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Understanding of the roles of CD4+CD25+ T cells and Tregs in
development of anti-FVIII in hemophilia A: insights for
inhibitor development prevention
Emre Akkayaa, Basak S. Kocb, Umut C. Kucuksezerc, Aysenur Kokogluc,
Esin Cetin Aktasc, Gunnur Denizc, Sema Gencd and Bulent Zulfikarb

Hemophilia A, characterized by factor VIII (FVIII) deficiency,

can be managed with factor replacement therapy. However,

FVIII-neutralizing antibodies developed in people with

hemophilia A (PwH) can reduce treatment efficacy. This

study investigated the impact of FVIII inhibitors on immunity

in PwH.

Twenty PwH (with the presence and absence of inhibitors)

and 10 healthy individuals have participated. CD4+,

CD4+CD25+, Treg cell percentages, proliferation levels, and

cytokine levels in cell-culture supernatants were evaluated.

An increased CD4+CD25+ T-cell subset was noted in PwH

without inhibitors. CD4+ and CD4+CD25+ T cells showed

increased proliferation, while Treg cells had decreased

proliferation in PwH without inhibitors compared to

controls. With rFVIII added to cell culture, CD4+CD25+

proliferation decreased and Treg proliferation increased in

PwH with inhibitors, while it remained unchanged in other

groups. IL-10 was reduced in both PwH groups. TGF-b was

decreased in PwH with inhibitors compared to those

without inhibitors. IL-10/TGF-b ratio was reduced in both

PwH groups compared to controls. rFVIII in culture

conditions significantly reduced TNF-a only in PwH with

inhibitors, while TGF-b was decreased in PwH without

inhibitors and healthy controls.

Monitoring T-cell immunity in PwHbefore anti-FVIII antibody

development may improve treatment success and help

prevent antibodies and related complications. Blood Coagul

Fibrinolysis 36:371–380 Copyright � 2025 Wolters Kluwer

Health, Inc. All rights reserved.
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Introduction
Hemophilia A is an X-linked hereditary bleeding disorder

characterized by the deficiency of factor VIII, resulting

from mutations in the FVIII gene. FVIII activity can be

completely absent or can range from 5 to 40% of normal

levels in blood. Depending on the factor VIII activity,

hemophilia A is classified as mild, moderate, or severe.

Although people with hemophilia (PwH) were previously

treated using only whole blood and fresh plasma for the

replacement of clotting factor VIII (FVIII), current treat-

ments include plasma-derived FVIII (pdFVIII) concen-

trates, monoclonal antibody-purified pdFVIII products,

or recombinant FVIII proteins (rFVIII) are used for

therapeutic purposes. Studies have shown that FVIII

administration can impair the activation of T cells, lead-

ing to atypical regulatory T cell activity, which triggers

the synthesis of inhibitor (INH) protein against FVIII in

one in three PwH [1]. These inhibitory proteins against

FVIII can neutralize the effects of FVIII replacement

and may lead to a high risk of uncontrollable bleeding,

increased morbidity, and mortality [2,3]. Inhibitor pro-

teins against FVIII are generally directed at specific

epitopes of the large FVIII molecule, primarily the A2,

C1, and C2 domains [4,5]. They are typically of the

immunoglobulin G1 and G4 subclasses [6], where cyto-

kines fromTh1 cells stimulate IgG1 and IgG2 subclasses,

while Th2 cells stimulate the IgG4 subclass. However,

studies have reported that the class switch to IgG4 occurs

only in PwH with inhibitors, neither in healthy individu-

als nor PwH without inhibitors [7]. Therefore, it is

suggested that the Th2-mediated immune responses

may dominate the development of inhibitory antibodies

in PwH [8]. Several factors are associated with the devel-

opment of FVIII inhibitors including specific cytokine

gene polymorphisms, tumor necrosis factor (TNF)-a, and
interleukin (IL)-10, the type of FVIII gene mutation, the

mode of FVIII protein administration, and the immuno-

logic state of PwH [9–11].

While many studies have investigated the immunologic

mechanism of inhibitory protein development, a com-

plete understanding remains elusive. Research has dem-

onstrated that immune responses leading to inhibitor

development are controlled by a CD4+ T cell-dependent

process. This mechanism involves multiple steps: stimu-

lation of CD4+ T cells and B cell maturation by follicular
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CD4+T cells, class switchingmediated by dendritic cells,

and B cells acting as antigen-presenting cells (APCs), and

production of antibodies by IgG-secreting plasma cells,

and memory B cells [8,12–14]. Upon activation, CD4+ T

cells then differentiate into Th1 and Th2 cells, and

regulatory T cells (Tregs). The cytokines secreted from

Th1 and Th2 cells not only stimulate B cells differentia-

tion into antibody-producing cells but also regulate im-

mune system functions [15]. Specifically, Th1 cells

secrete pro-inflammatory cytokines including TNF-a,
interferon (IFN)-g, and IL-2, that activate APCs, while

Th2 cells generate IL-4, IL-5, and IL-13, which drive

immunoglobulin class-switching to IgE [16].

