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Molecular analysis of human anti-factor VIl antibodies by V gene phage display
identifies a new epitope in the acidic region following the A2 domain

Edward N. van den Brink, Ellen A. M. Turenhout, Christine M. C. Bank, Karin Fijnvandraat, Marjolein Peters, and Jan Voorberg

One of the major binding sites for factor factor VI inhibitors in the A2 domain. In addition, substitution of Tyr ~ 718.719.723 for
VIIl inhibitors is located within the A2 ScFv VK34 inhibited factor VIII activity Phe abrogated binding of VK41 to factor
domain. In this study, phage display with a titer of 280 BU/mg. The V. ydomain  VIII. ScFv VK41 did not inhibit factor VIII
technology was used to isolate 2 human of VK41 was encoded by germline gene activity. This study not only defines the
monoclonal antibodies, termed VK34 and segment DP-47. A phage corresponding primary structure of human anti-factor
VK41, directed toward the heavy chain of to VK41 competed with a monoclonal VIIlI antibodies reactive with the A2 do-
factor VIIl. The V  domain of a single- antibody for binding to amino acid resi- main, it also describes an antibody with
chain variable domain antibody fragment dues Asp "2-Ala736 in the acidic region an epitope not previously identified in the
(scFv) VK34 is encoded by germline gene adjacent to the A2 domain. Reactivity of antibody repertoire of hemophilia pa-
segment DP-10. Epitope-mapping studies VK41 with a factor VIl variant in which we tients with an inhibitor. (Blood. 2000;96:
revealed that scFv VK34 is directed replaced amino acid residues Asp 12—  540-545)

against amino acid residues Arg  484—|le5%8 = Ala736 for the corresponding region of

a previously identified binding site for heparin cofactor Il was strongly reduced. © 2000 by The American Society of Hematology
Introduction

Factor VIl is an essential cofactor in the intrinsic pathway of blood2 domain!?Anti-A2 inhibitors block the activation of factor X by
coagulation that enhances the activation of factor X by factor IXae phospholipid bound factor Villa—factor 1Xa complExRe-
in the presence of Ca ions and phospholipids. Based on internatently, it was shown that these antibodies abrogate the stimulatory
sequence homology, the factor VIII molecule can be defined by tagfect of isolated A2 domain on factor 1Xa activityThese data
domain structure Akl-A2-a2-B-a3-A3-C1-C2 (for review, see indicate that anti-A2 inhibitors prevent the interaction of the A2
Lenting et al)t In plasma, factor VIII circulates as a heterodimegomain with factor IXa.
composed of a heavy chain (Afl-A2-a2-B domains) and a light  previously, we have used phage display technology to isolate
chain @3-A3-C1-C2 domains). The functional absence of factogntj-c2 antibodies from the immunoglobulin repertoire of a patient
Vil is associated with the X-linked bleeding disorder hemophiligy;i, acquired hemophili&é Anti-C2 antibodies were characterized
A. In patients with hemophilia A, the bleeding tendency can bSy an unusually long CDR3 of 20-23 amino acids and extensive
corn_acted_ by t_he administratio_n of fac_tor VIl conggntrates. Aﬂe§omatic hypermutation. Surprisingly, the immunoglobulin heavy
;nnut:ggldeielsnmzlto::ijt ?z;;{;eetr?:tp;fgéz avggran':zrgt?\ﬁglg f';cfoi\’;:ﬁ%hain variable (};) domains of all these antibodies were encoded by
These antibodies, commonly termed factor VIII inhibitors, ar\e/H gene segments derived from thedgene family. These findings

. : ; . . t that t n mentsii t nerate human
directed against epitopes present in the A2, A3, and C2 domalnsscl)]]gges ata subset ofpgene segments is used to generate huma

