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Background. The development of factor VIII (FVIII) inhibitor in patients with hemophilia A (PWHA) is a great challenge for
hemophilia care. Both genetic and environmental factors led to complications in PWHA. The development of inhibitory
antibodies is usually induced by the immune response. Tumor necrosis factor α (TNF-α), one of the cytokines, might
contribute to its polymorphism. In this study, we investigated the clinical factors, level of serum TNF-α, and polymorphism of
c:−308G > ATNF − α gene in inhibitor development in severe PWHA. Methods. A cross-sectional study was conducted among
all PWHA in West Java province. The clinical parameters, FVIII, FVIII inhibitor, and serum TNF-α level were assessed. The
genotyping of −380G > A TNF-α gene polymorphism was performed using polymerase chain reaction and Sanger sequencing.
Results. Among the 258 PWHA, 216 (83.7%) were identified as severe PWHA. The FVIII inhibitor was identified in 90/216
(41.6%) of severe PWHA, consisting of 45 high-titer inhibitors (HTI) and 45 low-titer inhibitors (LTI). There was a significant
correlation between serum TNF-α level and the development of HTI (p = 0:043). The cutoff point of serum TNF-α level, which
can be used to differentiate between HTI and LTI, was 11.45 pg/mL. The frequency of FVIII replacement therapy was
significant only in HTI of severe PWHA regarding serum TNF-α level (p = 0:028). There is no correlation between
polymorphisms of −380G > A TNF-α gene and inhibitor development (p = 0:645). Conclusions. The prevalence of FVIII
inhibitor in severe PWHA in West Java, Indonesia, was 41.6%. The frequency of replacement therapy is a risk factor for
inhibitor development. Serum TNF-α level might be used to differentiate between high and low inhibitor levels in severe
hemophilia A, and this might support decision making regarding treatment options for inhibitor in severe hemophilia A.

1. Introduction

Hemophilia A, the most frequent hereditary bleeding disor-
der, is an X-linked bleeding disorder due to deficiency in
coagulation factor VIII (FVIII) that affects one individual

in 5.000–10.000 newborn males [1]. Iorio et al. reported
the prevalence (per 100.000 males) is 17.1 cases for all sever-
ities of hemophilia A [2]. Hemophilia A comprised 85% of
all types of hemophilia, and it is classified as mild (>5%-
40%), moderate (1%-5%), and severe (<1%) hemophilia A
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based on FVIII levels. Patients with hemophilia A (PWHA)
need FVIII replacement therapy to stop acute bleeding and
maintain hemostasis for their quality of life [1, 3].

The development of an immunogenic response that is
characterized by the appearance of alloantibodies called inhib-
itors against the therapeutic FVIII infused to the patient causes
its neutralizing effect of treatment [1, 4]. It is the most relevant
adverse event in hemophilia treatment and becomes a major
complication of the disease, especially in severe PWHA
[3–7]. FVIII inhibitors bind to functional epitopes that are
most commonly found in A2, C1, and C2 domains of the fac-
tor protein. This binding interferes with the function of
infused FVIII. FVIII inhibitors in PWHA are mainly immu-
noglobulin G (IgG) antibodies of the IgG1 and IgG4 subclass.
IgG4 antibodies predominate in patients with high-titer inhib-
itor (HTI) while IgG1 antibodies are more abundant in
patients with low-titer inhibitors (LTI) [7].

The prevalence of inhibitor FVIII in severe PWHA var-
ies from 25% to 30%, and it is less often in those with mild/-
moderate disease and involved multifactorial factors, such as
genetic and environmental factors [1, 5–7]. Previous studies
reported different results, and some studies found genetic
factors predominate in inhibitor development such as
genetic mutation, race/ethnicity, and immunological factors.
The type of mutation has been known to affect not only on
the degree of severity but also on the risk of inhibitor devel-
opment in PWHA [1, 6, 7]. Null mutations and large rear-
rangements of the factor VIII gene appear to confer a
higher risk of developing inhibitors compared with point
mutations and small insertions/deletions [7, 8]. Other
genetic risk factors include family history and genetic vari-
ants such as polymorphic immune regulatory gene [7].