In this study, we examined T cell pathology in PwH with

inhibitory protein, by analyzing CD4+, CD4+CD25+ (acti-

vated T cells) and CD4+CD25+CD127- (Tregs) in periph-

eral blood samples. To further characterize T cell subset

functions, we evaluated their proliferative responses and

pro-inflammatory/anti-inflammatory cytokine production

in peripheral blood mononuclear cell (PBMC) cultures

both with and without rFVIII stimulation.

Materials and methods
Participants
The study cohort included 20 PwH who were diagnosed

and followed up in the Hereditary Bleeding Disorders

Unit of the Oncology Institute, Istanbul University, along

with 10 healthy controls. PwHwere stratified according to

the development of inhibitor antibodies. Study groups;
Group 1, severe PwH with inhibitors [n = 10; mean age

34.7� 18.3 years; mean FVIII levels 0.34� 0.3 IU/l; in-

hibitor titer 20.8 Bethesda Unit (BU) (range:4–114)].

Group 2, PwH without inhibitors [n= 10; mean age

19.8� 14.8 years; mean FVIII levels 0.27� 0.18 IU/l; in-

hibitor level< 0.6 BU/ml]. Group 3, healthy controls,

[n= 10, mean age 34� 7.39 years).

Clinical characteristics of thePwHare summarized inTable

1. Ten of the 20 PwH had anti-FVIII antibodies. Among

inhibitor-positive patients, the mean diagnosis time was

12months (range: 1–120months), family history percent-

age in both groups varied between 50 and 60%. All parti-

cipants underwent screening forHepatitis B surface antigen

(HBsAg), HIV, and hepatitis C virus (HCV) by using

Architect i2000SR (Abbott Inc., Wiesbaden, Germany).

Complete blood counts (CBCs) were evaluated by Coulter

LH-780 (BeckmanCoulter Inc.,Miami,Florida,USA).The

individuals who had anemia (hemoglobin levels <9.5 g/dl),

hematological or immunological diseases, or seropositivity

for HCV, HBs Ag, and HIV were excluded from the study.

The six PwH with inhibitors were treated with rFVIII,

fitusiran, emisizumab, activated prothrombin complex con-

centrates (APCCs), andmarstazimab, PwHwith treatment-

related bleeding or thrombosis at the time of the blood

sampling were excluded. Blood samples of the subjects

were collected into heparinized sampling tubes (Vacuette

tube, BD, Plymouth, UK), and transportedwithin 15min to

Istanbul University, Aziz Sancar Institute of Experimental

Medicine, Department of Immunology. The study was

approvedby theLocal InstitutionalEthicsBoardof Istanbul

University Faculty of Medicine Clinical Studies (Commit-

tee no: 29.09.2020/165181).

FVIII and inhibitor-level measurements
Factor VIII (FVIII) levels were quantified using the one-

stage clotting method with a CS-2500 coagulation ana-

lyzer (Sysmex, Norderstedt, Germany). Inhibitor levels

were determined via the classic Bethesda method [17].

Flow cytometry analyses of CD4+ T cell subsets
PBMCs were isolated from heparinized blood using Ficoll

density centrifugation with Histopaque (Sigma, St. Louis,

Missouri, USA). Freshly isolated PBMCswerewashedwith

ice-cold staining buffer (PBS containing 2% FBS) and

stained with the following surface markers:BV785-conju-

gated antihuman CD3, BV510-conjugated antihuman

CD4, APC-Cy7conjugated antihuman CD127, and (PE)-

Cy5-conjugated antihuman CD25 antibodies (all mAbs

used for flow cytometry were applied at the manufacturer-

recommended concentrations (5ml), all purchased from

Table 1 Clinical characteristics of people with hemophilia A

PwH INH(+)* INH(-)*

Total number (n) 10 (F-M) 10
Age (year) median (Min-Max) 31.5 (4–63) 18 (4–49)
Diagnosis age (month) median (Min-Max) 12 (1–120) 9 (1–84)
PwH’s age (year) of Inhibitor detection median (Min-Max) 11 (1–38) –
Family history of Hemophilia A 6/10 5/10
Presence of an inhibitor (+) individual in the family 0/10 0/10
History of vital organ bleeding 1/10 0/10
Walking disorder 9/10 4/10
History of extensive FVIII exposure 8/10 4/10
Treatment
Continuing current treatment Four PwH have used fitusiran, 2 have used rFVIIa, each of the

remaining PwH used emicizumab, aPCC, marstacimab, and
concizumab

FVIII

FVIII level (mean�SD) 0.34�0.3 0.27�0.18
Inhibitor titer median (Min-Max) 20.8 (4–114) –

*INH(+): PwH with inhibitors. INH(�): PwH without inhibitors.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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Biolegend, USA) for 20min (min) at room temperature, in

the dark. After staining, cells were washed once and then

re-suspended in 500ml of 1% paraformaldehyde in PBS

before by flow cytometer acquisition.