factor VII1.2 More detailed mapping of anti-C2 antibodies reveale nti-C2 ant.|bod|es_. Here, vye hgve used phage display technology o
a common binding site consisting of residues%8-Se#*124 Using urther define antl-/.\2.ant|bod|es. The c_urrent stud_y deflnes the
a series of active human/porcine factor VIIl hybrids, a Secor{”&aolecular characteristics of a hu_ma_n a_nt_lbod)_/ rgactw_e with factor
determinant of the anti-C2 inhibitor epitope has been attributed \6” §equence Args4—|.le508, the major |nh|b|tor_b|nd|n_g site located
the region GI@#LVal22435 Anti-C2 inhibitors prevent factor Vi Within the A2 domain. Moreover, we provide evidence for the
from binding to phospholipids and von Willebrand factdifwo ~ €Xistence of an additional epitope for human anti-factor VIl
independent studies identified a binding site for factor VIl inhibi@ntibodies located between residues AspAla’*®in thea2 region.
tors in the A3 domain of factor VIII, which overlaps a previously
identified binding site for factor IX&1° Binding of these inhibitors
interferes with assembly of the factor IXa—factor Villa complex. Materials and methods
Within the A2 domain, residues At¢f—1le>8 have been shown
to constitute a binding site for factor VIII inhibito#$.Alanine
scanning mutagenesis within this region indicated that amino a@eA restriction enzymes aniaq DNA polymerase were purchased from
residue Ty#®7 is essential for binding most human inhibitors to the.ife Technologies (Breda, The Netherlands) and New England Biolabs
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(Beverly, MA). Pwo DNA polymerase was obtained from Boehringerusing the BigDye Terminator sequencing kit on a 377XL automated DNA
(Mannheim, Germany). Factor VIl heavy chain was purified from humasequencer (Applied Biosystems, Foster City, CA). Sequences were com-
plasma as describéfl.Factor VIII-del(868-1562) (hereafter designatedpared with a database of germline V genes as compiled in the V-BASE
rFVIII), a B domain-deleted factor VIII, has been described previddsty. sequence directofy.

rFVII-HCII residues Asp!2-Ala’36 of factor VIII were replaced by

residues I1B-Leu of heparin cofactor IF Construction of a factor VIl gxpression and purification of scFv

variant in which amino acid residues T3 Tyr’19 and Tyr2 were

replaced for Phe was performed by overlap extension mutagenesis usingfi@dacilitate the purification of scFv, a His-tag was introduced into the
previously described plasmid pCLB-dB695 as a templatgVIIl, rFVIll—-  expressed protein by subcloning the V gene cassettes into the vector
HCII, and rFVIII-Tyr’18719.723.pPhe were expressed in mouse C]_Z]Z)UCllg-Sﬁ/Not-HiS@.6 ScFv expression irE coli was induced with
fibroblasts and purified as describédvionoclonal antibody (mAb) CLB— isopropyl-D-thiogalactoside for 3 hours at 25°C. Purification of scFv by
CAg 9 has been characterized previoud8iynAb ESH5 was purchased from immobilized metal chelate affinity chromatography was performed as

American Diagnostica (Greenwich, CT). described previousk/. Eluted fractions were analyzed by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis under nonreducing conditions;
FVIIl assays protein concentrations were determined spectrophotometricallysgt A

Factor VIII activity was measured by a one stage clotting aSsBgctor

VIl inhibitor titers were measured using the Bethesda a3%ay. Characterization of isolated clones

Immunoprecipitation of metabolically labeled factor VIII fragments by
scFv was performed as described previodReactivity of phage derived
Plasmid pCLB-GP67B-A% and factor V cDNA served as templates for theffom the isolated clones with plasma-derived factor VIII heavy chain,
construction of a plasmid encoding the A2 domain and aBeregion Feécombinant A2 domain, factor VIl heavy chain, rEVIIL, rEVII-HCI, and
(residues S&F-Arg’49) in which residues Arf4-11e5%8 were replaced by [FVII-Tyr 1871%723-Phe was determined by enzyme-linked immunosor-
the corresponding sequence of coagulation factor V. Primer combinatidift @ssay (ELISA). Factor VIl antigen was immobilized at a concentra-
A2-1-484FV AS (3-TCT TCA TAA GGG ACA TCA GTG ATT CCG-3), tion of 1 nmol/L to ESH5-coated microtiter wells. Microtiter wells were
484FV S (TGA TGT CCC TTA TGA AGA TGA AGT, C-3-508FV AS  incubated for 2 hours at room temperature with recombinant phage in 500
(5'-TAT TTG AAT GTT TCC CCT GGT TGA AC-3), and 508FV S mmol/L NaCl, 50 mmol/L Tris, pH 7.4, 3% (wt/vol) HSA, and 0.5%
(5'-CAG GGG AAA CAT TCA AAT ATA AAT GG-3')-A2-2 were used to  (Vol/vol) Tween-20. Bound phages were detected by anti-M13 antibody
amplify 3 DNA fragments that were reassembled by overlap extensifigroxidase conjugafé. Experiments were performed in duplicate, and
polymerase chain reaction using outer primers A2-1 and A2-2 in a secoY@]ues were expressed as percentages of maximum binding.

round of amplificatior?? The final product was cloned ascd-Not
fragment in pAc-GP67B to yield pCLB-GP67B-A2-FV484-508. Expres-

sion in insect cells and labeling of recombinant factor Vil fragments waResults
performed as described previously.

