
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Properties of human antibodies to factor VIII defined by phage display

van den Brink, E.N.

Publication date
2000

Link to publication

Citation for published version (APA):
van den Brink, E. N. (2000). Properties of human antibodies to factor VIII defined by phage
display. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/properties-of-human-antibodies-to-factor-viii-defined-by-phage-display(5cc9ddbc-9a73-4e1b-a551-e6ca3bcf815b).html


CHAPTER 2 

Human antibodies with specificity for the C2 domain 
of factor VIII are derived from VH1 germline genes 

Edward N. van den Brink1'2, Ellen A.M. Turenhout1, Julian Davies3, Niels Bovenschen', 
Karin Fijnvandraat4, Willem H. Ouwehand3'5, Marjolein Peters4, and Jan Voorberg1'2 

'Department of Plasma Proteins, CLB, Amsterdam, The Netherlands, laboratory for 
Experimental and Clinical Immunology, Academic Medical Center, University of Amsterdam, 
Amsterdam, The Netherlands, department of Haematology, University of Cambridge, and 
National Blood Service, Cambridge, UK, department of Pediatrics, Emma Children's 
Hospital AMC, Amsterdam, The Netherlands and 'National Institute for Biological Standards 
and Control, Potters Bar, UK 

Blood. 2000;95:558-563 





Human antibodies with specificity for the C2 domain 

ABSTRACT 

A serious complication in hemophilia care is the development of factor VIII neutralizing 
antibodies (inhibitors). Here we have used V gene phage display technology to define human 
anti-factor VIII antibodies at the molecular level. The IgG4-specific variable heavy chain gene 
repertoire of a patient with acquired hemophilia was combined with a nonimmune variable 
light chain gene repertoire for display as single-chain variable domain antibody fragments 
(scFv) on filamentous phage. ScFv were selected by 4 rounds of panning on immobilized 
factor VIII light chain. Sequence analysis revealed that isolated scFv were characterized by VH 
domains encoded by germline genes DP-10, DP-14, and DP-88, all belonging to the VHI gene 
family. All clones displayed extensive hypermutation and were characterized by unusually 
long CDR3 sequences of 20 to 23 amino acids. Immunoprecipitation revealed that all scFv 
examined bound to the C2 domain of factor VIII. Furthermore, isolated scFv competed with 
an inhibitory murine monoclonal antibody for binding to the C2 domain. Even though scFv 
bound factor VIII with high affinity, they did not inhibit factor VIII activity. Interestingly, the 
addition of scFv diminished the inhibitory potential of patient-derived antibodies with C2 
domain specificity. These results suggest that the epitope of a significant portion of anti-C2 
domain antibodies overlaps with that of the scFv isolated in this study. 

INTRODUCTION 

Functional absence of blood coagulation factor VIII is associated with the X-linked 
bleeding disorder hemophilia A. The bleeding tendency in hemophilia A patients can be 
corrected by the administration of plasma-derived or recombinant factor VIII concentrates. 
After multiple transfusions, factor VIII neutralizing antibodies (factor VIII inhibitors) develop 
in approximately 25% of patients severely affected with hemophilia A.' Spontaneous 
development of factor VIII inhibitors in persons without hemophilia with normal factor VIII 
levels occurs with a frequency of 1 case per million persons per year.2 factor VIII inhibitors in 
both patient groups are associated with severe and sometimes life-threatening bleeding 
episodes. 

Most of the inhibitors are directed toward epitopes located within the A2, A3-C1, and C2 
domains of the factor VIII molecule. More detailed epitope mapping using a series of 
recombinant human/porcine factor VIII hybrids revealed that residues Arg484-Ile508 contain a 
major determinant of the inhibitory epitope in the A2 domain of factor VIII.4 Within the C2 
domain, it has been proposed that residues Val2248 through Ser2312 constitute a binding site for 
factor VIII inhibitors.5 Recent evidence suggests that residues Glu2181 - Val2243 contribute to 
the inhibitor epitope located in the C2 domain.6 A third inhibitor epitope has been localized to 
Gin1778 through Met1823 within the A3 domain.7'8 Studies on factor VIII inhibitors are 
complicated because of the heterogeneity of anti-factor VIII antibodies in patients' plasmas.3 V 
gene phage display technology provides an opportunity to isolate human monoclonal 
antibodies from the total immunoglobulin repertoire.9 Human immunoglobulin genes are 
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assembled early in B-cell ontogeny by random rearrangement of variable (V), diversity (D), 
and joining (J) gene segments on the heavy (H) chain locus and V and J on either of the light 
(L) chain loci.10 Insertion and deletion of nucleotides at the junctions of the V, D, and J gene 
segments create additional diversity. On antigen stimulation, somatic hypermutation and 
receptor editing finally result in the formation of a repertoire of high-affinity antibodies." In 
the current study, we used phage display to isolate anti-factor VIII light chain antibodies from 
a patient with acquired hemophilia. Our analysis indicates that antibodies with specificity for 
the C2 domain of factor VIII have a large CDR3 and are encoded by gene segments of the 
VHI family. 