Lymphocytes were first identified by their forward scatter

(FSC) and side scatter (SSC) properties, to exclude debris

and nonlymphoid populations. Unstained PBMC sam-

ples were used as controls, due to their auto-fluorescence

properties. To improve the precision, singlet gating was

performed by plotting FSC-A against FSC-H. Subse-

quently, the cells were gated based on their CD3 and

CD4 expressions, to isolate T cells from other immune

cells. From this population, CD3+CD4+CD127- regula-

tory T cells were identified, followed by gating on

CD3+CD4+CD127-CD25+ cells to accurately determine

the proportion of Tregs in the sample (Fig. 1) [18]. On the

other hand, CD3+CD4+CD25+ T cells were accepted as

activated T cells [19]. All flow cytometry analysis in this

study was performed on a NovoCyte flow cytometer,

using Novo Express software (ACEA Biosciences,

USA), following the Minimum information about a Flow

Cytometry Experiment (MIFlowCyt) standards, to en-

sure reproducibility, transparency. NovoCyte systems

features three lasers (e.g., 488, 561, and 640 nm), with

detection of up to 16 fluorescence parameters, and uses a

pressure-driven fluidics system, for enhanced stability

during sample acquisition. All data were analyzed by

FlowJoV10 (BD Bioscience, USA).

Cell cultures and proliferation assay with CFSE
PBMCs isolated from heparinized blood using Ficoll den-

sity centrifugation with Histopaque were preserved in

RPMI 1640 medium (GIBCO, Grand Island, New York,

USA), supplemented with 10% fetal bovine serum-FBS

(Seromed, Biochrom, Berlin, Germany), 2mmol/l L-gluta-

mine (GIBCO), 1 : 100 diluted MEM nonessential amino

acids (GIBCO), and 100U/ml penicillin and 100 g/ml strep-

tomycin (Both Sigma, St. Louis,Missouri, USA). Cells were

labeled with 5mmol/l final concentration of carboxyfluor-

escein succinimidyl ester (CFSE) (Thermo Fisher Scien-

tific, USA) by incubation for 6min at 48C in the dark, and

cultured for 120h at 378C in a 5% CO2 in 48-well plates

according to our previous studies [20,21] under three con-

ditions: unstimulated, 1U/ml albumin-free recombinant

FVIII (rFVIII, Kogenate FS, Bayer, Bayer Corporation,

Elkhart, Indiana,USA) [1,22], and 5mg/ml phytohemagglu-

tinin (PHA, Thermo Fisher, USA). Following 120h of

incubation, cell-culture supernatants were collected and

stored at -808C until required for ELISA analyses. Then,

cells were stainedwith BV785-conjugated antihumanCD3,

BV510-antihuman CD4, APC-Cy7-conjugated antihuman

CD127 and (PE)-Cy5conjugated-antihuman CD25 antibo-

dies (all from Biolegend, USA), analyzed on an ACEA

Novocyte flow cytometer, to assess proliferation percen-

tages of total lymphocytes, CD4+T cells, total CD4+CD25+

T cells (effector and Treg), and suppressive

CD4+CD25+CD127- Treg cells (Fig. 2a). Spontaneous cell

proliferation (unstimulated, Fig. 2b), proliferation in re-

sponse to rFVIII (Fig. 2c) and phyohemaglutinin as a

positive control (Fig. 2d) were evaluated. Throughout

the cell cultures, cell viability and morphologic analyses

were monitored daily by inverted light microscopy, and

forward scatter/side scatter (FSC/SSC) gating was used to

exclude dead cells/debris during analysis.

Determination of cytokines from cell culture
supernatants
Cell supernatants from unstimulated, rFVIII stimulated

(1U/ml), and PHA (5mg/ml, positive control) cultures

were stored at -808C. IL-10, IL-13, TNF-a, TGF-b,
IL-2, and IFN-g concentrations were measured using

sandwich ELISA (Diaclone Research, Besancon, France).

The detection limits were 8.6 pg/ml for TGF-b, 4.9 pg/ml

Fig. 1

Flow cytometric gating strategy for Treg cell analysis. A representative figure for the gating strategy of freshly isolated peripheral blood mononuclear
cells (PBMCs), in order to evaluate the frequency of peripheral blood CD4+ T cells, CD4+CD25+ activated T cells and Treg cells. (Gates; R1:
lymphocytes, R2: CD3+CD4+ T cells, R3: CD3+CD4+CD127- T cells, R4: CD3+CD4+CD25+CD127- Treg cells).

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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Fig. 2

Cell proliferation analysis. A representative figure for the analysis of proliferation. (a) Gating strategy for investigation of the proliferation percentages
of peripheral blood CD4+ T cells, CD4+CD25+ activated T cells and Treg cells. Demonstrative plots for (b) spontaneous proliferation (c) stimulation
with recombinant factor VIII (1U/ml), and stimulation with phytohemagglutinin (PHA, 5mg/ml). Values indicate percentages of proliferating cell
subsets following cell culture. (Gates; R1: lymphocytes, R2: CD3+CD4+ T cells, R3: CD3+CD4+CD127- T cells, R4: CD3+CD4+CD25+CD127-

Treg cells).

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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for IL-10, 1.5 pg/ml for IL-13, 8 pg/ml for TNF-a, 5 pg/ml

for IFN-g and7 pg/ml for IL-2. IFN-g and IL-2 levelswere
not detected, because theywere below thedetection level.