Construction of a hybrid FVIII/FV recombinant A2 domain

Characterization of anti-factor VIII antibodies
Phage display library construction and selection in patient’s plasma

In this study, peripheral blood mpnonuclear cells were used as a squrcepcpéviously, we reported on the domain specificity of anti-factor
RNA for generation of the patient’s IgG4-specific;\gene repertoire \/||| antibodies in a patient (AMC-67) with mild hemophilia A
essentially as described previousli he obtained repertoire was combinedcaused by an AR§3—Cys substitutior#2 The patient had a transient
with a V| gene repertoire of nonimmune origin in pHEN-1-VLrep anqnhibitor with a maximum titer of 250 BU/mL. Plasma and

displayed as scFv on the surface of filamentous pRadthage were . .
selected for binding to the factor VIII heavy chain using the foIIowingDerlpheral blood mononuclear cells were isolated from blood

methods: microtiter wells were coated overnight at 4°C with 100 pL mAﬁampleS co!legte_d when t_he "_"h'b'_tor reaChe_d its peak value. Most
CLB-CAg 9 (35 nmol/L in 50 mmol/L NaHC§) pH 9.6). Subsequently, factor VI inhibitory antibodies in the patient's plasma were
wells were blocked with Tris-buffered saline (150 mmol/L NacCl, s¢directed against the A2 domain. Here, we evaluated binding of
mmol/L Tris, pH 7.4) and 3% (wt/vol) human serum albumin (HSA) for Zhese antibodies to a hybrid factor Vlll/factor V recombinant A2
hours at 37°C. To reduce nonspecific binding, phage in Tris-buffered salimmmain in which residues Afé-I1e3% were substituted for the
3% (wt/vol) HSA, and 0.5% (vol/vol) Tween-20 were preincubated for 2orresponding sequence of factor V. Inmunoprecipitation analysis
hours at room temperature in blocked CLB-CAg 9—coated microtiter wellgayealed that antibodies in the patient’s plasma did not react with
Meanwhile, CLB-CAg 9—coated microtiter WeII_s were incub_ated for A2-FV484-508 (Figure 1A). Subsequently, an inhibitor neutraliza-
hours at 37°C with human factor VIII heavy chain (16 nmol/L in 1 moI/Ltion assay using this fragment was performed. Limited neutraliza-

. 0 .
NaCl, 50 mm(.)m‘ Tris, pH 7.4, 2 A’ [wi/vol] HSA). Wells were blocked with tion was observed with the addition of A2-FV484-508, whereas the
HSA as outlined above and incubated for another 2 hours at room

temperature with nonbound phage, which were transferred from thﬁgldlomaln almost Completely n.eutrallzed factor VIII '”h'P'tory
preincubations. After intensive washing, bound phage were eluted af@tivity (Figure 1B). These findings suggest that approximately
rescued by reinfection dscherichia colTG124Alternatively, phage were 70% of the factor VIII inhibitory antibodies in the plasma of this
selected on factor VIII heavy chain (40 nmol/L in 50 mmol/L NaHgeH — patient are directed toward an epitope consisting of residues
9.6) immobilized to immunotubes (Maxisorp; Nunc, Breda, The NetheArg484-||e508,

lands), thereby allowing the selection of phage directed toward epitopes

blocked by antibody CLB—-CAg 9. The library was subjected to 3 rounds @fqation and sequence analysis of antibodies directed toward

selection using the 2 procedures outlined above. the factor VIII heavy chain

Screening and sequencing of selected clones V gene phage display was used to isolate human antibodies reactive

