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Human antibodies specific for the A3-C1 domains 

ABSTRACT 

A well-known complication of factor VIII replacement therapy in patients with hemophilia 
A is the development of inhibitory antibodies. Several studies have demonstrated the presence 
of a binding site for factor VIII inhibitors in the A3 domain. We have isolated 6 different 
human monoclonal single-chain variable domain antibody fragments (scFv) directed toward 
the A3-C1 domains of factor VIII using phage display technology. Sequence analysis revealed 
that the VH domains of 2 scFv were encoded by germline gene segments from the VH1 gene 
family and 4 by germline gene segments belonging to the VH3 gene family. Epitope mapping 
of the scFv was performed using a series of hybrid factor VHI/factor V light chain fragments. 
This analysis revealed that 5 of 6 scFv were directed against a region encompassing amino 
acid sequence Gln'778-Asp1840 in the A3 domain, a previously identified binding site for factor 
VIII inhibitors. Only 2 of 5 scFv directed against amino acid sequence Gin -Asp 
inhibited the procoagulant activity of factor VIII. Our results define the properties of human 
antibodies directed against region Gln1778-Asp1840 in the A3 domain. Binding of one, 
noninhibitory scFv was independent of the region Glnl778-Asp1840, suggesting the presence of 
an additional binding site for anti-factor VIII antibodies in the A3-C1 domains of factor VIII. 

INTRODUCTION 

Hemophilia A is an X-linked bleeding disorder that is associated with a functional absence 
of factor VIII. Upon initiation of factor VIII replacement therapy, approximately 25% of 
patients with severe hemophilia A develop antibodies that neutralize the procoagulant activity 
of factor VIII.1 Based on internal sequence homology, factor VIII can be defined by the 
domain structure Al-a/-A2-a2-B-a5-A3-Cl-C2.2'3 The majority of factor VIII inhibitors is 
directed toward epitopes within the A2, C2, and A3-C1 domains of factor VIII.4 Within the 
A2 domain, the region Arg484-Ile508 has been identified as a major binding site for factor VIII 
inhibitors.5 In the C2 domain, amino acid residues Glu2181-Val2243 and Val2248-Ser2312 

constitute binding sites for factor VIII inhibitors.6'7 

The presence of an inhibitor binding site in the A3-C1 domains has been suggested by 
inhibitor neutralization experiments using factor VIII light chain (a3-A3-Cl-C2 domains) and 
isolated C2 domain.4-6 Epitope mapping using in vitro synthesized factor VIII fragments 
defined the epitope in the A3 domain to amino acid residues Gin -Met . Furthermore, a 
synthetic peptide corresponding to residues Lys1804-Val1819 competed for binding of factor 
VIII inhibitors to the light chain. This region harbors amino acid residues Glu -Lys 
which comprise a binding site for factor IXa.'° It was demonstrated that anti-A3 inhibitor IgG 
prevents factor IXa from binding to the factor VIII light chain.8'9 Recently, a region involved 
in the binding of factor VIII inhibitors has been localized to the acidic region a3, adjacent to 
the A3 domain." Replacement of the a3 region, comprising amino acid residues Glu 
Arg1689 of human factor VIII, for the corresponding porcine sequence yielded a functional 
factor VIII molecule that was less antigenic to factor VIII inhibitors. The binding site for von 
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Willebrand factor has been localized to the a3 region, which is released upon cleavage at 
position Arg1689 by thrombin.12"14 Inhibitory antibodies directed toward this region may 
prevent activation of factor VIII when complexed to von Willebrand factor. 