Furthermore, individual immune response properties
may also affect a patient’s reaction to exogenous FVIII,
which include certain major histocompatibility complex
(MHC) class II system of cytokines and their polymor-
phisms [8]. Tumor necrosis factor α (TNF-α) is considered
an important cytokine with potent proinflammatory and
immunomodulatory functions associated with autoimmune
antibody-mediated diseases included in FVIII inhibitor

development. Some studies found polymorphisms of several
cytokine genes are risk factors for inhibitor development in
PWHA. The TNF-α −308GA polymorphism located in the
promoter regions is considered the most extensively studied
polymorphism with pathophysiologic effects [8, 9]. Environ-
mental factors, as potentially modifiable risk factors, includ-
ing age of first exposure (treatment), types of FVIII
replacement, frequency of therapy, and trauma/surgery were
associated with inhibitor development [7, 10]. It seems the
multiple genetic and environmental factors interact dynam-
ically in inhibitor development [7]. This study is aimed at
analyzing the risk factors of FVIII inhibitor development
in severe hemophilia A in the population of West Java,
Indonesia.

2. Materials and Methods

2.1. Patient Enrollment and Subject Collection. This cross-
sectional study included all PWHA (258 patients) who regis-
tered at West Java Hemophilia A Registry until 2016
(Figure 1). Patient demographic information, their current
FVIII level, and their severity of hemophilia classification
were collected from the database of West Java Indonesian
Hemophilia Society.

Written informed consent for participation in the study
was obtained from patients; and for those whose age is <12
years, the consent was obtained from their parents.

2.2. Ethical Approval. Ethical approval was obtained from
the Ethical Committee of Dr. Hasan Sadikin General Hospi-
tal/Faculty of Medicine, Universitas Padjadjaran, Bandung,
Indonesia. This study was conducted in accordance with
the principles of the Declaration of Helsinki.

2.3. Subjects’ Characteristics and Data Collection. The clini-
cal parameters of all subjects were assessed to determine
age, ethnicity, bleeding episode, age at first therapy, fre-
quency of therapy, and type of FVIII replacement therapy.
Data were obtained from patient’s medical records and the
Indonesian Hemophilia Registry branch of West Java. When

Total number of PWHA
in West Java
n = 258 

Mild Hemophilia A
n = 23 (8.9%)

Moderate Hemophilia A 
n = 19 (7.4%)

Severe Hemophilia A
n = 216 (83.7%) 

Inhibitor negative
n = 126 (58.3%)

Inhibitor positive
n = 90 (41.6%) 

High titer 
n = 45 (50%)

Low titer
n = 45 (50%)

Figure 1: Patient enrollment profile in the study.
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this study was conducted, all of the PWHA who classified as
severe hemophilia A were in healthy condition, and no signs
and symptoms of infection were detected. Peripheral venous
blood samples were collected, and a routine hematology test
was performed. They were reexamined for the F VIII level to
confirm the level regarding the research inclusion at the
same time with inhibitor and serum TNF-α level, also blood
sample for polymorphism of −308G > A TNF-α gene test.
FVIII and FVIII inhibitor levels were measured using Sys-
mex CS 2500, and serum TNF-α was measured using the
ELISA method (Cloud-Clone Corps, USA). Bethesda assay
was used to measure the presence of FVIII inhibitor. FVIII
level < 1% was classified as severe hemophilia A, inhibitor
level < 5 Bethesda unit (BU) was defined as low titer, and
inhibitor level ≥ 5 BU was defined as high titer. All of the
measurements were performed in the Clinical Pathology
Laboratory of Dr. Hasan Sadikin General Hospital.

2.4. Genotyping of c:−380G > A Polymorphism. To investi-
gate the polymorphisms of −308G > A TNF-α gene in sub-
jects, PCR and DNA sequencing were performed in the
Molecular Genetics Laboratory of Faculty of Medicine, Uni-
versitas Padjadjaran.