After 3 rounds, phages obtained from 20 single infected colonies of bo\fwth the factor VIIl heavy chain from the immunoglobulin

selections were tested for binding to the factor VIl heavy chain immobl€Pertoire of the patient. Isotyping revealed that the factor VIlI

lized to mAb ESHS. Bound phages were detected by anti-M13 antibofg@vy chain-specific antibodies in the patient's plasma consisted
peroxidase conjugate (Pharmacia-LKB, Woerden, The Netherlangs). predominantly of subclass IgG4 (data not shown). Therefore, a
and \{ genes of factor VIII heavy chain binding clones were sequenceslibclass-specific oligonucleotide primer was used for amplification
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Figure 1. Characterization of antibodies in patient plasma. (A) Binding of
antibodies to radiolabeled recombinant factor VIII fragments corresponding to the A2
domain (A2) and an A2 domain in which residues Arg*8*—1le5% were replaced for the
corresponding sequence of factor V (A2-FV484-508) was assessed by immunopre-
cipitation analysis. Lane 1, positive control (CLB-CAg 9); lane 2, negative control
(normal plasma); lane 3, plasma of patient AMC-67. Molecular weight markers (in kd)
are indicated at the right. (B) Neutralization of factor VIII inhibitory activity by
recombinant factor VIII fragments. Inhibitor plasma was diluted to a final concentra-
tion of 2 BU/mL, corresponding to 25% of residual factor VIII activity. Samples were
incubated for 2 hours at 37°C in the presence of increasing concentrations A2 domain
(®) and A2-FV484-508 (). After incubation for 1 additional hour at 37°C in the
presence of normal plasma, residual factor VIII activity was determined relative to a
sample that was incubated in the absence of an inhibitor.

of the patient's 1IgG4 }, gene repertoire. The IgG4-enricheg, V

gene repertoire was recombined with a nonimmune géne
repertoire in pHEN-1-Vlrep, resulting in a library of 19 10’
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Sequence analysis of these 26 factor VIII heavy chain reactive
clones revealed the presence of only 2 differeptdémains. Two
clones, VK34 and VK41, were selected for further study. The V
gene of clone VK34 was derived from germline gene segment
DP-10, belonging to the M1 gene family (Figure 2). Comparison
of the amino acid sequence of thg ¥egment of clone VK34 with
that of the nonmutated germline gene segment DP-10 revealed 8
differences. The CDRS3 of VK34 consists of only 5 amino acids.
Interestingly, residues At and Ard“, located adjacent to the
CDR3 and normally encoded by thg,\germline gene segment
DP-10, were replaced by GRand Le*. The amino acid sequence
of the 4 gene segment of clone VK41 differed at 13 positions from
that of the most homologous germline gene segment DP-47 of the
V3 family (Figure 2). The CDRS3 of VK41 comprises 12 amino
acid residues. JH gene segments involved in immunoglobulin VDJ
rearrangement in clones VK34 and VK41 were most homologous
to JH3b and JH6D, respectively. Use of a particular D gene segment
could not be ascertained. \Mdomains of VK34 and VK41 were
both derived from gene segment DPL16, a member of {3sgéne
family (Figure 2).

Biochemical characterization of VK34 and VK41

The inhibitory effect of antibody fragments of VK34 and VK41,
expressed as scFv i coli on factor VIII procoagulant activity,
was evaluated in the Bethesda assay. ScFv VK34 had an inhibitor
titer of 280 BU/mg. No inhibition of factor VIII activity was
observed in the presence of scFv VK41 (Figure 3). To define the
epitopes of VK34 and VK41, scFv were tested for reactivity with
different metabolically labeled A2 domain fragments by immuno-
precipitation. ScFv VK34 reacted with the recombinant A2 domain
(Figure 4; lane 3, left panel). A variant A2 domain, in which the
region Argf®4-11e>%8 was replaced for the corresponding sequence
of factor V, was not recognized by scFv VK34 (Figure 4; lane 3,
right panel). Thus, binding of VK34 is dependent on the presence
of Arg*84-11e%%8, a region previously identified as a major binding
site for factor VIII inhibitors in the A2 domain. Surprisingly,
neither recombinant A2 domain fragment was recognized by scFv
VK41 (Figure 4; lane 4). Therefore, the epitope specificity of clone
VK41 was examined using a different approach.