Recently, we have used phage display technology to isolate anti-A2 and anti-C2 antibodies 
from the immunoglobulin repertoires of patients with an inhibitor to factor VIII.15'16 Analysis 
of human anti-C2 antibodies revealed that their immunoglobulin heavy chain variable (VH) 
domains were exclusively encoded by VH gene segments derived from the VH 1 gene family. 
These findings suggest that only a subset of VH gene segments is used to generate human anti-
C2 antibodies. Molecular analysis of anti-A2 antibodies revealed that a single VH domain 
encoded by gene segment DP-10 is involved in assembly of a human antibody that binds to 
region Arg -He" in the A2 domain. Furthermore, an additional human antibody composed 
of a VH domain encoded by gene segment DP-47, bound to residues Asp712-Ala736 in the 
acidic region a2, a previously unidentified binding site for anti-factor VIII antibodies.16 

In the present study, phage display technology was used to further define the molecular 
characteristics of human antibodies reactive with the A3-CI domains of factor VIII. The 
majority of the isolated antibodies was directed toward amino acid sequence Gln'778-Asp1840 

of factor VIII. Our results indicate that different residues in this region are involved in the 
binding of the various scFv. One of the isolated scFv did not react with this region suggesting 
the presence of an additional binding site for anti-factor VIII antibodies in the A3-C1 domains 
of factor VIII. 

MATERIALS AND METHODS 

Materials 

DNA modification enzymes were purchased from Life Technologies (Breda, The 
Netherlands) and New England Biolabs (Beverly, MA). The Baculovirus expression system 
(Pharmingen, San Diego, CA) was used to produce recombinant factor VIII fragments in 
insect cells as described previously.17 Insect-XPRESS medium was purchased from 
BioWhittaker (Alkmaar, The Netherlands). Oligonucleotides, protein G Sepharose-4FF and 
protein A Sepharose CL-4B were purchased from Pharmacia-LKB (Woerden, The 
Netherlands). Plasma-derived factor VIII light chain was purified as described previously.18 

Thrombin-cleaved light chain was prepared as described previously.19 Monoclonal antibodies 
(mAbs) CLB-CAg A, 12, and 117 have been characterized previously 8"10; mAbs ESH4 and 
ESH8 were purchased from American Diagnostica Inc. (Greenwich, CT). 

Factor VIII assays 

Factor VIII activity was measured by a one-stage clotting assay20 Factor VIII inhibitor 
titers were measured using the Bethesda assay.21 Immunoprecipitation of metabolically 
labeled factor VIII fragments by anti-factor VIII IgG was performed essentially as described 
previously. Neutralization of factor VIII inhibitor activity by recombinant factor VIII 
fragments was performed as described.8 
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Construction of hybrid FVIII/FV light chain hybrids 

A series of hybrid factor VHI/factor V light chain expression vectors was constructed by 

overlap extension mutagenesis using vector pCLB-GP67-80K '7, encoding the light chain of 

factor VIII (amino acid residues Glu'^-Tyr2 3 3 2), and factor V cDNA as templates. Three 

hybrid constructs were made in which amino acids residues Arg -Lys (HV1803-1818), 

Gln'778-His1821 (HV1778-1821), or Lys1804-Asp1840 (HV1804-1840) were replaced for the 

corresponding sequence of factor V (Figure 2A). Expression of metabolically labeled factor 

VIII light chain hybrids in insect cells was performed as described.17 

Phage display library construction and selection 

In this study, peripheral blood mononuclear cells from a previously described inhibitor 

patient8 served as source of RNA for the construction of a phage display library essentially as 

described previously.15 The patient's IgG4-specific VH gene repertoire was cloned in the 

phagemid pHEN-1-VLrep22, which contained an immunoglobulin light chain variable (VL) 

gene repertoire of nonimmune origin. 

