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INTRODUCTION 

Factor VIII, a key protein involved in blood coagulation, catalyzes the activation of factor 
X by factor IXa, a reaction which is dependent on the presence of phospholipids. The crucial 
role of factor VIII in hemostasis is illustrated by the bleeding disorder hemophilia A which is 
associated with a dysfunction or deficiency of factor VIII. The bleeding tendency in 
hemophilia A patients can be corrected by the administration of plasma-derived or 
recombinant factor VIII concentrates. In response to treatment, a substantial number of 
hemophilia A patients develop antibodies that neutralize the procoagulant activity of infused 
factor VIII.2 These neutralizing antibodies (factor VIII inhibitors) are directed toward well-
defined epitopes, which are predominantly located within the A2, A3, and C2 domains of the 
factor VIII molecule.3"7 Factor VIII inhibitors often consist of heterogeneous mixtures 
composed of antibodies directed against multiple epitopes in factor VIII.8 Functional studies 
have shown that the A2 and A3 domains contain interactive sites for factor IXa, whereas the 
C2 domain mediates binding of factor VIII to phospholipid membranes. Antibodies directed 
toward the A2 and A3 domains interfere with assembly of the factor Villa-factor IXa 
complex.6'7'9 Anti-C2 antibodies block the interaction of factor VIII with phospholipid 
surfaces and von Willebrand factor.10'" Complex formation between factor VIII and von 
Willebrand factor is required to protect factor VIII from proteolytic inactivation in the 
circulation. 

The studies described in this thesis aim to elucidate the primary structure of human 
antibodies that are involved in the immune response toward factor VIII. Phage display 
technology was employed to isolate human monoclonal antibodies from the immunoglobulin 
repertoires of patients with an inhibitor to factor VIII. Antibodies directed toward inhibitor 
binding sites located in the A2, A3, and the C2 domains of factor VIII were isolated and 
characterized. The studies performed provide insight into the heterogeneity of human anti-
factor VIII antibodies that develop as a consequence of replacement therapy in patients with 
hemophilia A. 

ANTI C2-ANTIBODIES 

In more than 80% of the plasmas of hemophilia A patients with inhibitors, antibodies 
directed against the C2 domain of factor VIII are observed.8 In Chapter 2, the isolation of anti-
C2 antibodies from the immunoglobulin repertoire of a nonhemophilic individual with an 
inhibitor to factor VIII is described. Acquired hemophilia is an exceptionally rare 
phenomenon that occurs with a frequency of approximately 1 case per million individuals per 
year.12 The epitope specificity of auto-antibodies to factor VIII displays remarkable 
resemblance with that of allo-antibodies occurring in congenital hemophilia A although the 
antibodies originate from different immunological settings. 

Factor VIII inhibitors are characterized by their predominance of subclass IgG4 that makes 
up about 5% of the total quantity of IgG circulating in normal plasma.1' This property was 
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taken into account by restricting the patient-derived phage display libraries to the 
immunoglobulin heavy chain variable (VH) repertoire of the IgG4 subclass. The IgG4-specific 
repertoires were combined with an immunoglobulin light chain variable (VL) repertoire of 
nonimmune origin in the phagemid pHEN-1-VLrep.' Using this approach, 13 different C2-
specific antibodies were isolated from the immunoglobulin repertoire of a patient with 
acquired hemophilia. Sequence analysis of these antibodies revealed some striking 
similarities. The VH domains of these antibodies were encoded by germline gene segments 
DP-10, DP-14, and DP-88, all belonging to the VH1 gene family. Furthermore, all the VH 

domains were composed of an unusually large third complementarity determining region 
(CDR3) of 20-23 amino acid residues compared to an average length of approximately 13.7 
amino acid residues for a CDR3.'5'16 Thus, VH domains of antibodies directed to the C2 
domain of factor VIII appear to be generated by a limited number of gene segments from the 
VHI gene family. 