Selection of the library was performed using 2 different
methods. Phages corresponding to clone VK41 were exclusively
isolated from selection of the library using immunotubes coated
with factor VIII heavy chain. Selection of the library on plasma-
derived factor VIII heavy chain immobilized by mAb CLB—CAg 9
did not yield phages corresponding to clone VK41. The epitope of
antibody CLB—CAg 9 has been localized to amino acid residues
Asp’12-Ala’3618 These results suggest that the epitope of VK41
may overlap with residues A8P-Ala’6 which constitute the
epitope of CLB—CAg 9. Therefore, antibody CLB-CAg 9 was
tested for its ability to compete with VK41 for binding to the factor
VIIl heavy chain. Because scFv VK41 reacted poorly with
immobilized factor VIII heavy chain, phages corresponding to
VK34 and VK41 were used for these studies. Phages at a
concentration that corresponded to 75% of maximum binding were
mixed with serial dilutions of CLB-CAg 9 and incubated with
factor VIII heavy chain containing wells. Bound phages were

clones. To isolate anti-A2 antibodies, the library was selected fdetected as described in “Materials and methods.” Concentrations
binding to the factor VIII heavy chain. After the third round ofof 7 nmol/L CLB—CAg 9 were sufficient to reduce significantly the
selection, phages derived from 40 single clones were analyzed liénding of VK41 to immobilized factor VIII heavy chain (Figure
binding to the factor VIII heavy chain. Twenty-six of 40 clonescA). In contrast, the binding of clone VK34 to factor VIII heavy

reacted with factor VIII heavy chain (data not shown).

chain was not affected by the addition of CLB—CAg 9. These data
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Figure 2. Deduced protein sequences of isolated

scFv. Dashes indicate sequence identity to germline.
Sequence numbering is in accordance with that of Ka- <o s el i
bat.2® FR, framework region; CDR, complementarity-
determining region. Sequences are available from Gen-

Heavy chains

1 2 3 a B & 7 8 )
123456789012345678901234567850 12345 67890123456789 012a3456789012345 67890123456789012abc345678901234 567890abcdl2 34567690123

Bank Under aCCeSSIOn nUmbeI'S AF217789 (VH VK34) DE-10 QVQLVQOSGAEVKKPGSSVKVSCKASGGTFS SYAIS WVRQAPG! EWMG GIIPIF QG RVTITAL YYCAR
FE < 7 S D----Lm-@rrm e mn mmmmmma oo T-T--mmmmmm s EL DWFYI. .. ... WGQGTMVIVSS
AF217790 (VH VK41), AF217791 (VL VK34), and . ,; g ASGRTES STAMS TR £wvs AT YADSVKG RFTISRL vreax
VK41 e NF-v- -memmommommos B --G-RS-T-F------= rorecmeeoans Ve-E-s--o--oo- T----- GRGGYKYYGMDY WGQGTTVIVSS
AF217792 (VL VKA41).
Light chains
FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

2 3 8 ]
1234567891234567890123 45678901abc234 567890123456789 clabcde23455 75901234567sab90123¢567590123¢5575 9012345abed67 8901234567
DPL16  SSELTQDPAVSVALGQTVRITC QG-DS-LRSY-YAS WYQQKFGQAPVLVIY GK- === - NNRPS GI. -NTASLTITG
VK34 B e e RiEECE L LR T AR T PP PP D Rl GREE TS PHWV FGGGTKLTVL
VK41 QYoo Dooo s R L——M— R el s———NR—T .RWV FGGGTKLTVL