Phages were selected for binding to the factor VIII light chain essentially as described 

previously.1" In this study, microtiter wells (Dynatech, Plockingen, Germany) were 

immobilized with antibody CLB-CAg 117, which is directed toward the C2 domain of factor 

VIII.8 Wells were blocked with Tris-buffered saline (TBS, 150 mmol/L NaCl, 50 mmol/L 

Tris, pH 7.4), 3% (wt/vol) human serum albumin (HSA) for 2 hours at 37°C. Phages in TBS, 

3% HSA and 0.5% (vol/vol) Tween-20 were preincubated for 2 hours at room temperature in 

CLB-CAg 117-coated wells to reduce nonspecific binding. Subsequently, CLB-CAg 117-

coated wells were incubated for 2 hours at 37°C with 25 nmol/L plasma-derived factor VIII 

light chain in 1 mol/L NaCl, 50 mmol/L Tris, pH 7.4, 2% HSA, and blocked with HSA as 

outlined above. For specific binding of phages directed toward factor VIII light chain, these 

wells were incubated for 2 hours at room temperature with nonbound phages transferred from 

the preincubations. After washing with TBS/0.1% (vol/vol) Tween-20 and TBS (both 20 

times), bound phages were eluted with 100 mmol/L triethylamine and rescued using 

Escherichia coli TGI. The selection procedure was performed for a total of 3 rounds. 

Screening and sequencing of selected clones 

After the third round of selection, phages derived from 15 single infected colonies were 

tested for reactivity with factor VIII. The domain specificity was evaluated by testing 

reactivity of phages with factor VIII light chain and recombinant C2 fragment immobilized via 

antibody CLB-CAg 117.' Bound phages were detected by anti-M13 antibody peroxidase 

conjugate (Pharmacia-LKB, Woerden, The Netherlands).24 Sequences encoding the VH and 

VL domains were determined using the BigDye Terminator sequencing kit on an Applied 

Biosystems 377XL automated DNA sequencer (Foster City, CA). Genes were aligned with a 

database of germline V genes as compiled in the V-BASE sequence directory.25 
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Characterization ofscFv 
For production of single-chain variable domain antibody fragments (scFv), V genes were 

subcloned into the vector pUCl 19-Sfi/Not-His6 26, which introduces a carboxy-terminal His6 
tag in the scFv. Expression and purification of scFv was performed as described previously.27 

Purified scFv were analyzed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
and protein concentrations were measured spectrophotometrically at A280- Reactivity of scFv 
with hybrid factor VHI/factor V light chain fragments and C2 domain was evaluated by 
immunoprecipitation analysis. Immunoprecipitation of metabolically labeled factor VIII 
fragments by scFv/Ni-NTA agarose (Qiagen, Hilden, Germany) complexes was performed as 
described previously.15 

Reactivity of scFv with the region comprising amino acid residues Glu1 4 -Arg1689 of the 
factor VIII light chain was determined as follows. Factor VIII light chain and thrombin-
cleaved factor VIII light chain (0.4 nmol/L) were captured on antibody CLB-CAg 117-coated 
wells as described above. Wells were incubated with scFv (0-100 nmol/L) in TBS/2% HSA 
and 0.1% (vol/vol) Tween-20 for 2 hours at room temperature. Bound scFv were detected 
using peroxidase-labeled antibody 9E10. Antibody 9E10 is directed toward the scFv's 
carboxy-terminal myc-tag. 

RESULTS 

Characterization of anti-factor VIII antibodies in patient's plasma 
Previously, we have shown that amino acid residues Gln1778-Met1823 in the A3 domain 

constitute a binding site for factor VIII inhibitors. This initial characterization of factor VIII 
inhibitors was performed using a plasma sample with an inhibitor titer of 40 BU/mL of a 
patient with severe hemophilia A.8 Following treatment of the same patient with factor VIII 
inhibitor bypassing agent (FEIBA), the inhibitor titer increased to 200 BU/mL. In this study, 
we first evaluated the domain specificity of anti-factor VIII antibodies in the latter plasma 
sample. Immunoprecipitation analysis showed reactivity of antibodies with the factor VIII 
light chain as well as the C2 domain (Figure 1). To determine to what extent anti-C2 domain 
antibodies contribute to the inhibitor titer, an inhibitor neutralization assay was performed. 
Addition of factor VIII light chain completely neutralized factor VIII inhibitory activity, 
whereas 30% neutralization was achieved upon addition of C2 domain (data not shown). This 
suggests that the majority of factor VIII inhibitory antibodies is directed toward a region 
located outside the C2 domain. The patient's anti-factor VIII antibodies consisted 
predominantly of subclass IgG4 (data not shown). Therefore, a subclass specific 
oligonucleotide primer was used to selectively amplify the patient's IgG4-specific VH gene 
repertoire. Recombination of the IgG4-enriched VH gene repertoire with a nonimmune VL 
gene repertoire in pHEN-1-VLrep yielded a phage library of 1.9 x 107 clones. 
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Figure 1. Characterization of antibodies present in plasma of a patient with inhibitors to factor VIII. 
Binding of antibodies to radiolabeled recombinant factor VIII fragments corresponding to the factor VIII light 