2.5. Statistical Analysis. Data analyses were performed using
SPSS software version 23. Nongenetic risk factor data,
including bleeding episode, age at first therapy, frequency
of therapy, and product type of VIII replacement therapy,
were evaluated using the Kolmogorov–Smirnov test and
chi-square test. There was an association between the pres-
ence of inhibitor and the serum TNF-α level and polymor-
phism of −308G > A TNF-α gene using independent t-test
or Mann–Whitney test. The correlation between serum
TNF-α level and inhibitors was stratified by bleeding epi-
sode, age of first therapy, and frequency of therapy using
the Mann–Whitney test. A p value of < 0.05 was considered
statistically significant.

3. Results

The data of 258 PWHA in West Java province were collected
from the registry: 216 (83.7%) severe PWHA, 19 (7.4%)
moderate PWHA, and 23 (8.9%) mild PWHA. Among the
216 severe PWHA, 90 (41.6%) patients expressed FVIII
inhibitor. The mean FVIII inhibitor level was 4.79 (2.00)
BU/mL with a range of 0.90-11.04BU/mL. Forty-five
patients with HTI had a mean value of 6.46 (1.24) BU/mL,
and its range was 5.04-11.04 BU/mL, whereas the mean of
other 45 patients with LTI was 3.13 (0.95) BU/mL with a
range of 0.90-4.96 BU/mL. Table 1 presents the nongenetic
(environmental) characteristics of severe PWHA with
inhibitor.

In this study, the median serum TNF-α level that widely
varies with a range of 6.5-302.5 pg/mL was 11.34 pg/mL.
Figure 2 shows the comparison between serum TNF-α levels
between two groups of inhibitors, and it is significantly dif-
ferent (p = 0:043). On the basis of Spearman’s correlation
analysis, there was no significant correlation between serum
TNF-α level and inhibitor (p = 0:140).

On the basis of the receiver operating characteristic
curve, the cutoff point of serum TNF-α level used as a pre-
dictor of HTI was 11.45 pg/mL (Figure 3).

In both LTI and HTI groups, bleeding episodes had a
higher median TNF-α level for frequency ≥ 2 times/month,
11.35 (range 8-302.5) pg/mL versus 12.81 (range 7.73-97.4)
pg/mL, respectively. TNF-α level based on age of the start
of therapy for <12 months had a higher median in the
HTI group than in the LTI group, 14.05 (range 10.03-18.8)
pg/mL versus 9.29 (range 8.56-15.9) pg/mL, respectively.
Likewise, TNF-α level for frequency ≥ 2 times/month in
FVIII frequency replacement therapy had a higher median
in the HTI group than in the LTI group, 13.10 (range
7.73–97.4) pg/mL versus 11.25 (range 8–302.5) pg/mL,
respectively. On the basis of two clinical variables, bleeding
episodes and age of the start of therapy, the correlation
between TNF-α level and FVIII inhibitor was not statistically
significant. Meanwhile, the correlation between TNF-α
levels in the HTI group was influenced by FVIII frequency
replacement therapy (p < 0:05) (Table 2).

The assessment of PCR and DNA sequencing polymor-
phism of −308G > A TNF-α gene was demonstrated in
Figure 4. The polymorphism location is marked by an arrow.
Normal genotype was shown in Figure 4(a), and polymor-
phism genotype is shown in Figure 4(b). In normal geno-
type, the peak curve was in (GG), whereas in
polymorphism genotype, it was in GA, which figures out
the location of polymorphisms of −308G > A TNF-α gene.

Furthermore, 85 subjects (94%) had normal genotype
(guanosine–guanosine (GG)), 43 (47.8%) subjects had LTI,
and 42 (46.7%) subjects had HTI. However, only 5 subjects
had polymorphism genotype (guanosine–adenine (GA)), 2
subjects with LTI, and 3 subjects with HTI (p = 0:645). On
the basis of an independent t-test, there was no significant
difference between polymorphisms of −308G > A TNF-α
gene and inhibitor (p = 0:645) (Table 3).