indicate that the epitope of VK41 is located within or close to a regicend VK41) reactive with the factor VIII heavy chain were isolated.
bounded by residues ABB-Ala’8. Previously, we described a variantEpitope mapping revealed that clone VK34 was directed toward the
factor VIl in which amino acid residues A8-Ala’*%were replaced by amino acid residues Af&*-I1e°8 in the A2 domain. Antibodies
lle5-Lew of heparin cofactor Il. This variant, termed rFVIII-HCII, directed toward this region account for most factor VIII inhibitory
was not recognized by antibody CLB—-CA& herefore, the reactivity activity in the patient’s plasma (Figure 1B). Furthermore, our study
of phages corresponding to VK34 and VK41 with rFVIII-HCII wasprovides evidence for an additional binding site for anti-factor VIII
evaluated. Phages corresponding to VK41 readily bound to rFVIdntibodies in the2 region, which comprises amino acid residues
whereas binding to rFVIII-HCII was strongly reduced (Figure 5B)Asp’t2-Ala’36, So far, anti-A2 antibodies are predominantly di-
Within region Asp!2-Ala’36, 3 tyrosine residues are present that areected toward a major binding site that has been attributed to the
posttranslationally modified by tyrosine sulfatie investigated the region Arg84-11e50811.1214Anti-A2 inhibitors have been studied in
binding of VK41 to a factor VIII variant in which Ty#8 Tyr’1% and functional assays, which only detect inhibitory anti-factor VIII
Tyr’2 were replaced by Phe (rFVII-T§#719723-Phe). Only limited antibodies'!1? Because scFv VK41 does not inhibit factor VIII
reactivity of VK41 with rFVIII-Tyr718719.723pPhe was observed (Figure activity, antibodies in patient plasma corresponding to VK41 may
5B). Our data suggested that Ty Tyr’’®, and Tyrf?® are part of a have escaped detection using these assays. This may explain why
previously unidentified binding site for human anti-factor VIII antibodamino acid region Asp>Ala’3¢ has not been identified previously
ies in the acidic region adjoining the A2 domain. as a binding site for anti-factor VIII antibodies. Alternatively, the
plasma concentration of IgG corresponding to VK41 may be low in
patients with an inhibitor. Competition experiments indicated that
Discussion IgG in the patient’s plasma was able to compete for binding to
factor VIII heavy chain by scFv VK41 (data not shown). These
Epitope mapping studies revealed that a significant portion fidings suggest that IgG corresponding to VK41 is present in
factor VIl inhibitors binds to the A2 domain of factor VIHWithin  significant amounts in the plasma of patient AMC-67.
the A2 domain, residues Atéf11e5%8 constitute a major determi- VK41 did not bind to a recombinant A2 fragment comprising
nant of the epitope of factor VIII inhibitors:12 In this study, we residues S&f*Arg’4%in an immunoprecipitation assay, whereas it
selected a phage display library of the IgG4-restrictedgéne
repertoire derived from a patient with anti-A2 inhibitor for binding
to the heavy chain of factor VIII. Two different antibodies (VK34
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scFv (nm) Figure 4. Immunoprecipitation of variant A2 domain fragments by isolated
scFv. Binding of scFv to recombinant A2 domain and A2-FV484-508 was assessed
Figure 3. Inhibition of factor VIII activity in the 1-stage clotting assay. ScFv VK34 by immunoprecipitation. Lane 1, positive control (mAb CLB-CAg 9); lane 2, negative

(@) and VK41 (0O) were tested for factor VIII inhibitory activity according to the  control (normal plasma); lane 3, scFv VK34, lane 4, scFv VK41; lane 5, scFv EL-14,
Bethesda assay.?® Factor VIII activity is given in percentages relative to a control directed toward the C2 domain of factor VIII. Molecular weight markers (in kd) are
sample incubated in the absence of scFv. indicated at the right.
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Some inhibitor plasmas contain antibodies directed towarcéihe
100 1 region of factor VIII331 Recently, the acidic regiom3, the
amino-terminal of the A3 domain, has been identified as a binding
site for factor VIII inhibitors3? The presence of cleavage sites for
75 1 thrombin and factor Xa at the borders of acidic regions adjacent to
the A1, A2, and A3 domains indicates that these areas are exposed
in factor VIII. This may explain the presence of binding sites for
anti-factor VIIl antibodies in the acidic regioiad, a2, anda3.

Factor VIII inhibitors directed toward the A2 domain are
characterized by their restricted epitope specificity, suggesting that
a limited number of Y, genes participates in the assembly of
antibodies that recognize At§-11e°%8 It is of note that only a
0 : : : single clone reactive with region Af%—I1e>%¢ was isolated from