MATERIALS AND METHODS 

Materials 
Plasma-derived factor VIII light chain was obtained from immuno-purified factor VIII 

concentrate.12 Anti-factor VIII murine monoclonal antibodies (mAbs) CLB-CAg A, 9, 12, and 
117 used in this study have been characterized previously' ' ; mAbs ESH4 and 8 were 
purchased from American Diagnostica (Greenwich, CT). Recombinant factor VIII fragments 
were expressed and metabolically labeled in insect cells using the Baculovirus system as 
described previously.7'14 Tag DNA polymerase and restriction enzymes were purchased from 
Life Technologies (Breda, The Netherlands). 

Patient's characteristics 
After abdominal surgery, a previously healthy 44-year-old female (AMC-174) had severe 

post-surgical hemorrhages. The level of factor VIII appeared to be < 1 %, and an inhibitor with 
a titer of 123 Bethesda units (BU)/mL was detected.15 Ten weeks later, the inhibitor titer 
reached a maximum value of approximately 1200 BU/mL. Plasma samples and peripheral 
blood mononuclear cells obtained at this time were used. Domain specificity and isotype of 
factor VIII inhibitors were determined by immunoprecipitation. ' Factor VIII inhibitor 
neutralization was performed essentially as described previously.7 

Phage display library construction 

Peripheral blood lymphocytes obtained by Ficoll density centrifugation were used to isolate 
RNA, which was then used for cDNA synthesis with random hexamer primers. VH genes were 
amplified using each of the family-based back primers9 in combination with an IgG constant 
region primer (5'-CTTGTCCACCTTGGTGTTGCTGGG-3'). The repertoire was reamplified 
with an IgG4 subclass-specific oligonucleotide primer (5'-ACGTTGCAGGTGTAGGTCTTC-
3'). Purified polymerase chain reaction products were subjected to a final round of 
amplification using a combination of family-based back primers, together with forward 
primers matching the different heavy chain joining (JH) germline genes; both primers were 
appended with Nco\ or Sail restriction sites, respectively.16 The IgG4-specific VH gene 
repertoire was cloned in the vector pHEN-1-VLrep, which already contained a VL gene 
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repertoire of nonimmune origin.17-1 The final repertoire was electroporated into Escherichia 

coli TGI as described.9 

Selection of phage library 

Recombinant phages obtained by infection of the library with VCSM-13 helper phage 

(Stratagene, La Jolla, CA) were selected for binding to the factor VIII light chain. A 

noninhibitory antibody specific for the light chain of factor VIII, mAb CLB-CAg 12, was 

immobilized onto microtiter wells (Dynatech, Plockingen, Germany) at a concentration of 5 

(ig/mL in 50 mmol/L NaHCC>3, pH 9.6. Wells were blocked with 3% human serum albumin 

(HSA) in Tris-buffered saline (TBS; 150 mmol/L NaCl, 50 mmol/L Tris, pH 7.4) for 2 hours 

at 37°C. Phage in TBS, 3% (wt/vol) HSA and 0.5% (vol/vol) Tween-20 were pre-absorbed to 

CLB-CAg 12 coated wells for 2 hours at room temperature. Subsequently, nonbound phages 

were transferred to microtiter wells containing factor VIII light chain (100 ng/well) captured 

by mAb CLB-CAg 12 in 1 mol/L NaCl, 50 mmol/L Tris, pH 7.4, 2% (wt/vol) HSA. 