chain and the C2 domain. Lanes 1 and 2, positive control (CLB-CAg 117); lanes 3 and 4, negative control 

(normal plasma); lanes 5 and 6, patient's plasma. Arrowheads indicate C2 domain (C2) and factor VIII light chain 

(LCh). Molecular weight markers (in kDa) are indicated at the right. 

Isolation and sequence analysis of antibodies directed toward the A3 domain of factor VIII 

After 3 rounds of selection the domain specificity of phages derived from 15 single clones 

was analyzed. All analyzed clones reacted with the factor VIII light chain but not with the C2 

domain (data not shown). Sequence analysis of these clones revealed the presence of 6 

different VH genes. The VH genes of clones KM37 and KM41 were derived from germline 

gene segments DP-14 and DP-15, respectively (Table 1), both belonging to the V H I gene 

family. The remaining 4 VH genes were derived from VH3 family gene segments; 2 from gene 

segment DP-49 (KM33 and KM38) and 2 from DP-77 (KM35 and KM36). The VH genes 

harbor 21 to 31 nucleotide substitutions compared to their nonmutated germline gene 

segments. This resulted in 9 to 18 amino acid replacements in the encoded VH domains. 

Deduced amino acid sequences of the VH domains are shown in Table 2. Both VH genes of 

clones KM35 and KM36, which are highly homologous, used gene segment JH3b for VDJ-

rearrangement. JH4b was identified as most homologous JH gene segment in clones KM38 and 

KM41 and JH6 in KM37. In the VH domain of KM33, no particular JH gene segment could be 

identified, possibly, as a consequence of extensive somatic hypermutation and/or N-addition 

and deletion at the junction between D and J gene segments. The presence of a particular D 

gene segment could only be established in clone KM37 in which gene segment D3-3 was 

rearranged. VL domains of clones KM35 and KM36 were encoded by germline gene segment 

DPL16, a member of the V^3 gene family. The other 4 VH domains paired with VL domains 

derived from different gene segments belonging to the VKI and VKIII gene families (Table 1). 
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Table 1. Most homologous germline gene segments used in A3-C1 specific scFv 

Clone 

KM37 

KM41 

KM33 

KM38 

KM35 

KM36 

Germline 

DP-14(1-18) 

DP-15(l-8) 

DP-49 (3-30) 

DP-49 (3-30) 

DP-77(3-21) 

DP-77(3-21) 

VH domain 

Family 

VH1 

VH1 

VH3 

V H 3 

V H 3 

V„3 

Substitutions 

nucl./a.a. 

22/13 

21/14 

21/10 

23/9 

31/18 

26/15 

VL domain 

Germline 

DPK8 (L8) 

DPK22 (A27) 

DPK3(L11) 

L12a(L12) 

DPL16(V2-13) 

DPL16(V2-13) 

Family 

VKI 

VJII 

VKI 

VKI 

V^3 

V,3 

Vu and VL germline gene use and nomenclature according to V-BASE." The number of different nucleotides 

(nucl.) and amino acids (a.a.) compared to the nonmutated germlines are indicated. 

