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Hemophilia A, a congenital, severe bleeding disorder, is
caused by the absence or functional abnormality of factor
VIII (FVIII) that occurs with a frequency of about one in
5,000 boys. FVIII is produced in the liver, and minute
amounts of which (0.2 μg/ml plasma) ensure an efficient
coagulation. Abnormalities in the gene encoding FVIII lead
to the deficiency of FVIII or production of a functionally
defective molecule. Therefore, substituting the FVIII
molecule represents the treatment of choice during bleeding
incidences in hemophilia patients. Thus, most hemophilia
patients require regular supplementation with intravenously
administered recombinant or plasma-derived FVIII. About
25–40% of the hemophilia A patients who receive FVIII
develop antibodies against the infused FVIII. These anti-
FVIII alloantibodies are called “inhibitors.”

FVIII inhibitors neutralize the infused FVIII, thus
exposing the patients to an extremely precarious situation
and a serious challenge to the clinicians, as subsequent

treatment options become extremely limited. Immune
tolerance induction is the currently practiced approach to
eradicate inhibitors, to restore replacement FVIII pharma-
cokinetics, and to improve bleeding management and
thereby the quality of life. However, the exorbitant cost
involved in this therapy has a direct bearing on the
socioeconomic issues. With the emergence of the state-of-
the-art methods for elimination of contaminants and rapidly
improving production processes that have ensured the
safety of the products and the absence of contamination
with blood-borne agents such as HIV, hepatitis, and prions,
the risk of developing FVIII inhibitors poses a major and
almost the only most serious complication in the treatment
of hemophilia A patients. FVIII inhibitors have therefore
been subject to extensive investigation by several groups of
researchers over the last two decades. Although the basic
characteristics and the mode of action of inhibitors have
been well documented, issues on the nature of risk factors
that predispose a patient for the development of inhibitors
have remained a subject of debate. Designing appropriate
therapeutic strategies to prevent the emergence and to
eradicate the anti-FVIII antibodies is the most important
concern. A thorough knowledge on the predisposing factors
and a careful dissection of both cellular and molecular
events leading to the development of inhibitors are
important prerequisites in the conception of preventive
and therapeutic measures. With this perspective, in this
issue of Clinical Reviews in Allergy and Immunology, we
have gathered the current views from experts who have
contributed significantly on various aspects of FVIII
inhibitor development. The authors provide an in depth
assessment of diverse topics ranging from risk factors that
predispose the hemophilia patients for the development of
inhibitors to the conception of novel immunointervention
strategies to combat the occurrence of FVIII inhibitors.

Clinic Rev Allerg Immunol
DOI 10.1007/s12016-009-8121-6

S. V. Kaveri
Centre de Recherche des Cordeliers,
Université Pierre et Marie Curie - Paris6, UMR S 872,
Paris 75006, France

S. V. Kaveri
Université Paris Descartes, UMR S 872,
Paris 75006, France

S. V. Kaveri
INSERM, U872,
Paris 75006, France

S. V. Kaveri (*)
INSERM UMR S 872 Equipe 16 -
Centre de Recherche des Cordeliers,
15 rue de l’école de médecine,
Paris 75006, France
e-mail: Srini.Kaveri@crc.jussieu.fr



Ghosh and Shetty open the discussion on the risk factors:
patient-related genetic and nongenetic and also treatment-
related risk factors including FVIII gene mutation type,
ethnicity, family history of inhibitors, HLA haplotype,
polymorphisms in the immune response genes, and the type
and purity of coagulation factor concentrates used for
treatment, age at the time of first exposure, initial doses of
concentrate, mode of infusion, surgery, frequency of treat-
ment prior to inhibitor development, and intensity of
treatment or regular prophylaxis.

One of the means by which FVIII inhibitors neutralize
the function of FVIII is through steric hindrance of the
interaction of FVIII with a number of cofactors and
molecules of the coagulation, which are critical for an
efficient completion of the cascade. In this respect, it is
important to identify precisely the epitopes recognized by
anti-FVIII antibodies. Epitope mapping of inhibitors has
been the subject of intense research. Two leaders in the area
have summarized the current literature and their observa-
tions on epitope mapping: Lavigne-Lissalde and her
colleagues have presented the most recent findings on the
isotypes, kinetic properties, and mechanism of action of
anti-FVIII Abs [1]. The authors also describe a novel
approach that is likely to facilitate the monitoring of
changes in the epitope specificity FVIII inhibitors.

Detailed characterization of these B cell epitopes will
allow us to understand the importance of immunologically
critical surfaces on the FVIII molecule. The generation of
inhibitory antibodies by B cells requires signaling from T
lymphocytes that recognize FVIII-derived peptides when
antigen-presenting cells present these peptides in the
context of HLA class II molecules. A stable association of
peptide sequences of FVIII with HLA is a prerequisite for
the activation of T cells [2]. These peptide sequences are
termed “T-cell epitopes.” Pratt and Thompson discuss on
how characterization of MHC Class II tetramers that bind
FVIII-derived peptides is providing useful information in
the understanding of T-cell responses to FVIII.

In addition to steric hindrance, anti-FVIII antibodies
neutralize FVIII through an interesting mechanism involv-
ing active direct proteolytic hydrolysis of FVIII. Alloanti-
bodies from a significant number of patients possess
hydrolytic capacity. The molecular pattern of cleavage of
FVIII and the kinetics of hydrolysis have been thoroughly
investigated [3–5]. However, several interesting issues
concerning the origin of catalytic antibodies and their role
in the evolution of the pathological processes have
remained elusive. Wootla and colleagues provide several
plausible hypotheses to explain the emergence and role of
catalytic antibodies. Indeed, the emergence of not only
catalytic antibodies but that of inhibitors as such is not well
understood.

A rupture in immune tolerance towards FVIII due to the
absence of FVIII during the fetal life cannot fully explain
the immunogenicity of FVIII in hemophilia A patients since
all the patients do not mount an immune response against
the injected FVIII, thus opening an intense debate on a
number of questions pertaining to the immunological
events starting from the first encounter of the antigen
FVIII, culminating in the generation of anti-FVIII anti-
bodies by B lymphocytes. These interesting issues are
reviewed by André and his colleagues. Similarly, under-
standing the factors that dictate the formation of inhibitors
and how they can be controlled is vital to designing
strategies to intervene in the initiation of the immune
response or an ongoing immune reaction [6, 7]. Scott and
his colleagues provide an overview of the research aimed at
modulating the immune response against FVIII.

Intense investigation over the last two decades has helped
the identification of risk factors, understanding molecular
mechanisms of themechanisms of neutralizing action of FVIII
inhibitors and in providing pointers towards novel therapeutic
strategies. However, several issues regarding clinical and
regulatory guidelines have remained open. These questions
have been addressed by Tellier and her colleagues and should
have repercussions at the scientific and medical levels and,
thus, are of societal relevance.

We believe that the contents of this issue provide an
update on the research activities in the area of FVIII
inhibitors and stimulate further research towards the
conception of immunotherapeutic strategies to treat patients
with FVIII inhibitors. One central theme that we have not
directly addressed is the loss of tolerance and the
mechanisms associated with it. For this, we refer the reader
to several recent publications that deal with this concept,
including the genetic basis and the role of T regulatory cells
in both systemic and organ-specific disease [8–25].
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