A drawback of phage display technology is the loss of original VH/VL pairing as a 
consequence of randomly combining VH and VL genes during the library construction. In our 
studies we use a VL gene repertoire of nonimmune origin which may not correspond to the 
light chain repertoire of the patients described in this thesis. A previous study indicated that 
the light chain repertoire of 2 patients with SLE was similar to that of a normal individual.16 

Based on these findings we do not expect that the VL gene repertoire of hemophilia A patients 
differs significantly from that of the nonimmune repertoire used for the construction of our 
phage libraries. The majority of the VH domains of anti-C2 antibodies was found in 
combination with VL domains derived from the VKI, V^2, and V\i gene families (Table 1; 
Chapter 2, Table 2; Chapter 3). Different VL domains were found in combination with a single 
VH domain. These findings suggest that the properties of the isolated anti-C2 antibodies are 
predominantly determined by the VH domain. A prominent contribution of the VL domain in 
determining the epitope fine-specificity has been observed for anti-Rh(D) antibodies.17 We 
cannot exclude that VL domain also contributes to the properties of anti-factor VIII antibodies. 
In order to approach the original VH/VL pairing, the isolated VH genes can be recombined with 
the original VL gene repertoire derived from the corresponding patient. Although unlikely, it is 
possible that an uncommon VL domain determines the specificity of some anti-factor VIII 
antibodies. Since we have used a nonimmune VL gene repertoire for construction of the 
libraries, our approach does not allow for the isolation of these antibodies. 

Large, combinatorial libraries derived from unimmunized individuals have been used for 
the isolation of antibodies against various antigens.18 Anti-factor VIII antibodies have been 
isolated from a large synthetic library containing VH and VL repertoires with randomized 
CDR3 loops.19 Based on these findings it may be possible to isolate anti-factor VIII antibodies 
with a low frequency from the repertoire of normal individuals. 

Biochemical analysis revealed that the isolated anti-C2 antibodies, expressed as single-
chain variable antibody fragments (scFv), did not inhibit factor VIII activity. In contrast, they 
were able to alleviate the inhibitory activity of anti-C2 antibodies present in patient's plasma. 
Previously, another anti-C2 antibody (B02C11) was isolated from the B-cell repertoire of a 
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patient with an inhibitor, using Epstein Barr virus immortalization. Interestingly, the VH 
domain of the anti-C2 antibody B02C11 was encoded by a DP-5 germline gene segment, also 
from the VHI gene family. Besides the common VHI family origin, little homology was 
observed with the VH domains of the isolated anti-C2 scFv. Furthermore, unlike the scFv, the 
anti-C2 antibody B02C11 inhibits factor VIII activity by preventing factor VIII from binding 
to von Willebrand factor and phospholipid surfaces. This suggests that antibody B02C11 and 
the C2 domain specific scFv described in Chapter 2 belong to different classes of anti-C2 
antibodies. 

Additional scFv directed against the C2 domain were isolated from a library derived from 
the VH gene repertoire of a patient with mild hemophilia A, who developed an inhibitor to 
factor VIII (Chapter 3). The isolated clones were composed of VH domains that were either 
encoded by the DP-5 or DP-88 germline gene segment. Competition experiments with 2 
noncompetitive monoclonal antibodies revealed that clones consisting of a DP-5 and DP-88-
encoded VH domain are directed toward different antigenic sites in the C2 domain of factor 
VIII. Taken together, these results suggest the presence of 2 classes of antibodies directed 
toward the C2 domain of factor VIII. The VH domains of the first class of antibodies harbor a 
large CDR3 and are predominantly derived from germline gene segments DP-88 (Chapter 2 
and 3) as well as DP-10 and DP-14 (Chapter 2). The second class of anti-C2 antibodies is 
composed of VH domains that are exclusively encoded by germline gene segment DP-5 
(Chapter 3). The VH domain encoded by DP-5 is characterized by the presence of negatively 
charged amino acid residues in the CDR1 and CDR2 (Table 1A).21 Consequently, the amino 
acid sequence encoded by the DP-5 germline gene segment has a calculated isoelectric point 
(pi) of 4.84, whereas other germline gene segments encode for amino acid sequences with 
calculated average pi of 8.74 ± 1.06. Jacquemin and coworkers demonstrated that the anti-C2 
antibody B02C11 competes with negatively charged phospholipids for binding to the C2 
domain of factor VIII.20 Possibly, the DP-5 encoded VH domains of B02C11 and the anti-C2 
antibodies described in Chapter 3 bind to the C2 domain in a similar fashion as negatively 
charged phospholipids. 