Statistical analysis
Data were analyzed using the SPSS 22 package (IBM

SPSS Statistics for Windows; IBM Corp., Armonk, New

York, USA). The results were expressed as mean� stan-

dard error mean (SEM). The normality of data dis-

tribution was evaluated using the Shapiro-Wilk test.

Comparison of the experimental groups was performed

using one-way analysis of variance (ANOVA). Post hoc

comparisons were conducted using Tukey’s HSD test for

variables with equal variances, and Tamhane’s T2 test for

variables with unequal variances, as determined by Leve-

ne’s test. Bonferroni correction was applied where appro-

priate to adjust for multiple comparisons. Additionally,

correlation analyses were performed using Spearman’s

test for unequal variances, and Pearson’s test for equal

variances. Statistical significance was defined as a P value

less than 0.05. Our analyses revealed a medium-to-large

effect size (h2
p = 0.204), indicating that the findings are

biologically meaningful and statistically interpretable

[23,24].

Results
Increased expression of activated CD4+ T cells
When the peripheral blood CD4+ T cell subsets were

investigated, the percentages of CD4+CD25+ T cells,

were found to be higher in PwH without inhibitors,

compared to healthy controls (P< 0.001) (Fig. 3a). The

differences in CD4+ T cells and CD4+CD25+CD127-

Tregs among the study groups were nonsignificant (data

not shown, in Fig. 3b, respectively).

Influence of recombinant FVIII on the proliferative
responses of CD4+ T cell subsets
To investigate the effects of rFVIII on cell proliferation,

PBMCs from PwH with or without inhibitor, and from

healthy controls were cultured either with or without

rFVIII and PHA. Proliferation was assessed following

120 h of cell culture. When the proliferation percentages

of CD4+ T cells were examined, PwH without inhibitors

had significantly greater spontaneous proliferation, than

healthy controls (P = 0.023), though proliferation levels of

PwH with and without inhibitors were similar between

PwH with and without inhibitors. With the addition of

rFVIII, PwH without inhibitors had significantly in-

creased proliferative responses relative to healthy con-

trols, but the responses were similar between both PwH

groups. Furthermore, no significant difference in CD4+ T

cell proliferation was observed in between cultures with

and without rFVIII in any of the study groups. As

expected, the presence of PHA triggered significant

proliferation of CD4+ T cells in all study groups. In both

PwH groups, responses were increased relative to healthy

controls (P = 0.023 and P = 0.041, respectively) (Fig. 4a).

The proliferation levels of CD4+CD25+ T cells represent

as the activated T cells [19]. There were significant

differences among the PwH groups in the absence of

any stimulation. Proliferation levels of PwH without

inhibitors were significantly higher, than those of PwH

with inhibitors and controls (P = 0.01 and P= 0.001, re-

spectively), while, both PwH groups had significantly

increased proliferation of CD4+CD25+ T cells, compared

to healthy controls. With the addition of rFVIII, prolifer-

ation levels in the group without inhibitors were signifi-

cantly stronger than the other hemophilic group and

controls (P= 0.04 and P = 0.031, respectively). rFVIII

Fig. 3

The frequencies of CD4+ T cell subsets in peripheral blood samples of PwH and healthy control groups. The frequencies of CD4+CD25+ T (a) and
CD4+CD25+CD127- Treg cell subsets (b) present in freshly isolated peripheral blood samples of healthy controls, PwH without inhibitors and PwH
with inhibitors groups. *Control: Healthy control groups (n=8); INH(+): PwH with inhibitor (n=10); INH(-): PwH without inhibitor (n=10).

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.



376 Blood Coagulation and Fibrinolysis 2025, Vol 36 No 8

significantly reduced CD4+CD25+ T cells proliferation in

PwH with inhibitors (P= 0.032). PHA induced significant

proliferation in all study groups, though no significant

differences were observed between healthy controls,

and either PwH group (Fig. 4b). TheCD4+CD25+CD127-

T cell subset represents Treg cells with immune regula-

tory potential [20,21]. The spontaneous proliferative

responses of Treg cells were significantly lower in PwH

without inhibitors, than in healthy controls (P= 0.032).

rFVIII induced similar proliferative responses among

the study groups, but only, the increase in Treg

proliferation was significant in PwH with inhibitors

(P= 0.049). PHA also triggered significantly increased

responses in all study groups (P< 0.001), though no sig-

nificant differences were observed between healthy con-

trols, and either PwH group (Fig. 4c).