Biochemical characterization of A3-CI-specific scFv 

For the expression of scFv, the different VH and VL genes were subcloned in the expression 

vector pUCl 19-Sfi/Not-His6.26 The capacity of each scFv to inhibit factor VIII procoagulant 

activity was evaluated in the Bethesda assay.21 Only scFv KM33 and KM41 inhibited factor 

VIII activity with inhibitor titers of 97 and 63 BU/mg, respectively. The other scFv did not 

inhibit factor VIII activity (titer < 5 BU/mg scFv). To define the domain specificity of the 

isolated scFv, their reactivity was evaluated by immunoprecipitation analysis using 

metabolically labeled factor VIII light chain and C2 domain. Expression of the factor VIII 

fragments was monitored by binding of scFv EL-14 (Figure 2B; lane 9), a previously 

described anti-C2 domain scFv.15 All scFv, except for a control scFv that was directed toward 

the A2 domain (Figure 2B; lane 8), reacted with the factor VIII light chain. None of the 

isolated scFv bound to the C2 domain, indicating that all 6 patient-derived scFv are directed 

toward an epitope in the A3-C1 domains (Figure 2B). 

The interaction of isolated scFv with the factor VIII light chain was explored in more detail 

by mutagenesis in the previously described binding site for anti-A3 antibodies.8'9 Three factor 

Vlll/factor V light chain hybrids were constructed that contained factor V replacements in the 

regions Arg1803-Lys1818 (HV1803-1818), Gln1778-His1821 (HV1778-1821), or Lysl804-Asp1840 

(HV1804-1840). Inspection of a three-dimensional model of the triplicated A domains of 

factor VIII revealed that the majority of the amino acids within amino acid sequence Gin17 -

Asp1840 are located at the surface of the A3 domain.29'30 

First, reactivity of antibody CLB-CAg A, which binding site has been localized to residues 

Lys1804-Lys1818 10, with the different hybrids was evaluated. As expected, CLB-CAg A did not 

recognize any of the hybrid factor Vlll/factor V fragments (Figure 2B, lane 10). In agreement 

with previous data these findings indicate that the epitope of CLB-CAg A is localized within 

region Arg1803-Lys1818. Similar to CLB-CAg A, one of the isolated scFv, KM41, did not react 
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Figure 2. Reactivity of isolated scFv with factor Vlll/factor V light chain hybrids. (A). Below a sequence 

alignment of factor VIII region Gln^-Asp'8 4 0 with the corresponding sequence of factor V, a schematic 

representation of the hybrid factor Vlll/factor V light chain fragments used in this study is depicted. The regions 

Argl803-Lys1818 (HV1803-1818), Glnl778-His1821 (HV1778-1821), and Lysl804-Asp1840 (HV1804-1840) in the 

factor VIII light chain which have been replaced for the corresponding factor V sequence are indicated as gray 

boxes. The acidic region a3, composed of residues Glulf"w-Arg"'8'', is indicated. (B) Binding of scFv to 

recombinant factor Vlll/factor V light chain hybrids was assessed by immunoprecipitation. Lane 1 (+), positive 

control (antibody CLB-CAg 117); lanes 2-7 (33, 35, 36, 37, 38, 41), scFv corresponding to clones KM33, 

KM35, KM36, KM37, KM38, and KM41; lane 8 (-), negative control (scFv directed toward the A2 domain of 

factor VIII); lane 9 (14), positive control (scFv EL-14, directed toward the C2 domain of factor VIII). lane 10 

(A), antibody CLB-CAg A. On the left the used factor VIII fragments are indicated. 

with the different hybrid fragments suggesting that the epitope of scFv KM41 is also 
contained within amino acid sequence Arg ~ -Lys (Figure 2B; lane 7). 

No reactivity of scFv KM35 and KM36 with hybrids HV1778-1821 and HV1804-1840 was 
observed, whereas both scFv readily react with hybrid HV1803-1818 (Figure 2B; lanes 3 and 
4). This points at an essential role for factor VIII residues surrounding sequence Arg 
Lys1818 in the binding of scFv KM35 and KM36 to the light chain of factor VIII. ScFv KM33 
and KM37 reacted with hybrid HV1803-1818, whereas binding of both scFv to HV1778-1821 
was reduced (Figure 2B; lanes 2 and 5). Virtually no binding of scFv KM33 and KM37 to 
HV 1804-1840 was observed, suggesting that residues within this region are essential for 
binding of these scFv to the A3 domain. 