To determine the contribution of the negatively charged residues to the antigen-binding site 
of an anti-C2 antibody (WRI), a model was generated based on the previously identified 
crystal structure of a homologous anti-tumor antibody (Figure 1). The CDR1 and CDR2 
encoded by the VH gene segment together with the hypervariable CDR3 constitute the heavy 
chain's contribution to the antigen-binding site. Molecular modeling of a VH domain encoded 
by a DP-5 gene segment reveals that the antigen-binding site of scFv WRI is composed of a 
surface of negatively charged residues (Figure 1). Recently, Pratt and coworkers, who reported 
the crystal structure of the C2 domain of factor VIII, observed a hydrophobic surface in the C2 
domain which was composed of 2 protruding P-hairpins." On top of the hydrophobic surface, 
a ring of several positively charged residues was identified. Based on these data a model for 
the C2 domain-phospholipid surface interaction was proposed. The hydrophobic loops are 
believed to penetrate the phospolipid membrane thereby allowing the ring of positively 
charged residues in the C2 domain to interact with the negatively charged phospholipid head 
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groups. In a similar fashion, the negatively charged residues in an anti-C2 antibody composed 
of a DP-5 encoded VH domain may interact with the surface exposed positively charged 
residues in the C2 domain. 

Figure 1. Model of an anti-C2 scFv composed of a V„ domain encoded by gene segment DP-5. The model 

of scFv WR1 was based on the crystal structure of antibody CTM01 (PDB entry 1AD9)25 using SWISS-

MODEL." " Antigen binding loops H1-H3 and L1-L3 forming the antigen-binding site are indicated as 

transparent solvent surface. Negatively charged residues in the antigen binding loops H1-H3 are visualized as 

"Ball and Stick"representation. Negatively charged residues were absent in antigen binding loops L1-L3. 

From both patients analyzed in Chapters 2 and 3, anti-C2 antibodies composed of VH 

domains encoded by germline gene segment DP-88 were isolated. In a number of healthy 
individuals a 80 kb insertion polymorphism is present in the human VH locus located at the 
telomeric region of chromosome 14.30 In approximately 50% of the Caucasian population, at 
least 1 copy of this insertion polymorphism has been identified.31 The gene insertion results in 
a gain of 4 VH gene segments of which 2 are functional. Interestingly, 1 of these functional 
gene segments is DP-88 which differs only 1 nucleotide from gene segment DP-10.21'32 

Isolation of anti-C2 antibodies composed of a DP-88-derived VH domain suggests the 
presence of this insertion polymorphism in the VH loci of both patients analyzed in Chapters 2 
and 3. It remains to be established whether hemophilia A patients who carry an "extra" DP-88 
gene segment as a consequence of this gene insertion, are more prone to develop anti-C2 
antibodies than patients who only carry the DP-10 alleles. 
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ANTI-A3-C1 ANTIBODIES 

The presence of anti-A3-Cl antibodies in the plasma of several patients with factor VIII 
inhibitors has been postulated from neutralization assays using factor VIII light chain (A3-C1-
C2 domains) and isolated C2 domain.3'8 Two groups have independently identified a binding 
site for these antibodies in the A3 domain of factor VIII.6'7 The inhibitor binding site in the A3 
domain overlaps residues Glu'8"-Lys' ' , which has previously been mapped as a binding site 
for factor IXa.33 

In a previous study, using in vitro synthesized factor VIII fragments, the binding site for 
anti-A3 antibodies has been localized to residues Glnl778-Met1823.6 Epitope mapping studies of 
scFv described in Chapter 4, revealed the presence of at least 2 binding sites within the region 
Gin1778-Asp1840. One binding site contained within residues Arg1803-Lys1818 overlaps with the 
factor IXa binding site whereas residues contained within regions Gin -Pro and Val 
Asp1840 contribute to the second binding site for factor VIII inhibitors. In agreement with the 
presence of binding sites for factor IXa and factor VIII inhibitors, the three-dimensional model 
for the A domains of factor VIII demonstrates that the region Gin1778-Asp1840 is largely 
contained within a surface exposed loop. 

Table 2. Sequence alignment of the A3 domain sequence Ala -Ala with 
corresponding sequences of other A domains 

1800 1810 1820 1830 

humFVIII A3 YEEDQRQGAEPRKNF-VKPNETKTYFWKVQHHMAPTKDEFDCKA 
porFVIII A3 YPDDQEQGAEPRHNF-VQPNETRTYFWKVQHHMAPTEDEFDCKA 
humFVIII A2 YSRRLPKGVKHLKDFPILPGEIFKYKWTVTVEDGPTKSDPRCLT 

490 500 510 520 530 

Sequence alignment of corresponding parts of the A2 and A3 domains of human factor VIII and the A3 domain 

of porcine factor VIII. Amino acid numbers correspond to the human factor VIII sequence. Sequence similarities 

are indicated in gray. 