Cytokine contents of peripheral blood mononuclear cell
culture supernatants in relation to rFVIII triggering
The cytokine contents of cell culture supernatants of

PBMCs from both PwH groups and healthy controls,

Fig. 4

The proliferation percentages of the CD4+ T cell subsets following cell culture in the absence and presence of rFVIII and PHA. The proliferation
percentages of CD4+ (a), CD4+CD25+ T cells (b), and Treg cells (c) following 120h of cell culture, with the absence or presence of rFVIII and PHA,
were analyzed by flow cytometry in healthy controls, and in PwH without inhibitors and PwH with inhibitors groups. *Control: Healthy control groups
(n=10); INH(+): PwH with inhibitor (n=10); INH(-): PwH without inhibitor (n=10). Stm, stimulated; US, unstimulated.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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both with and without rFVIII stimulation, were investi-

gated. IL-10, as the most significant regulatory cytokine

was reduced in both PwH groups, with PwH without

inhibitors showing significantly lower levels than healthy

controls (P = 0.008). A similar pattern was observed with

rFVIII stimulation, while the presence of rFVIII in cell

culture conditions did not significantly alter IL-10 levels

any group (Fig. 5a). TGF-b, another important regulatory

cytokine, showed significantly lower expression in PwH

with inhibitors compared to PwH without inhibitors

(P = 0.038). rFVIII stimulation decreased TGF-b levels

in PwH without inhibitors (P = 0.007) but remained un-

changed in inhibitor group (Fig. 5b). IL-13, an important

Th2 cytokine, tended to be lower in PwH without

inhibitor, with the lowest levels in PwH with inhibitors.

No significant changes were observed among the PwH

groups with or without rFVIII stimulation (Fig. 5c).

TNF-a, a key pro-inflammatory cytokine showed no

significant differences in spontaneous levels among

groups. However, rFVIII stimulation down-regulated

TNF-a in PwH with inhibitors (P= 0.007) (Fig. 5d).

The IL-10/TNF-a ratio, reflecting anti-inflammatory

status, was significantly lower in PwH groups compared

to healthy controls (P= 0.005 and P = 0.003, respectively).

rFVIII stimulation increased this ratio in inhibitor group

compared to noninhibitor group (P= 0.024), and healthy

controls (P = 0.07) (Fig. 5e).

Discussion
The development of inhibitory antibodies in PwH is a

critical issue, as it interferes with treatment and leads to

high morbidity and mortality. Therefore, screening for

inhibitor development, is essential for comprehensive he-

mophilia treatment to ensure effective medical care [25].

Accordingly, it is essential to understand the mechanism of

Fig. 5

The cytokine contents of cell culture supernatants of PwH and healthy controls. Cytokine levels of IL-10 (a), TGF-b (b), IL-13 (c), TNF-a (d) IL-10/
TNF-a ratio was evaluated (e), in the supernatants of PBMC cell culture in healthy controls, and in PwH with and without inhibitors following 120h of
cell culture with the absence or presence of rFVIII. *Control: Healthy control groups (n=7); INH(+): PwH with inhibitor (n=10); INH(-): PwH without
inhibitor (n=10). Stm, stimulated; US, unstimulated.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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inhibitor antibody development and closely follow up PwH

before inhibitor development, in terms of protecting their

general health situation and life quality.

In our study, we investigated T cell subsets, and cytokine

profiles in the supernatants of PBMC cultures following

stimulation with rFVIII and PHA. Previous studies have

highlighted the importance of CD4+ T cells in inhibitor

antibody development [15,26]. While effector T cells

activate B cells, to differentiate into plasma cells, and

produce the anti-FVIII response, Tregs suppress this

response, and inhibit antibody production [27]. Although

studies have demonstrated the roles of activated CD4+ T

cells during the initial development of antibodies against

FVIII [8], in cases of multiple exposure to the same

antigen, memory cells, or long-lived plasma cells take

control of antibody responses [28,29]. Our results showed

higher CD4+CD25+ T cell and Treg levels in PwH with

or without inhibitor compared to healthy controls before

incubation (Fig. 3a,b). Notably, following 120 h of incu-

bation, both T cell types were stimulated, with levels

higher in the PwH without inhibitors than inhibitor-

positive group (Fig. 4a,b). Moreover, rFVIII stimulation

increased Treg proliferation only in inhibitor-positive

group, supporting Tregs’ immunomodulatory role

(Fig. 4c). These findings align with the studies demon-

strating the delicate balance between effector T cells and

Tregs in inhibitor development [30,31]. However, the

results of several studies investigating the roles of T cell

subsets in inhibitor development are conflicting. Some

studies showed an increase in CD4+ T cells [15], whereas

others reported a decrease in Tregs, with unchanged

levels of CD4+ T cells in PwH with inhibitor [32]. In

an experimental study by Smith et al. [33], it was reported
FVIII-specific Tregs exhibited a stronger suppressive

effect than nonspecific Tregs, and increased Treg levels

were associated with decreasing inhibitor titers during

the development of antigen tolerance [15,34,35].

Several studies have also demonstrated the effects of the

cytokines secreted from CD4+, CD4+CD25+, and Tregs

in the immunoregulation of antibody responses [36–38].

Tregs exert their suppressive effects on T cells, B cells,

natural killer (NK) cells, dendritic cells through humoral

pathways, including IL-10, TGF-b, IL-35, granzyme B,

as well as via cell-to-cell contact mechanisms through cell

surface receptors such as CTL-1 [39,40]. However, the

suppressive effects on cells may vary depending on the

location, and the type of the immune reaction between T

cells and APCs [39]. Under circumstances, the differen-

tiation of naive T cells into Th1 and Th2 cells and the

generation of Tregs are suppressed during the immuno-

regulatory mechanism [41,42].