Alternatively, phages were selected against factor VIII light chain coated at a concentration of 

2 )J.g/mL in 50 mmol/L NaHCÜ3, pH 9.6, overnight at 4°C in immunotubes (Nunc, Life 

Technologies, Breda, The Netherlands). After 20 washes with TBS/0.1% (vol/vol) Tween-20 

and 20 washes with TBS, bound phages were eluted with 100 mmol/L triethylamine and used 

to infect E. coli TGI cells. After each round of selection, phages from single-infected 

colonies were tested for binding to factor VIII light chain immobilized via mAb CLB-CAg 12. 

Binding of phages was monitored by incubation with horseradish peroxidase-conjugated anti-

Mi 3 antibody as described.19 DNA sequences encoding the VH and VL domains of factor VIII 

light chain-specific clones were determined on an Applied Biosystems 377XL automated 

DNA sequencer (Foster City, CA) using primers LMB3, fdSEQ9, and linkSEQ20 as 

described.21 Sequences were compared to germline V genes as compiled in the V-BASE 

sequence database. 

Characterization ofscFv 

To facilitate purification of scFv, V gene cassettes of factor VIII light chain-specific clones 

were subcloned in the expression vector pUC 119-Sfi/Not-His6 as NcoVNotl fragments.21 

Expression and purification of scFv by immobilized metal chelate-affinity chromatography 

was performed essentially as described previously.23 Eluted fractions were dialyzed against 

TBS and analyzed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE). Protein concentration was determined spectrophotometrically at A28o-

Immunoprecipitation analysis was performed as follows: metabolically labeled factor VIII 

fragments in immunoprecipitation buffer were pre-cleared by 2 successive incubations for 2 

hours at room temperature with Ni-NTA agarose (Qiagen, Hilden, Germany) and 1 incubation 

with Gelatin Sepharose 4B. Immunoprecipitation buffer consisted of 50 mmol/L Tris, pH 7.6, 

150 mmol/L NaCl, 20 mmol/L Imidazole, 1.2% (vol/vol) Triton X-100, 0,1% (vol/vol) 

Tween-20, 1% (wt/vol) bovine serum albumine, 10 ug/mL soybean trypsin inhibitor, 10 

mmol/L benzamidine and 5 mmol/L N-ethylmaleimide. Specific adsorption was performed by 
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incubating pre-cleared medium with pre-formed scFv/Ni-NTA complexes overnight at 4°C. 
After extensive washing with immunoprecipitation buffer, SDS sample buffer was added and 
samples were analyzed under reducing conditions by 20% (wt/vol) SDS-PAGE. 

Inhibitor neutralization by scFv 

Patient's plasma or inhibitory mAb were diluted to a final concentration of 2 BU/mL in 50 
mmol/L Tris, pH 7.3 and 0.2% (wt/vol) HSA. Serial dilutions of purified scFv were made in 
the same buffer. Diluted plasma or inhibitory mAb was incubated for 2 hours at 37°C with an 
equal volume of scFv and an equal volume of pooled normal plasma. Residual factor VIII 
activity was measured relative to a control sample that was incubated in the absence of factor 
VIII inhibitor in a one-stage clotting assay. 

RESULTS 

Inhibitor characteristics and library construction 

The domain specificity of anti-factor VIII antibodies in plasma of a patient with acquired 
hemophilia was evaluated by immunoprecipitation using metabolically labeled factor VIII 
fragments. Patient's antibodies reacted with recombinant factor VIII light chain (A3-C1-C2 
domains), A2, and C2 domains (Figure 1A). The extent to which each epitope contributed to 
factor VIII inhibition was determined by neutralization assays. Antibodies directed toward the 
A2 domain accounted for 50% of the factor VIII inhibitory activity. Addition of factor VIII 
light chain resulted in 50% inhibitor neutralization, whereas only 20% neutralization was 
observed after the addition of the C2 domain (data not shown). These results indicated that the 
patient's antibodies interacted with the A2, C2, and A3-C1 domains of factor VIII. Isotyping 
revealed a predominance of subclasses IgG2 and IgG4 for A2 domain-specific antibodies, 
whereas anti-factor VIII light chain antibodies consisted exclusively of subclass IgG4 (Figure 
IB). The IgG4-specific VH gene repertoire was used to construct a phage display library 
consisting of 2.5 x 10 clones. 