The domain structure of factor VIII (Al-a/-A2-a2-B-aJ-A3-Cl-C2) is based on internal 
sequence homology between the individual A and C domains.36"38 Comparison of sequence 
Tyrl792-Ala1834 in the A3 domain with corresponding sequences of other A domains yields 
some interesting features (Table 2). Residues Tyr1792, Gly1799, Lys1804, Phe1806, Pro1809, 
Glu18", Tyr1815, Tip1817, and Val1819 contained within the A3-inhibitor binding site correspond 
to residues Tyr487, Gly494, Lys499, Phe501, Pro505, Glu507, Tyr511, Trp513, and Val515 in the A2 
domain of factor VIII (Table 2, Figure 2). Interestingly, residues Arg484-Ile508 in the A2 
domain harbor a binding site for factor VIII inhibitors as well.4 These data suggest that 
conserved structural regions in both the A2 and A3 domain are antigenic determinants for 
factor VIII inhibitors. Comparison of amino acid sequence Tyr'792-Ala1834 with the 
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Figure 2. Conserved residues in a three-dimensional model of the triplicated A domains of factor VIII. 
Factor VIII is depicted as a triplicated A domain model (the coordinates of the model were kindly provided by G. 

Kemball-Cook, Hemostasis Research Group, MRC, London. UK).14 The region Glnl778-Asp1840, identified as the 

binding site for anti-A3 scFv is indicated as transparent solvent surface. In the model, conserved residues in the 

A2 and A3 domain, which contribute to the binding sites of factor VIII inhibitors are indicated as "Ball and 

Stick" representation. 

corresponding sequence of porcine factor VIII reveals only 7 amino acid substitutions (Table 
2). Human-porcine hybrids have been successfully used for the localization of binding sites 
for factor VIII inhibitors in the A2 and C2 domain.4'5 Recently, a hybrid molecule has been 
constructed in which the A3 domain of human factor VIII has been replaced by the 
corresponding part of porcine factor VIII.39 Analysis of a large panel of inhibitor plasmas 
revealed that the porcine A3 domain was less antigenic to human factor VIII inhibitors. Our 
results indicate that residues Gln1778-Asp1840 comprise a major binding site for anti-A3 
antibodies. Nonconserved residues within this area of the human A3 domain are likely to 
contribute to binding of scFv described in Chapter 4. 

The epitope-specificity of 1 of the isolated scFv (K.M41) was identical to that of the murine 
monoclonal antibody CLB-CAg A. Analysis of the VH domains of KM41 and CLB-CAg A 
revealed some remarkable similarities. Although both antibodies are derived from different 
species, their antigen binding loops HI and H2 are highly homologous (Table IB). The 
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residues encompassing loop HI are conserved throughout members of the VH1 gene family. In 
contrast, the residues encompassing loop H2 of CLB-CAg A are only conserved in human VH 

domains encoded by gene segments DP-7, DP-8, and DP-15 that encodes for the VH domain 
of KM41 (Table 1A). In the CDR2 and FR3 of KM41 several residues have been substituted 
by somatic hypermutation by residues similar to those present in the amino acid sequence of 
antibody CLB-CAg A (Table IB). In contrast, limited homology in the CDR3 of both 
antibodies was observed. Together these data indicate that antibodies KM41 and CLB-CAg A 
not only react identically with a series of hybrid factor VIII molecules but also are composed 
of VH domains with similar sequence characteristics. It is tempting to speculate that conserved 
residues in the antigen binding loops of CLB-CAg A and KM41 are crucial for binding to 
residues Arg1803-Lys1818 in the A3 domain. 

ANTI-A2 ANTIBODIES 

Approximately 25% of the patients with severe hemophilia A develop an inhibitor, usually 
after 5-20 exposures to factor VIII. In contrast, inhibitor development in nonseverely affected 
hemophilia A patients is relatively rare.2 These latter patients are considered to develop 
tolerance to factor VIII through exposure to residual levels of endogenous factor VIII. 
However, certain missense mutations associated with mild or moderate hemophilia A may 
predispose for inhibitor development in this group of patients. The majority of these 
missense mutations is located in the CI and C2 domains. A second region harboring inhibitor-
associated missense mutations is located within the A2 domain of factor VIII. In Chapter 5 
and 6, inhibitor development in 2 patients containing an Arg593^Cys substitution in the A2 
domain was evaluated. 