All tested factor VIII light chain hybrids were bound to a similar extent by scFv KM38 
(Figure 2B, lane 6). Therefore, its epitope must be located outside the region Glnl778-Asp' . 
Recently, a binding site for factor VIII inhibitors has been assigned to amino acid residues 
Glul649-Arg1689 at the amino-terminus of the factor VIII light chain." Binding of KM38 to 
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thrombin-cleaved factor VIII light chain was evaluated. Upon thrombin cleavage at position 
Arg1689, the region Glu1649-Arg1689 is removed from the factor VIII light chain. In an enzyme-
linked immuno sorbent assay, scFv KM38 exhibited similar binding to factor VIII light chain 
and thrombin-cleaved factor VIII light chain (data not shown). These findings suggest that 
scFv KM38 recognizes an epitope elsewhere in the A3-C1 domains of factor VIII. 

DISCUSSION 

A significant portion of plasmas of patients with inhibitors to factor VIII are known to 
contain antibodies that bind to the A3-C1 domains.4'6 In the present study, 6 different human 
antibodies directed toward the A3-C1 domains were isolated from the immunoglobulin 
repertoire of a single patient. Previously, we have shown that the VH domains of anti-C2 
antibodies are encoded by germline gene segments derived from the VHI gene family.15 The 
results of this study suggest that unlike anti-C2 antibodies, anti-A3-Cl antibodies are 
composed of VH domains derived from germline gene segments of the VHI and VH3 gene 
families. 

Five of 6 scFv bound to amino acid sequences contained within the region Gln'778-Asp'840 

in the A3 domain. These findings confirm that this part of the A3 domain comprises a major 
binding site for factor VIII inhibitors.8'9 Within amino acid sequence Gln1778-Asp1840 an 
interactive site for factor IXa has been localized to amino acid residues Glul8"-Lys1818.10 

Binding of factor VIII inhibitors to this site in the A3 domain interferes with binding of factor 
IXa. ' Surprisingly, only 2 of 6 scFv described in this study effectively inhibited the 
procoagulant activity of factor VIII. In the following paragraphs, potential explanations for the 
different functional properties of the isolated scFv will be discussed. 

Binding of the inhibitory scFv KM41 is dependent on residues Arg1803-Lys1818, which 
contain a binding site for factor IXa. Previously, we have shown that monoclonal antibody 
CLB-CAg A binds to a synthetic peptide comprising these residues.10 Replacement of 
residues Arg -Lys by the corresponding sequence of factor V abolishes binding of CLB-
CAg A to the factor VIII light chain (Figure 2B). CLB-CAg A interferes with binding of 
factor IXa to the factor VIII light chain.18 In view of the similar epitope specificity of scFv 
KM41 and CLB-CAg A, it is likely that scFv KM41 competes with factor IXa for binding to 
the factor VIII light chain. 

Also scFv K.M33 inhibits the procoagulant activity of factor VIII, although its epitope is 
located outside region Arg1803-Lys1818 (Figure 2B). Binding of scFv KM33 is primarily 
affected by replacements in the carboxy-terminal part of sequence Gin1778-Asp1840. The 
epitope specificity of scFv KM33 is remarkably similar to that of scFv KM37, which does not 
inhibit factor VIII procoagulant activity. It should be noted that the VH domains of scFv 
KM33 and KM37 are derived from different VH gene segments, which may endow these scFv 
with different biochemical properties. Both scFv KM35 and K.M36 do not inhibit factor VIII 
procoagulant activity and binding of both scFv is dependent on residues contained within 
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regions surrounding Arg1803-Lys1818. The VH domains of these scFv differ at only 3 amino acid 
positions which may explain their similar epitope specificity. 