Isolation and sequence analysis of factor VIII specific clones 
Recombinant phages expressing the patient's IgG4-specific VH gene repertoire were 

selected on immobilized factor VIII light chain. After 4 rounds of panning, phages derived 
from 57 of 60 single-infected colonies displayed specificity for the factor VIII light chain as 
determined by enzyme-linked immunosorbent assay (data not shown). The nucleotide 
sequences of the VH and VL genes of factor VIII light chain-specific clones were determined 
and aligned to the most homologous germline genes in the V-BASE sequence directory.22 In 
total, 5 unique VH domains were identified that were encoded by VH genes most likely derived 
from germline genes DP-10, DP-14, and DP-88, all from the VH1 gene family (Table 1). Two 
VH domains (EL-16 and EL-25) were found in several clones in combination with different V_ 
domains. The deduced amino acid sequences of the VH domains are compiled in Table 2. The 
level of somatic mutation in factor VIII light chain-specific VH domains ranged from 11-16 
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Figure 1. Characterization of anti-factor VIII antibodies in the plasma of a patient. Binding of antibodies to 

metabolically labeled factor VIII fragments corresponding to the factor VIII heavy chain (HCh), the A2 domain 

(A2), the factor VIII light chain (LCh), and the C2 domain (C2) was evaluated by immunoprecipitation. (A) 

Reactivity of anti-factor VIII antibodies present in the patient's plasma, (lane 1, +) Positive control. mAb CLB-

CAg 9 for HCh and A2, mAb CLB-CAg 117 for LCh and C2. (lane 2, -) Control plasma, (lane 3, P) Antibodies 

in the patient's plasma. (B) Subclass typing of anti-factor VIII antibodies, (left panel, A2) Anti-A2 domain 

antibodies, (right panel, LCh) Factor VIII light chain-specific antibodies, (lane 1, +) Total IgG. (Lanes 2-5)M 

IgGl, IgG2, IgG3, IgG4. (lane 6, -) Control plasma. In the patient's plasma no anti-factor VIII antibodies of the 

IgM class could be detected (data not shown). Molecular weight markers are indicated at the right of the figures. 
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amino acid substitutions (18 - 27 nucleotide substitutions) when compared with the most 
homologous germline genes. It should be noted that VH domains of clones EL-5, EL-16, and 
EL-25 are all derived from germline DP-14 (Table 2). All have a similar CDR3 sequence and 
their patterns of somatic hypermutation suggest that the VH genes of clones EL-5, EL-16, and 
EL-25 originate from a common B-cell precursor. The length of the VH CDR3 (residues 95-
102) of the factor VIII light chain-specific VH domains ranges from 20-23 amino acids (Table 
2). In clones EL-5, EL-16, and EL-25 the rearranged JH segment, encoding the carboxy 
terminal part of the CDR3, was most homologous to gene segment Jnób. Clones EL-9 and 
EL-14 have been assembled using gene segment Jn3b. The 5 different VH domains identified 
paired with a variety of VL domains (Table 1). In total, we identified 13 unique VH - VL 
pairings, and in 7 of 13 the VL domain was encoded by a VKI family gene. Of the remaining 6, 
4 were DPL16 (V^3 family gene) derived and the other 2 were VJV and V^2 derived. Each 
unique VH - VL gene combination was subcloned and expressed as scFv using the prokaryotic 
expression vector pUCl 19-Sfi/Not-His6.21 

Table 1. Most homologous germline genes used in factor VIII light chain-specific clones 

VH domain VL domain 
Clone 
EL-5 
EL-9 
EL-14 
EL-16 

EL-25 

Germline 
DP-14 
DP-88 
DP-10 
DP-14 

DP-14 

Family 

VH1 
VH1 

VH1 
VH1 

VH1 

Germline 
L12a 
DPK8 

DPK5 
DPK5 
DPK8UI 

DPK24 
DPLll 
DPL16"11 

DPK7 
DPL16 

Family 

vKi 
VKI 
VJ 
VJ 
VJ 

VJV 
V^2 
Vx3 
VJ 

Vx3 

VH and VL germline gene use and nomenclature according to V-BASE.2' 

Factor VIII specificity of isolated scFv 
Five clones reacting with the factor VIII light chain were selected for further analysis 

(Table 2). E. coli TG1-expressed scFv were purified as described in Materials and methods. 
All 5 scFv showed specific binding to the factor VIII light chain, whereas scFv derived from a 
randomly picked control clone (04) did not react under our experimental conditions (data not 
shown). Within the factor VIII light chain, 2 dominant B-cell epitopes for inhibitory 
antibodies are located within the A3 and C2 domains.5"8 To investigate the domain specificity 
of the scFv, immunoprecipitations with metabolically labeled factor VIII light chain and C2 
domain were performed. ScFv EL-14 reacted with the radiolabeled factor VIII light chain and 

32 



Human antibodies with specificity for the C2 domain 

> 

••j 

•~ 
'•" 
n 

a. 