In our study, IL-10, TGF-b, IFN-g, and IL-13 concen-

trations were measured to assess the function of CD4+

and CD4+CD25+ T cells, and Tregs. IL-10 and TGF-b
are synthesized by Tregs and thereby modulate pro-

inflammatory functions, and important for the generation

and maintenance of Tregs. Inflammation regulation is

achieved by IL-10 via inhibiting pro-inflammatory cyto-

kines such as TNF-a and IL-6 secretions [43]. According

to our results, IL-10, was lower in both PwH groups, than

healthy controls, and the addition of rFVIII did not alter

IL-10 levels in any group, consistent with the previous

studies [10] (Fig. 5a). TGF-b is also participates in the

regulatory function of Tregs [38]. TGF-b levels were also

demonstrated lower expression in inhibitor-positive

group compared to no PwH without inhibitors, and

rFVIII stimulation reduce TGF-b levels in PwH without

inhibitors and healthy controls, so that the difference

between both groups disappeared with the addition of

rFVIII (Fig. 5b). Based on our findings, the decreased

levels of both cytokines, in the PwHwith inhibitors group

may indicate an insufficient T cell response against

antibody development. Nevertheless, the suppression

of TGF-b secretion in inhibitor-negative individuals,

and controls with the addition of rFVIII, along with

the lack of change in inhibitor group, may suggest insuf-

ficient TGF-b secretion during the phase of inhibitor

development phase, and inducing effect of rFVIII in the

generation of inhibitor antibody. Chaves et al. [10] also
reported lower IL-10 secretion in monocytes of PwH

without inhibitors and with inhibitors compared to

healthy controls and demonstrated the stimulation of

IL-10 secretion in all groups with the addition of rFVIII

with which aligns with our findings. They also reported a

higher IL-10/TNF-a ratio in the PwH with inhibitors,

suggesting the dominance of a T cell-dependent pro-

inflammatory cytokine response at the beginning of FVII

treatment, but an anti-inflammatory/regulatory response

following multiple exposures to FVIII [10]. However, the

IL-10/TNF-a ratio was not altered between PwH groups

based on our results. The decreased IL-10/TNFa ratio in

both groups was observed compared to healthy controls

(Fig. 5e), though, the addition of rFVIII in the culture

medium caused an increased ratio in inhibitor group

compared to the PwH without inhibitors. The decreased

IL-10/TNFa in the group without inhibitors suggests a

pro-inflammatory state mediated by CD4+CD8+ T cells

before inhibitor development. The increased IL-10/

TNF-a ratio with FVIII addition may indicate the stim-

ulation of an anti-inflammatory response, supporting the

findings of Chaves et al. [10].

Moreover, we demonstrated decreased IL-13 andTNF-a
levels in PwH with inhibitors compared inhibitor-nega-

tive and control groups, both in unstimulated and rFVIII-

stimulated conditions, consistent with results of Chaves

et al. [10]. We observed a 58.5 and 33% suppression in

TNF-a levels with the addition of FVIII in both PwH

groups, respectively. In contrast to our findings, Karim

et al. [44] reported higher TNF-a and IL-10 levels in

PwH with inhibitors compared to the no-inhibitor group.

However, in another study reported no changes in IL-10,

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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TGF-b1, and IFN-g concentrations, with the addition of

rFVIII, along with no proliferative responses [45]. The

differences in cytokine results among the studies may be

explained by the variations in incubation periods, the

types and concentrations of FVIII used, the cytokine

evaluation methods (intracytoplasmic or in supernatant),

and the timing of inhibitor generation depending on the

PwH’s immunologic state.

A limitation of this study was that hemophilia patients

who developed antibodies against FVIII could not be

classified according to the time of inhibitor emergence. In

future studies, it would be valuable to classify acute cases

before starting immune tolerance induction (ITI) treat-

ment and chronic cases to better investigate the immu-

noregulatory role of cells and cytokines.

Based on our results, increased percentage of Tregs, and

lower IL-10 andTGF-b levels in PwHwith inhibitor may

suggest an excessive immunosuppressive effect of Tregs,

which can also be detrimental in some conditions. There-

fore, an aberrantly suppressed immune systemmay fail to

prevent inhibitor antibody development.

Our findings highlight the importance monitoring the

importance of monitoring pro-inflammatory and anti-in-

flammatory responses and assessing T cell-dependent

immunity early, before anti-FVIII antibodies develop

in PwH. This approach could enable successful treat-

ment, ultimately improve the quality of life in PwH.
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2 Walsh CE, Jiménez-Yuste V, Auerswald G, Grancha S. The burden
of INHs in haemophilia patients. Thromb Haemost 2016; 116 (suppl 1):
S10–S17.

3 Mahlangu J, Oldenburg J, Callaghan MU, Shima M, Mancuso ME, Trask P,
et al. Health-related quality of life and health status in persons with
haemophilia A with INHs: a prospective, multicentre, noninterventional
study (NIS). Haemophilia 2019; 25:382–391.

4 Lollar P. Pathogenic antibodies to coagulation factors. Part one: Factor VIII
and Factor IX. J Thromb Haemost 2004; 2:1082–1095.