the patient’s repertoire. Clonal expansion of a single-memory B
0.001 0.01 0.1 1 10 cell may be a particular feature of the patient analyzed. Isolation of
CLB-CAg 9 (nm) anti-A2 antibodies from other patients should reveal whether a
restricted number of Ygermline genes encode for thg Womains
O VK34 g VK41 in finti-f’-\z antibodies. Recently,_ we have_ shown that a_nti-C2
antibodies are composed of multiple,\domains that are derived
) from germline genes of the M family.l> Interestingly, the
domain of clone VK34 is encoded by germline gene segment
DP-10 of the \{;1 gene family. Similar to VK34, the ydomain of
the C2-specific scFv EL-14 was encoded by the DP-10 germline
gene segment. In the human repertoire, the DP-10 germline gene
segment is rearranged in less than 5% of the IgG-positive BEells.
No cross-reactivity of scFv VK34 with the C2 domain (data not
shown) or of scFv EL-14 with the A2 domain (Figure 4) was
observed. The composition of the CDR3 may contribute to the
differences in epitope specificity observed for VK34 and EL-14.
The Vy domain of VK34 is characterized by an extremely short
: : % : @_ CDR3 of only 5 amino acid residues, whereas the average length of
a CDR3 s approximately 12 residu&dn contrast, EL-14 contains
pdFVII rEVIIl HCII Y718, an unusually large CDR3 of 21 amino acidg he V; domains of
HCh 719, scFv VK34 and EL-14 displayed extensive somatic hypermutation,
723F indicating that the \ genes are derived from antigen-stimulated B
Antigen cells. For clones VK34 and EL-14, no homology in the patterns of
Figure 5. Epitope mapping of clone VK41.  (A) Competition for binding to the heavy gomanc hypermu,tatlon were observed (data_ not ShOWﬂ). Ir_‘ addi-
chain of factor VIII of phages corresponding to VK34 (@) and VK41 (0) with mab  tion, the \{ domains of VK34 and EL-14, which may potentially
CLB-CAg 9. Binding is expressed as a percentage of maximal binding. (B) Reactivity ~ contribute to antigen specificity, are derived from different V
of phages corresponding to VK34 and VK41 with plasma-derived factor VIII heavy germ"ne gene families (DPL16 and DPK5). However, th@ \V;
chain (pdFVIIl HCh), rFVIIL (FFVIIT), rEVII-HCIE (HCIT), and rRVIII-Tyr718.719.723phe . . .
(Y718, 719, 723F). Phage ELISAs were performed as described in “Materials and domains are derived from a nonimmune source and are therefore
methods.” Binding of phage to rFVIIl is expressed as a percentage relative to binding  unlikely to contribute to the epitope specificity of scFv. Based on
of VK41 to rFVIIl. the above considerations, we hypothesize that the binding of VK34
and EL-14 to distinct antigenic sites on factor VIII originates from
reacted with plasma-derived factor VIII heavy chain. This suggeddgiferences in the somatic hypermutation and composition of
that the properties of the recombinant fragment produced in ins&@DR3 in the \{; domains of these scFv.
cells are dissimilar to the corresponding region in plasma-derived The V4 domain of clone VK41 is encoded by germline gene
factor VIII heavy chain. The acidic region carboxy-terminal of th@®P-47 of the ;3 gene family. Interestingly, DP-47 is the most
A2 domain contains 3 potential tyrosine sulfation sites at positiofiequently rearranged germline gene segment in the human reper-
Tyr™8 Tyr’1S and TyrZ. The inability of VK41 to react with toire, observed in approximately 12% of the IgG-positive periph-
variant rFVIII-Tyr’18719.723-phe suggests that sulfated tyrosinegral B cells3® Therefore, antibodies directed toward residues
in amino acid region Asp>-Ala’3¢ constitute at least part of the Asp’'%-Ala’¢, with molecular characteristics similar to those of
epitope of VK41, Interestingly, rEVIII-Ty#8.719.723>Phe is recog- VK41, may also be present in the repertoire of additional hemo-
nized normally by antibody CLB—CAg 9, indicating that thephilia A patients with inhibitors.
sulfated tyrosines are not required for the binding of this antibody
(data not shown). Apparently, different amino acids within &2e
region contribute to the epitope of CLB-CAg 9 and VKA41. Thq\cknow|edgments
lack of reactivity of VK41 with the recombinant A2 fragment
suggests that tyrosine sulfation at T Tyr’2%, and Tyr23 occurs The authors thank G. van Stempvoort and P. H. N. Celie for
inefficiently in insect cells. Besides the acidic region carboxyproviding the purified factor VIII variants and factor VIII heavy
terminal of the A2 domain, acidic regions are present in the carboxghain. They also thank R. C. Aalberse, W. G. van Aken, J. A. van
terminal of the A1 domain and the amino-terminal of thed@nain. Mourik, and K. Mertens for critical review of the manuscript.
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