-
o 

T3 
0) 

-*-
O 

9 
Cf 

= 

•c 
o 
u 
= • c 
•~J 

P 
n 
S 

-c 
03 

-

CO 

> 
ra o 
X 

E-< W 

g 

.c 

.J > 

-^ CS o 
^3 o ?+ 

I * s; 
s ?. ^ 
u ;-*• SO 
t- Ov __ 
M L , 
•» H J 
S u w 
&> > 
& — 00 

8 I ° 
5 5 S 
30 " ' T — 
o --> 
c 

s 5$ 

0£ — • * 
• Ui r* 

8 < "J 

--
-> 

u 

— g 
t » 

n 

cd 
2£ 
C 

0 
E 

'h 

j -

i 
:u 
-
> 
i v i 

-t-

<* — 13 

X 

> 

ra <J — 

I £ 
_ 
b 
o o 

Pi 
Q 
J 
c o 

O 
o 
ca 

c 

> 

••c 
-T 

U 'T rv| 

g J j 
§• X -J 

r
u > > 

33 



Chapter 2 

C2 domain (Figure 2). Identical results were obtained for the other 4 scFv (data not shown). 
Preliminary experiments demonstrated that scFv were fully capable of competing for binding 
with the murine mAb CLB-CAg 117 to factor VIII. This C2 domain specific-antibody has 
previously been described as efficiently interfering with factor VIII activity.13 The ability of 
scFv to inhibit factor VIII procoagulant activity was compared to that of IgG purified from 
patient's plasma. Surprisingly, no inhibition of factor VIII procoagulant activity was observed 
for the scFv up to a concentration of 200 nmol/L (Figure 3). In contrast, the purified patient's 
IgG inhibited factor VIII activity with a specific activity of 160 BU/mg. 

kDa 

97 
68 

43 

29 

18 

Figure 2. Immunoprecipitation of metabolically labeled factor VIII light chain (LCh) and C2 domain (C2) 

by scFv. (lane 1, +) Positive control; mAb CLB-CAg 117. (lane 2, 14) scFv EL-14. (lane 3, -) Negative control; 

scFv 04. Molecular weight markers (in kDa) are given at the right of the figure. 

Inhibitor neutralizing capacity ofscFv 

The ability of scFv to interfere with factor VIII inhibitory activity of CLB-CAg 117, a C2 
domain-specific antibody, was tested. Adding increasing amounts of scFv EL-14 completely 
eliminated factor VIII inhibition by CLB-CAg 117 (Figure 4). In contrast, scFv EL-14 did not 
affect the inhibitory activity of CLB-CAg A, a monoclonal antibody directed against residues 
Lysl804-Lys1818 in the A3 domain of factor VIII.25 In addition, scFv EL-5, EL-9, EL-16, and 
EL-25 were capable of neutralizing the inhibition of factor VIII by CLB-CAg 117. Complete 
neutralization of CLB-CAg 117 was reached at concentrations of 100 - 400 nmol/L for these 
scFv. 

Similarly, we tested whether scFv could abrogate inhibition of factor VIII by the patient's 
purified IgG. First, the contribution of anti-C2 antibodies to the total factor VIII inhibitory 
activity of the patient's IgG was assessed. A recombinant C2 domain could neutralize 23 ± 5% 
of factor VIII inhibitory activity of the patient's IgG. The addition of scFv EL-14 resulted in 
similar levels of neutralization (23 ± 4%). The same results were obtained with the other 4 
scFv (data not shown). Simultaneously adding all scFv did not result in higher levels of 