4. Discussion

West Java is the province with the biggest population in
Indonesia, including almost 18% of the total population
(46 million of 261 million inhabitants). In this study, the
prevalence of severe hemophilia A with inhibitor in West
Java was 41.6% with a range of inhibitor level being 0.9-
11.4 BU/mL. It is reported that the prevalence of inhibitor
development (from all over the world) might vary between
3.6% and 52% based on ethnicity [11]. A previous study that
published data in this regard from Indonesia with different
ethnicities showed almost the same result of 37.5% in Jakarta
and 37.9% in East Java, whereas the results from other
regions were not published [12, 13]. Study in Canada
reported that inhibitor severe PWHA was 25.9%, while other
studies in difference countries from Asian region reported
such as Saudi Arabia (29.3%), Japan (26.8%), Egypt
(18.2%), Jordan (14.5%), Taiwan (10.4%), India (9.6%),
and China (1.4%), respectively [14–21].

The incidence of inhibitor formation varies on the basis
of ethnicity with higher rates found among African-Ameri-
can, Latino, and Hispanic patients than among Caucasian
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patients [1, 11, 22]. In this study, almost 90% of the subjects
were Sundanese, as the major ethnic group in West Java
province. The association between this ethnic and inhibitor
development was not statistically significant. This shows that

inhibitor development is not associated with genetic back-
ground [1].

The subject’s ABO blood group distribution that devel-
oped LTI and HTI groups in this study mostly was A and

Table 1: Subjects’ characteristics.

No. Characteristics
Inhibitor FVIII (BU/mL)

Low titer (n = 45) High titer (n = 45)

1.

Age (years old)

Mean 10.31 11.66

SD 6.91 7.66

Range 1-31 1-35

2.

Father’s ethnicity

Sunda 33 (36.7%) 36 (40%)

Jawa 10 (11.1%) 7 (7.8)

Minang 1 (1.1%) 1 (1.1)

Aceh 1 (1.1%) 0

Batak 0 1 (1.1%)

3.

Mother’s ethnicity

Sunda 40 (44.5%) 41 (45.6%)

Jawa 4 (4.4%) 3 (3.3%)

Minang 1 (1.1%) 0

Batak 0 1 (1.1%)

4.

Blood group

A 19 (21.1%) 13 (14.4%)

B 13 (14.4%) 9 (10.0%)

AB 0 6 (6.8%)

O 13 (14.4%) 17 (18.9%)

5.

Bleeding manifestations location (joint-nonjoint)

Joint (hemarthrosis) 31 (34.5%) 33 (36.7%)

Muscle (hematoma) 2 (2.2%) 5 (5.5%)

Joint and muscle 11 (12.2%) 7 (7.8%)

Intracranial hemorrhage 1 (1.1%) 0

6.

Bleeding episode

<2 times/month 10 (11.1%) 8 (8.9%)

≥2 times/month 35 (38.9%) 37 (41.1%)

7.

Age of the start of therapy

<12 months old 6 (6.7%) 8 (8.9%)

≥12months old 39 (43.3%) 37 (41.1%)

8.

FVIII replacement therapy

Plasma-derived 26 (28.9%) 32 (35.6%)

Mixed (recombinant/cryocypitate) 19 (21.1%) 13 (14.4%)

9.

Frequency FVIII replacement therapy

<2 times/month 11 (12.2%) 11 (12.2%)

≥2 times/month 34 (37.8%) 34 (37.8%)

10.

Family history with hemophilia

Exist 29 (32.2%) 26 (28.9%)

None 16 (17.8%) 19 (21.1%)
∗p value for all variable was > 0.05.
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O (as seen in Table 1). Franchini et al. in their study reported
that, among 209 severe PWHA, 56 subjects (26.8%) devel-
oped inhibitors with 44 subjects (78.6%) among them having
HTI [23]. Franchini et al. stated that blood group O had a
45% reduced risk of synthesizing inhibitor against exoge-
nous FVIII and even reduced up to 60% for HTI rather than
nonblood group O. The underlying mechanisms might be
explained because of blood group type related to half-life

