth cells expressing PD-1 in both groups. Tth cells expressing IL-21 did not differ significantly between thalassemia

groups before and after hemin administration. The immune response of Tth cells expression did not differ between allo-auto

positive and negative thalassemia. Hemin administration affected Tth cell expression in both thalassemia groups.
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