5 Kahle J, Orlowski A, Stichel D, Healey JF, Parker ET, Jacquemin M, et al.
Frequency and epitope specificity of antifactor VIII C1 domain antibodies in
acquired and congenital hemophilia A. Blood 2017; 130:808–816.

6 Carmona E, Aznar JA, Jorquera JI, Villanueva MJ, Sánchez-Cuenca JM.
Detection of two different anti-Factor VIII/von Willebrand factor antibodies
of the IgA class in a hemophilic patient with a polyclonal Factor VIII INH of
the IgG class. Thromb Res 1991; 63:73–84.

7 Whelan SF, Hofbauer CJ, Horling FM, Allacher P, Wolfsegger MJ,
Oldenburg J, et al. Distinct characteristics of antibody responses against
factor VIII in healthy individuals and in different cohorts of hemophilia A
patients. Blood 2013; 121:1039–1048.

8 Jing W, Chen J, Cai Y, Chen Y, Schroeder JA, Johnson BD, et al. Induction
of activated T follicular helper cells is critical for anti-FVIII INH development
in hemophilia A mice. Blood Advances 2019; 3:3099–3110.

9 Astermark J, Oldenburg J, Carlson J, Pavlova A, Kavakli K, Berntorp E, et al.
Polymorphisms in the TNFA gene and the risk of INH development in
patients with hemophilia A. Blood 2006; 108:3739–3745.

10 Chaves D, Belisário A, Castro G, Santoro M, Rodrigues C. Analysis of
cytokine genes polymorphism as markers for INH development in
haemophilia A. Int J Immunogenet 2010; 37:79–82.

11 Astermark J, Oldenburg J, Pavlova A, Berntorp E. Lefvert AK; MIBS Study
Group. Polymorphisms in the IL10 but not in the IL1beta and IL4 genes are
associated with INH development in patients with hemophilia A. Blood
2006; 107:3167–3172.

12 Waters B, Qadura M, Burnett E, Chegeni R, Labelle A, Thompson P, et al.
Anti-CD3 prevents factor VIII INH development in hemophilia a mice by a
regulatory CD4+CD25+-dependent mechanism and by shifting cytokine
production to favor a Th1 response. Blood 2009; 113:193–203.

13 Chen Y, Luo X, Schroeder JA, Chen J, Baumgartner CK, Hu J, et al. Immune
tolerance induced by platelet-targeted factor VIII gene therapy in
hemophilia a mice is CD4T cell mediated. J Thromb Haemost 2017; 15:
1994–2004.

14 Tieu P, Chan A, Matino D. Molecular mechanisms of INH development in
hemophilia. Mediterr J Hematol Infect Dis 2020; 12:e2020001.

15 Hu G, Guo D, Key NS, Conti-Fine BM. Cytokine production by CD4+ T
cells specific for coagulation factor VIII in healthy subjects and haemophilia
A patients. Thromb Hemost 2007; 97:788–794.

16 Goetzl EJ. Th2 cells in rapid immune responses and protective avoidance
reactions. FASEB J 2024; 38:e23485.

17 Kasper CK, Aledort L, Aronson D, Counts R, Edson JR, van Eys J, et al. A
more uniformmeasurement of factor VIII inhibitors. ThrombDiath Haemorrh
1975; 34:869–872.

18 Yu N, Li X, Song W, Li D, Yu D, Zeng X, et al. CD4(+)CD25 (+)
CD127 (low/-) T cells: a more specific Treg population in human peripheral
blood. Inflammation 2012; 35:1773–1780.

19 Shipkova M, Wieland E. Surface markers of lymphocyte activation and
markers of cell proliferation. Clinica Chim Acta 2012; 413:1338–1349.

20 Elshari ZS, Nepesov S, Tahrali I, Kiykim A, Camcioglu Y, Deniz G, et al.
Comparison of mitogen-induced proliferation in child and adult healthy
groups by flow cytometry revealed similarities. Immunol Res 2023; 71:
51–59.

21 GelmezMY, Oktelik FB, Tahrali I, Yilmaz V, Kucuksezer UC, Akdeniz N, et al.
Immune modulation as a consequence of SARS-CoV-2 infection. Front
Immunol 2022; 13:954391.

22 Reding MT, Wu H, Krampf M, Okita DK, Diethelm-Okita BM, Christie BA,
et al. Sensitization of CD4+ T cells to coagulation factor VIII: response in
congenital and acquired hemophilia patients and in healthy subjects.
Thromb Haemost 2000; 84:643–652.

23 Cohen J. Statistical power analysis for the behavioral sciences (2nd ed.,
284-288). Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

24 Lakens D. Sample size justification. Collabra: Psychology 2022; 8:33267.
25 Giangrande PLF, Hermans C, O’Mahony B, de Kleijn P, Bedford M,

Batorova A, et al. European principles of inhibitor management in patients
with haemophilia. Orphanet J Rare Dis 2018; 13:66.

26 Reding MT, Lei S, Lei H, Green D, Gill J, Conti-Fine BM. Distribution of Th1
and Th2 induced antifactor VIII IgG suclasses in congenital and acquired
hemophilia patients. Thromb Haemost 2002; 88:568–575.