Immunoprecipitation analysis revealed that antibodies present in plasma of a hemophilic 
twin were directed toward the A2 domain. Interestingly, these antibodies did not recognize an 
A2 domain harboring an Arg593—>Cys substitution, which corresponds to the patient's 
endogenous factor VIII. Initially, this patient presented with a high titer inhibitor (22 BU/mL) 
which coincided with a marked reduction of factor VIII levels in plasma. These data suggest 
that initially, antibodies directed against endogenous factor VIII were present. At a later stage 
of inhibitor development anti-factor VIII antibodies appear to be exclusively directed against 
exogenous (wild type) factor VIII. Presumably, over time the patient acquired tolerance to 
factor VIII for all but the foreign epitope containing amino acid residue Arg ". Using phage 
display a single scFv was isolated from the repertoire of the patient (data not shown). The 
scFv reacted with wild-type A2 domain as well as an A2 domain harboring an hxg —>Cys 
substitution indicating that this scFv does not represent the antibodies present in patient's 
plasma. In contrast, the scFv was not reactive with a hybrid A2 fragment in which the region 
Arg484-Ile508 was replaced for the corresponding sequence of factor V. Previously, amino acid 
residues Arg484-Ile508 were identified as binding site for the majority of the factor VIII 
inhibitors directed toward the A2 domain.4 Apparently, the isolated scFv corresponds to 
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antibodies directed toward residues Arg484-Ile508 that were present in the patient during the 
initial inhibitor response more than a decade earlier. 

Several patients with an Arg —>Cys substitution and an inhibitor have recently been 
described. In 1 of these patients, antibodies were observed with an epitope specificity 
dissimilar to that of the antibodies described in Chapter 5.4' Reactivity of the patient's 
antibodies was not affected by the Arg593—>Cys substitution. Epitope mapping revealed that 
these antibodies were directed toward region Arg484-Ile508. In Chapter 6, we described the 
characteristics of factor VIII inhibitors in another patient with the Arg593—>Cys mutation. 
Longitudinal analysis of factor VIII inhibitor development and epitope specificity revealed the 
presence of antibodies that reacted with the A2 domain independent of the Arg593—>Cys 
substitution. From the immunoglobulin repertoire of this patient 2 scFv were isolated. One of 
the scFv was directed toward amino acid residues Arg484-Ile508 that inhibited factor VIII 
activity. The second scFv was directed toward the acidic region a2, adjacent to the A2 domain 
(amino acid residues Asp7l2-Ala736). Binding sites for anti-factor VIII antibodies in the other 2 
acidic regions, located carboxy-terminal of the Al domain and amino-terminal of the A3 
domain, have been described previously.39'42 Interestingly, antibodies binding to these 2 sites 
inhibit factor VIII activity, whereas the newly isolated scFv did not inhibit factor VIII activity. 
This may explain why antibodies with this specificity have not been identified before. So far, 
anti-factor VIII antibodies have predominantly been studied in functional assays4'9'43 Several 
inhibitor-binding sites have been identified based on differential reactivity of inhibitory 
antibodies with human/porcine factor VIII hybrids. This approach does not allow for 
characterization of noninhibitory anti-factor VIII antibodies. Detection of such antibodies 
coexisting with inhibitory antibodies can only be achieved by immunoprecipitation or ELISA 
based methods. Alternatively, generation of human monoclonal antibodies directed against 
factor VIII either by EBV immortalization or phage display can be employed to isolate and 
characterize noninhibitory human monoclonal antibodies from the repertoire of inhibitor 
patients. 

Examination of the epitope specificity of factor VIII inhibitors in patients with mild 
hemophilia A suggests that some genetic defects may be related to inhibitor development (see 
Chapter 5 and 6). Besides factor VIII genotype other genetic factors are most likely involved 
in the initiation of the immune response to factor VIII (for review see Gill, 1999).44 Factor 
VIII inhibitory antibodies are predominantly composed of subclass IgG413, suggesting a T-cell 
dependent immune response. T-helper 2 (Th2) cells secrete interleukin (IL)-4 and IL-10, 
which are required for immunoglobulin isotype switching to Ig subclasses that do not bind 
complement such as IgE and IgG4. ~ Furthermore, the possibility to induce tolerance to factor 
VIII in patients with hemophilia A also suggests a role for T-cells in inhibitor development. 
Exposure to high doses of antigen may induce anergy or apoptosis of antigen specific Th2-
cells.46'47 Factor VHI-derived peptides presented by MHC class II molecules on an antigen-
presenting cell may induce a proliferative response of T-cells. The possible role of MHC 
genotype in inhibitor development has been subject of several studies48'49 In patients with 
severe hemophilia A no relation between HLA alleles and inhibitor formation could be 
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demonstrated. This is most likely caused by the lack of tolerance in these patients due to the 
absence of circulating factor VIII. Administration of factor VIII provides the immune system 
with a large number of potential T-cell epitopes that can give rise to an immune response 
virtually independent of the MHC class II context. The presence of a factor VIII molecule that 
is only partially altered such as in patients with mild or moderate hemophilia A, would restrict 
the number of possible T-cell epitopes and allow for definition of a role for MHC class II 
molecules in inhibitor development. 