and clearance of circulating von Willebrand factor- (VWF-
) FVIII complex [23]. In plasma, FVIII had a tight noncova-
lent complex with VWF that is important for maintaining
appropriate plasma levels of FVIII. Individuals with non-O
blood type had VWF level 25% higher than individuals with
O blood type, and FVIII–VWF complex in O blood type
patients is cleared by low-density lipoprotein receptor-
related protein on macrophages more rapidly than in non-
O blood type patients. Therefore, FVIII half-life is shorter
in patients with hemophilia with O blood type. Additionally,
it could affect the endocytosis from dendritic cells and fol-
lowing immune effectors [24]. Other hypotheses also stated
that a cross-mimicry between FVIII molecule and ABO anti-
gens could be involved in FVIII inhibitor development [24].
These mechanisms still need further investigation. In this
study, no significant differences were observed between
blood group types.

Hemarthrosis was the most frequent bleeding location
developed in both LTI and HTI groups (34.5% versus
36.7%) but not statistically significant. In this study, another
frequent bleeding location that was a combination of hemar-
throsis- and hematomas-developed inhibitor. A previous
study stated that hemarthrosis is a typical bleeding manifes-
tation found in severe hemophilia, especially in patients
receiving no maintenance treatment or prophylactic FVIII
treatment [25]. Other previous studies also demonstrated
that there was an insignificant correlation between bleeding
type or location and inhibitor development [5, 25].

In severe hemophilia A, recurrent clinical and subclinical
joint bleeding episodes might occur all the time, gradually
leading to irreversible changes such as hemophilic arthropa-
thy (HA) [1, 25]. In spite of numerous studies, the patho-
physiology of HA has not been fully elucidated, especially
as regards immunopathological mechanisms which are asso-
ciated with the subclinical and early stage of the disease and
to be more precise, with chronic joint inflammation. Among
numerous compounds participating in the induction of an
inflammatory process in the pathogenesis of HA, cytokines
seem to play a leading role. The role of inflammatory and
anti-inflammatory cytokines in the pathogenesis of HA with
respect to cellular and intracellular signaling pathways is still
under investigation [6, 26]. The pathophysiological pro-
cesses occurring in a joint both in active bleeding episode
or silent bleeding due to severe deficiency of FVIII probably
highly mediated by interactions within the cytokine network
and other inflammatory mediators present in the tissues of
affected joint. The most important group controlling the dis-
ease seems to be well-known inflammatory cytokines,
including IL-1β, TNF-α, and IL-6. Inflammation and proin-
flammatory cytokines (e.g., TNF-α) might be involved in
this pathogenesis [27]. Both active bleeding episode or ongo-
ing silence bleeding due to severe deficiency of FVIII will
induce danger signals and release of inflammatory sub-
stance, such as TNF-ɑ in synovial fluid and circulation (sys-
temic). Zhang et al. reported a significant TNF-α
accumulation was found in the hemorrhagic tissues of the
injured knee and strong TNF-α gene upregulation observed
since day 3 up to 30 days after hemarthroses. Elevated TNF-
α level was found in the synovial fluid and plasma which
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TNF-α level in synovial fluids was 5.2-20 folds higher than
in plasma (p < 0:05) in PWHA [28].

Most patients reported experiencing inhibitors after ≥2
bleeding episodes. In this study, it did not differ significantly
between LTI and HTI groups (38.9% versus 41.1%). Saifudin
et al. also reported that bleeding episodes did not affect the
inhibitor development in severe PWHA [29]. In this study,
76 subjects developed an inhibitor when they started
replacement therapy at the age of >12 months with a nearly
similar proportion between LTI and HTI groups (p = 0:561).
This result is in line with a 25-year case–control study by
Maclean et al. in 2011, which showed that there was no cor-
relation between age of therapy and inhibitor development
[30]. Santagostino et al. in 2005 also found a similar result
in 108 PWHA [31]. However, other studies by Lorenzo
et al. have identified that the age of the start of therapy can
be a predictor of inhibitor risk [32].