LCh C2 

+ 14 - + 14 -
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neutralization. These findings suggested that the isolated scFv were capable of competing 
with the patient's C2-specific IgG for binding to factor VIII. 
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Figure 3. Functional characterization of isolated scFv. Various concentrations of purified patient's IgG (O, 

open circles) and scFv EL-14 (• , closed circles) were incubated with an equal volume normal plasma for 2 hours 

at 37°C. factor VIII activity, determined by a one-stage clotting assay, is depicted relative to a control incubation 

in the absence of IgG and scFv. Similar results were obtained for scFv EL-5, EL-9, EL-16, EL-25, and negative 

control scFv 04. 
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Figure 4. Inhibitor neutralization by isolated scFv. mAbs CLB-CAg A and CLB-CAg 117 were diluted to a 

concentration that corresponded to approximately 2 BU/mL. Increasing concentrations of scFv EL-14 were 

added, and the mixture was incubated for 2 hours at 37°C. Residual factor VIII activity was determined relative 

to a control sample that was incubated in the absence of mAb. CLB-CAg A (•, closed circles); CLB-CAg 117 

(O, open circles). 
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DISCUSSION 

Development of neutralizing antibodies to factor VIII constitutes a major complication in 
hemophilia care. Despite considerable insights into epitope specificity and mode of action of 
factor VIII inhibitors, limited information is available on the primary structure of human 
antibodies directed against factor VIII. In this study, we used V gene phage display to explore 
the properties of scFv with specificity for the factor VIII light chain. Thirteen scFv were 
isolated, all directed against the C2 domain of factor VIII. It should be noted that factor VIII 
inhibitors with A3-C1 specificity were detected in the patient's plasma. However we were 
unable to isolate scFv directed against the A3-C1 domains. During the selection procedure, 
potential binding sites in the A3-C1 domains may be masked by the methods employed for 
immobilization of factor VIII light chain. 

Sequence analysis revealed that heavy chains of these scFv were encoded by VH genes, 
most homologous to the germline gene segments DP-10, DP-14, and DP-88, all belonging to 
the VH1 gene family. The extensive hypermutation observed suggests that these factor VIII-
specific VH genes originate from antigen-stimulated B-cells.' Germline gene sequences DP-
10, DP-14, and DP-88 all encode an identical combination of loop conformations or canonical 
structures.26 Previously, using Epstein-Barr virus immortalization, a monoclonal IgG4K 
antibody (B02C11) was derived from the B-cell repertoire of a hemophilia A patient with an 
inhibitor.27 The heavy chain of this C2 domain-specific antibody was encoded by the gene 
segment DP-5, also belonging to the VHI gene family.27 These data suggest that factor VIII 
antibodies with C2 domain specificity preferentially use VH gene segments derived from the 
VH1 family. The scFv described in this study are derived from a single patient with acquired 
hemophilia. Further analysis of the VH gene use of additional C2-specific anti-factor VIII 
antibodies is required to substantiate our findings. In healthy individuals, the random 
rearrangement of V, D, and J-segments may generate autoreactive antibodies which will be 
deleted from the repertoire on encountering antigen." Therefore, high affinity autoreactive 
antibodies are unlikely to be isolated from the repertoire of healthy individuals. 
Consequently, we do not expect to find anti-C2 domain antibodies in the repertoire of a 
nonimmune donor similar to the ones described in this study. 

In this study we have used a nonimmune V. gene repertoire to assemble factor VIII-
specific scFv. VKI and V^3 gene segments primarily encoded the variable light chains 
identified in this study. Preferential use of the latter light chain genes cannot be explained by 
the limited diversity of the used VL gene repertoire because various antibodies with different 
light chains have been isolated from this VL gene library.9'17'18 

Factor VIII inhibitors with C2 specificity have been shown to inhibit factor VIII binding to 
von Willebrand factor, phospholipids, or both.27'29"31 Surprisingly, the scFv described in this 
study did not inhibit factor VIII activity (Figure 3). The smaller size of scFv, smaller than that 
of complete IgG antibodies (30 vs. 150 kDa), may explain the lack of factor VIII inhibition. 
Alternatively, the isolated scFv may correspond to noninhibitory antibodies present in a 
patient's plasma. We are currently constructing complete IgG4 molecules using the variable 
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domains of scFv. Functional analysis of these complete IgG4 molecules will reveal whether 
the variable heavy chain domains identified in this study are representative of either inhibitory 
or noninhibitory antibodies. Competition experiments revealed that scFv neutralize the 
inhibitory activity of mAb and human anti-factor VIII antibodies with 01 specificity, 
suggesting that the binding sites for the scFv are in proximity to the inhibitor epitope in the C2 
domain. 
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