27 Luo L, Zheng Q, Chen Z, Huang M, Fu L, Hu J, et al. Hemophilia A patients
with inhibitors: mechanistic insights and novel therapeutic implications.
Front Immunol 2022; 13:1019275.

28 Reipert BM, Allacher P, Hausl C, Pordes AG, Ahmad RU, Lang I, et al.
Modulation of factor VIII-specific memory B cells. Haemophilia 2010; 16:
25–34.

29 Zhang AH, Skupsky J, Scott DW. Effect of B-cell depletion using anti-
CD20 therapy on inhibitory antibody formation to human FVIII in hemophilia
A mice. Blood 2011; 117:2223–2226.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.



380 Blood Coagulation and Fibrinolysis 2025, Vol 36 No 8

30 Kim YC, Zhang AH, Su Y, Rieder SA, Rossi RJ, Ettinger RA, et al.
Engineered antigenspecific human regulatory T cells: immunosupression of
FVIII-specific T cells and Bcell responses. Blood 2015; 125:1107–1115.

31 Miao CH. Immunomodulation for inhibitors in hemophilia A: the important
role of Treg cells. Expert Rev Hematol 2010; 3:469–483.

32 Schep SJ, Schutgens REG, Fischer K, Voorberg J, Boes M. Role of
regulatory cells in immune tolerance induction in hemophilia A.
HemaSphere 2021; 5:e557.

33 Smith BM, Lyle MJ, Chen AC, Miao CH. Antigen-specific in vitro Expansion
of Factor VIII-specific regulatory T cells induces tolerance in hemophilia A
mice. J Thromb Haemost 2019; 18:328–340.

34 Matsui H, Shibata M, Brown B, Labelle A, Hegadorn C, Andrews C, et al. A
murine model for induction of long-term immunologic tolerance to factor VIII
does not require persistent detectable levels of plasma factor VIII and
involves contributions from Foxp3+ T regulatory cells. Blood 2009; 114:
677–685.

35 Scott DW, Pratt KP, Miao CH. Progress toward inducing immunologic
tolerance to factor VIII. Blood 2013; 121:4449–4456.

36 Tran DQ, Glass DD, Uzel G, Darnell DA, Spalding C, Holland SM, et al.
Analysis of adhesion molecules, target cells, and role of IL-2 in human
FOXP3+ regulatory T cell suppressor function. J Immunol 2009; 182:
2929–2938.

37 McHugh RS,Whitters MJ, Piccirillo CA, Young DA, Shevach EM, Collins M,
et al. CD4(+)CD25(+) immunoregulatory T cells: gene expression analysis
reveals a functional role for the glucocorticoid-induced TNF receptor.
Immunity 2002; 16:311–323.

38 Chen ML, Pittet MJ, Gorelik L, Flavell RA, Weissleder RA, von Boehmer H,
et al. Regulatory T cells suppress tumor-specific CD8T cell cytotoxicity

through TGF-beta signals in vivo. Proc Natl Acad Sci U S A 2005; 102:
419–424.

39 Tan D, Yin W, Guan F, Zeng W, Lee P, Candotti F, et al. B cell-T cell
interplay in immune regulation: a focus on follicular regulatory T and
regulatory B cell functions. Front Cell Biol 2022; 10:991840.

40 Jang E, Cho WS, Cho ML, Park HJ, Oh HJ, Kang SM, et al. Foxp3+
regulatory T cells control humoral autoimmunity by suppressing the
development of long-lived plasma cells. J Immunol 2011; 186:
1546–1553.

41 Blair PA, Noreña LY, Flores-Borja F, Rawlings DJ, Isenberg DA, Ehrenstein
MR, et al.CD19(+)CD24(hi)CD38(hi) B cells exhibit regulatory capacity in
healthy individuals but are functionally impaired in systemic Lupus
Erythematosus patients. Immunity 2010; 32:129–140.

42 Flores-Borja F, Bosma A, Ng D, Reddy V, Ehrenstein MR, Isenberg DA,
et al. CD19+CD24hiCD38hi B cells maintain regulatory T cells while
limiting TH1 and TH17 differentiation. Sci Transl Med 2013; 5:173ra23.

43 Tiemessen MM, Jagger AL, Evans HG, van Herwijnen MJC, John S, Taams
LS. CD4+ CD25+ Foxp3+ regulatory T cells induce alternative activation
of human monocytes/macrophages. Proc Natl Acad Sci U S A 2007; 104:
19446–19451.

44 Karim AF, Soltis AR, Sukumar G, K€onigs C, Ewing NP, Dalgard CL, et al.
Hemophilia A inhibitor subjects show unique PBMC gene expression
profiles that include upregulated innate immune modulators. Front Immunol
2020; 11:1296–1309.

45 Towfighi F, Gharagolou S, Kardar GA, Sharifian RA, Karimi K, Lak M, et al.
Assessment of in vitro cytokine response in hemophilia A patients with or
without factor VIII inhibitory antibody. J Interferon Cytokine Res 2007; 27:
665–674.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.


	Title
	Section1
	Section2
	Section3
	Section4
	Section5
	Section6
	Section7
	Section8

	Section9
	Section10
	Section11
	Section12

	Section13
	Section14
	Section15


	Section16