Environmental factors that have been suggested to influ-
ence the risk of developing inhibitors include both treatment
related (i.e., type of product and dosing regimen) and
immune system activating risk factors (so-called “danger”
signals—a term that refers to the release of inflammatory
substances from damaged tissue) [33]. On-demand treat-
ment which gives FVIII replacement therapy during active
bleeding/bleeding episode should stimulate immune system
activating risk factors. It has been hypothesized that danger
signals generated during a bleed might have an adjuvant
effect on the immune response to FVIII in on-demand treat-
ment, increasing the inhibitor risk [27]. FVIII treatment in
relation to a bleed potentiates inhibitor development com-
pared to FVIII treatment alone in hemophilia A rat, indicat-
ing that bleeding is a potential danger signal. This results
support the theory that FVIII replacement therapy concur-
rent with a bleeding episode increases the inhibitor risk.
However, clinical studies indicate the danger signal effect,
where the immune response is activated by endogenous or
exogenous danger or damage signals present at the time

and site of FVIII administration. Alloantibodies neutralizing
the hemostatic effect of factor VIII develop in PWHA during
replacement therapy [33].

In Indonesia, all of the PWHA only received on-demand
replacement therapy with plasma-derived FVIII. Fifty-eight
subjects who received plasma-derived FVIII infusion devel-
oped more inhibitors, especially in HTI groups (32/58).
Furthermore, 32 subjects who received mixed therapy
(sometimes receiving recombinant or cryoprecipitate) devel-
oped lower level inhibitor (19/32) rather than a high-titer
inhibitor (13/32). However, these findings were not statisti-
cally correlated. Several previous studies concluded different
results. The study by Wight and Paisley and the CANAL
cohort study demonstrated that some plasma-derived FVIII
products may conclude a lower risk of inhibitor development
than recombinant FVIII in previously untreated patients
(PUPs) with severe hemophilia [6, 34]. A meta-analysis study
performed by Franchini in PUPs with severe hemophilia A
treated with plasma-derived versus recombinant FVIII con-
centrates did not support the hypothesis of a higher risk of
inhibitor development associated with the use of recombi-
nant FVIII products compared with those treated with
plasma-derived FVIII concentrates [35]. More recently, the
results of the Research of Determinants of Inhibitor Develop-
ment among PUPs with hemophilia study reported a similar
risk of inhibitor development in both products [36].

In this study, there was no significant association
between the frequency of replacement therapy and FVIII
inhibitor development (p = 1:000), but in further statistical
analysis, there was a correlation between the frequency of
therapy ≥ 2 times/month and the HTI level in high serum
TNF-α levels. The more the frequent exposure to FVIII
replacement therapy, the more the risk of FVIII antibody
formation, so it is a higher risk for FVIII inhibitor develop-
ment as reported by Maclean et al. in 2011 [30]. Neverthe-
less, some previous studies did not show the frequency of
therapy that has an impact on inhibitor development [5, 20].

Some studies stated that there was a correlation between
family history of hemophilia and inhibitor development,
whereas this study showed that there was no correlation
between history of hemophilia and inhibitor development
in hemophilia A [37, 38].

FVIII inhibitors are mainly the IgG, namely, IgG1 and
IgG4 subtype [7, 9]. Their development is a complex
immune process with multiple genetic and environmental
factors that interact dynamically. The ineffective activation
regulating CD4+ cells presumably play a role in the develop-
ment of FVIII inhibitor. The large protein from exogenous
FVIII gets fragmented in endocytic vesicle of antigen-
presenting cells and then binds to MHC class II molecules.
Then, T-cells recognize the antigen and complete T-cell acti-
vation through numbers of signals [39].