The lack of inhibition of factor VIII activity by scFv KM35, KM36, and KM37 may be 
explained by their low affinity for the factor VIII light chain in comparison to scFv KM33 and 
KM41. Due to their lower affinity for factor VIII, scFv KM35, KM36, and KM37 may not be 
able to efficiently compete for binding of factor IXa to the factor VIII light chain. This could 
potentially explain the scFv's inability to inhibit factor VIII procoagulant activity. 
Furthermore, we cannot exclude a modulating role of von Willebrand factor in determining 
the inhibitory capacity of scFv isolated in this study. We have assessed factor VIII inhibitory 
capacity in a Bethesda assay, which utilizes plasma as a source of factor VIII. Previous work 
from our laboratory revealed that von Willebrand factor inhibits binding of factor IXa to 
region Glnl778-Asp1840 in the factor VIII light chain.18 Similarly, von Willebrand factor 
complexed to factor VIII may shield antigenic sites within the same region thereby preventing 
binding of scFv KM35, KM36, and KM37 to factor VIII. This may provide an alternative 
explanation for the lack of inhibition of scFv directed against this part of the A3 domain. 

Inspection of the three-dimensional homology model of the A domains of factor VIII 
reveals that within region Gln'778-Asp1840, amino acid residues Tyr1792-Ala1834 are exposed.29 

The factor IXa binding site present within region Arg1803-Lys'818 is located at one site of this 
region, whereas regions Glnl778-Pro1802 and Val18l9-Asp1840 are in close contact but oriented 
away from residues Arg1803-Lys1818.30 Based on the diameter of an antigen binding site of 30 
A31, region Gln1778-Asp1840 can accommodate at least 2 separate binding sites for scFv. The 
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first binding site may overlap with residues Arg -Lys and antibodies directed against 
this site are likely to interfere with binding of factor IXa. The second binding site may be 
composed of residues derived from both regions Gln1778-Pro1802 and Val18l9-Asp1840. This 
hypothesis is compatible with our findings on the reactivity of scFv with the hybrid factor 
VHI/factor V light chain fragments. The inhibitory scFv KM41 and monoclonal antibody 
CLB-CAg A are targeted to the factor IXa binding site present within region Arg1803-Lys' ' . 
In contrast, binding of KM33, KM35, KM36, and KM37 to factor VIII is sensitive to 
replacement of amino acid sequences surrounding Arg -Lys . ScFv binding to this site 
may not necessarily interfere with factor VIII activity since most of these residues are not in 
close proximity of the factor IXa binding site at Glu1811-Lys1818. Because of the smaller size of 
scFv (30 kDa) compared to that of complete antibodies (150 kDa), we cannot exclude that a 
complete antibody molecule that binds to regions Gin17 -Pro and Val -Asp can 
interfere with factor VIII procoagulant activity. 

The epitope specificity of scFv KM38 clearly differs from that of the other scFv isolated in 
this study. Presumably, scFv KM38 corresponds to anti-factor VIII antibodies that recognize 
an additional epitope in the A3-C1 domains. ScFv KM38 is not directed against amino acid 
residues Glu1649-Arg1689, a recently described epitope for factor VIII inhibitors in the acidic 
region at the amino-terminus of the factor VIII light chain." Human antibodies directed 
against this region are often accompanied by inhibitory antibodies directed against other parts 
on factor VIII and are not present in plasma of all inhibitor patients. Most likely, antibodies 
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with this specificity are not sufficiently represented in the repertoire of the patient described in 
this study to allow for their isolation by phage display. Competition experiments revealed that 
the epitope of scFv KM38 overlaps with that of antibody CLB-CAg 12, a noninhibitory 
monoclonal antibody directed against the A3-C1 domains of factor VIII (data not shown). 
Only a single scFv that bound outside region Gln1778-Asp1840 has been found in this study, 
suggesting that human antibodies corresponding to scFv KM38 occur with a low frequency in 
the immunoglobulin repertoire of inhibitor patients. 
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