Similar to the patient carrying the Arg593—>Cys substitution, antibodies discriminating 
between endogenous and administred factor VIII were observed in patients carrying an 
Arg2l50->His substitution in the CI domain of factor VIII.50'5' To investigate the role of 
mutation type and inhibitor development, the CD4+ helper T-cells of a patient carrying the 
Arg2150—>His substitution and an inhibitor were analyzed at the clonal level.52 Three T-cell 
clones recognizing factor VIII peptides presented by different MHC class II molecules were 
isolated. T-cell dependent stimulation relied on the presence of wild-type residue Arg2150 and 
not His2150 in the MHC class II presented factor VIII peptides. These data suggest a critical 
role for MHC class II molecules in the presentation of factor VHI-derived peptides to T-cells. 

From the immunoglobulin repertoires of 3 other patients 8 additional anti-A2 scFv were 
isolated. No direct experimental evidence regarding the epitope of these scFv was provided. 
Cross inhibition experiments revealed that all scFv bind to the same or overlapping epitopes 
and do not compete for binding to the A2 domain with an antibody directed toward residues 
Asp712-Ala736. Most likely, these scFv are directed against the region Arg484-Ile508, similar to 
the majority of the A2-inhibitors. Strikingly, none of the scFv inhibited factor VIII activity. 
Combined with the results obtained from the scFv isolated from 2 patients carrying the 
Arg593->Cys mutation this yields 11 anti-A2 scFv of which only 1 inhibited factor VIII 
activity. The binding sites of 2 scFv have been localized to region Arg484-Ile508. Possibly, as a 
result of their smaller size compared to complete antibodies, some scFv are unable to inhibit 
factor VIII activity. This hypothesis is supported by experiments using the murine monoclonal 
antibody 413, which is directed toward residues Arg484-Ile508. Its inhibitory activity was 
reduced by converting the complete antibody to smaller Fab fragments.53 Conversely, the 
inhibitor titer of the only inhibitory anti-A2 scFv was increased ~3-fold by crosslinking the 
scFv using an anti-scFv antibody (data not shown). 

The VH domains of the anti-A2 scFv show a large degree of diversity. The VH domain of 1 
scFv was encoded by gene segment DP-10 from the VH1 family. Gene segments DP-38, DP-
54, V3-15, and DP-47 (2 VH domains) of the VH3 family were identified as most homologous 
genes in 5 scFv. In the remaining 5 scFv, 2 VH domains were encoded by gene segment DP-73 
of the VH5 family and 3 by DP-74 of the VH6 family. Six of the 11 VL domains were encoded 
by gene segments from the VKI gene family and 5 from the V\3 gene family. Interestingly, 
these VL domains were all derived from germline gene segment DPL16. Collectively, these 
data indicate that antibodies directed to the A2 domain are heterogeneous with regard to VH 
gene use. 
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PERSPECTIVE 

The Chapters described in this thesis provide information on the characteristics of 
individual anti-factor VIII antibodies. In this respect phage display was an invaluable tool 
allowing the isolation and characterization of human antibodies directed against factor VIII. 
We were able to unveil some of the previously unknown molecular characteristics of anti-
factor VIII antibodies. The presence of 2 classes of anti-C2 antibodies directed toward distinct 
antigenic sites was demonstrated. One class of antibodies expressed as scFv did not inhibit 
factor VIII activity but conversely alleviated the factor VIII neutralizing effect of C2-
inhibitors. This property may be exploited as a new therapeutic option for treatment of 
hemophilia A patients with an inhibitor. Similarly, noninhibitory scFv directed toward the A2 
and A3 domain can potentially be used to mask antigenic sites in factor VIII. Alternatively, 
anti-factor VIII scFv can be used as a diagnostic tool to identify the presence of inhibitors in 
plasma. Detailed knowledge on the epitope specificity may ultimately result in the 
construction of factor VIII molecules with a decreased antigenicity, thereby preventing the 
formation of inhibitors in patients with hemophilia A. 
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