Some studies suggested that both cytokine patterns and
polymorphisms play crucial roles in inhibitor generation
[40]. TNF-α is a proinflammatory cytokine that has been
associated with antibody-mediated and other pathologies.
This study stated that serum TNF-α level was statistically
different between LTI and HTI groups (p = 0:043). The
development of inhibitory antibodies against exogenous
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Figure 4: Electropherogram of DNA sequencing polymorphisms
of −308G > A TNF-α. (a) Arrow indicates site of GG genotype
(homozygous wild type). (b) Arrow indicates site of AG genotype
(heterozygous).
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FVIII is usually considered a Th2 cell-induced immune
response, whereas TNF-α is primarily linked to Th1 cells.
However, the cytokine profile clearly indicates the formation
of inhibitors to be a mixed Th1 and Th2 cell response, which
further underscores the fact that the level of TNF-αmay also
modulate the immune response to the deficient factor in
PWHA [11]. It was suggested that Th1 cells serve as initia-
tors of the immune response to FVIII, with Th2 cells respon-
sible for a strong inhibitor production [41, 42]. Then,
Chaves et al. suggest that a more anti-inflammatory/regula-
tory environment may be responsible for significant inhibi-
tor generation. The global cytokine profile demonstrated in
peripheral blood leucocytes suggests a major anti-inflamma-
tory/regulatory pattern in PWHA with anti-FVIII inhibitors;
findings were confirmed by the in vitro stimuli with FVIII
[43]. In a recent paper by Qadura et al., it was suggested that
different genetic characteristics predispose to certain cyto-
kine responses, which themselves trigger individualized T-
helper cell responses [42].

In some autoimmune diseases, namely, inflammatory
bowel diseases and myasthenia gravis, there is an association
between polymorphism and increased levels of TNF-α.
Furthermore, the −308A allele has been associated with
increased constitutive and inducible transcription levels and
with increased production and secretion of TNF-α in patients
with autoimmune diseases and healthy controls compared
with the −308G allele [8]. Astermark et al. had reported the
association between genetic polymorphisms of TNF-α with
inhibitor development in PWHA [8]. Malmo International
Brother Study had characterized the causative factors of
FVIII mutation, HLA allele, and four polymorphisms in the
TNF-α gene (−827C > T, −308G > A, −238A > G, and 670A
> G) in 164 PWHA. Inhibitors were identified in 46.9% of
the patients with −308G/A heterozygote gene and implied
that −308G > A TNF-α gene polymorphism in Hap2 is a use-
ful marker in PWHA [8]. Pavlova et al. found that the A allele
of the −308C > A polymorphism in TNF-α was observed
with a higher frequency in the inhibitor cohort than in the
noninhibitor cohort that was more pronounced for the
homozygous A/A genotype [40]. These findings were quite
different from those of our study that found the polymor-
phisms of the −308G > A TNF-α gene was not statistically
associated with inhibitor development (p = 0:645).

Our studies showed that serum TNF-ɑ level correlated
with HTI. Nevertheless, the correlation between −380G > A
TNF-α polymorphism and inhibitor level was not statisti-
cally significant. It is assumed that the high level of serum
TNF-ɑ was not associated with role of the −380G > A
TNF-α gene polymorphism, or single polymorphism of
cytokine gene was not enough to influence the inhibitor

development. Difference characteristic related genetic (ethnic-
ity, race) background, meanwhile the inhibitor development
related to high serum TNF-ɑ level can be induced by other
inflammatory substance from damage tissue of the joint. Fur-
ther studies are required to reinforce these findings. Addition-
ally, there are still many factors that influence the FVIII
inhibitor development in severe hemophilia A. It seems that
genetic factors predominate in inhibitor development.

4.1. Limitations of This Study. Some of the limitations of the
current study could be noted. Because of the cost constraints
and limited facilities in this study, not all parameters related
to FVIII inhibitor development, such as FVIII gene mutation
type, other cytokine levels, and their polymorphisms, were
assessed. The levels of all parameters were measured once
(these could be the involvement of transient inhibitor), and
therefore, there were some factors affecting inhibitor devel-
opment, which could be missed. The biomarker of inflam-
mation was not measured.

5. Conclusions

The prevalence of inhibitors in severe PWHA in West Java,
Indonesia, was high. This study provides data on the poten-
tial of using serum TNF-α levels in differentiating between
high and low inhibitor levels in severe hemophilia A. This
finding seems to support decision making on the treatment
option of inhibitor in severe hemophilia A. Meanwhile, the
frequency of replacement therapy was significantly different
between low- and high-titer FVIII inhibitors regarding
serum TNF-α levels. It seems that genetic factors predomi-
nate in inhibitor development.
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