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A Human Alloantibody Interferes With Binding
of Factor IXa to the Factor VIII Light Chain

By Karin Fijnvandraat, Patrick H.N. Celie, Ellen A.M. Turenhout, Jan W. ten Cate,
Jan A. van Mourik, Koen Mertens, Marjolein Peters, and Jan Voorberg

Inhibitory antibodies directed against factor VIl develop in a
substantial number of patients with hemophilia A as a
consequence of factor VIl replacement therapy. These anti-
bodies usually recognize discrete epitopes within the A2
and/or the C2 domains of factor VIII. Here, we have character-
ized the antibodies present in the plasma of a patient
affected by severe hemophilia A. The antibodies reacted
readily with the metabolically labeled factor VIII light chain
and fragments thereof when analyzed by immunoprecipita-
tion. The inhibitory activity could be neutralized by the
complete light chain, whereas only slight neutralization

main. Binding of the majority of antibodies to in vitro
synthesized factor VIII fragments was dependent on the
presence of amino acid residues GInl778-Met1823, a region
known to contain a factor IXa binding site. Functional
characterization showed that purified IgG from the patient’s
serum inhibited binding of factor IXa to immobilized factor
VIII light chain in a dose-dependent manner. These data
indicate that human alloantibodies may inhibit factor VIlI
activity by interfering with factor IXa—factor Vllla complex
assembly.

© 1998 by The American Society of Hematology.

occurred with a fragment comprising the isolated C2 do-

LOOD COAGULATION factor VIl serves as a cofactor antibodies directed towards the light chain of factor VIII by
of factor IXa in the intrinsic pathway of factor X performing neutralization assays and immunoprecipitation analy-
activation. Factor VIII circulates in plasma as a heterodimer,sis. Functional studies showed that the antibodies inhibit factor
composed of a heavy chain (A1-A2-B) and a light chain VIII activity by interfering with the interaction between factor
(A3-C1-C2)12Before activation, factor VIl is associated with 1Xa and the light chain of factor VIII.
von Willebrand factor (vWF). Limited proteolysis by thrombin
coincides with release of the active cofactor from the factor
VII-vWF complex3 Materials. DNA-modifying enzymes, restriction enzymes, Grace’s
Deficiency or disfunction of factor VIIl is associated with the insect medium, fetal calf serum (FCS), and antibiotics were obtained
hereditary bleeding disorder hemophiligBleeding episodes oM GIBCO (Breda, The Netherlands). The serum-free medium
can be prevented or arrested by administration of factor ViiIEX CELL 401 was purchased from JRH Biosciences (Sera Lab Ltd,

trate. | ¢ liole treat ts. inhibit Crawley, UK). Oligonucleotide primers, protein G Sepharose-4FF,
concentrate. In response 1o multiplie treatments, INNIDIONYoN g, aciivated Sepharose-4B, and protein A Sepharose CL-4B were

antibodies directed against factor VIII may develop. This gptained from Pharmacia-LKB (Woerden, The Netherland)r
serious complication occurs in approximately 25% of patientspolymerase was purchased from Stratagene (Cambridge, UK). Radioac-
affected by the severe form of hemophili?AThe regions to  tive chemicals were obtained from Amersham (Bucks, UK). The “Tag
which most human anti-factor VIII antibodies bind have beentrack”sequencing system, the plasmid pSP64 and the in vitro transcrip-
localized to the A2 and C2 domain of factor VIII by immunoblot- tion and translation system using the SP6-expression system were

ting and immunoprecipitation assay& Detailed analysis has obtained from Promega_(Madison, WI1). The pl_asmid pAcGP67B and
established that amino acid sequence e in the A2 the Baculogold Baculovirudutographa californicaDNA were pur-

. . . . h d f Ph i S Di , C dopt: frugiperd
domain and residues Vaf® to Sef3'? in the C2 domain chased from Pharmingen (San Diego, C/Spodoptera frugiperda

. . . o . (Sf-9) insect cells andrrichoplusia niHigh Five insect cells were
constitute major epitopes of factor VIl inhibiting antibodi€s?  ,1-ined from Invitrogen (Leek, The Netherlands).

SeVeraI mechanisms by Wh|Ch inhibitors interfere W|th faCtOr Proteins. Human factor VIII ||ght chain and factor IXa were
VIII procoagulant activity have been identified. Human anti-A2 obtained from human plasma as previously descrieédonoclonal
antibodies act as noncompetitive inhibitors of the factor X antibodies (MoAbs) CLB-CAg 9, CLB-CAg 69, CLB-CAg 1##2?
activating complex by impeding its catalytic activityAntibod-
ies directed against the C2 domain interfere with binding of
factor VIII to phospholipids and vWIE-17 Disruption of factor From the Departments of Blood Coagulation and Plasma Protein
VIII-VWE interaction leads to factor VIII elimination in vivo Technology, Central Laboratory of the Netherlands Red Cross Blood
because binding to VWF is essential to stabilize factor VI in 1ransfusion Service; the Academic Medical Center, University of
the circulation. Recently, a novel inhibitory mechanism with aAmSterdam’ Emma Childrens Hospital AMC, Department of Pediat-

’ 2’ . rics; and the Academic Medical Center, University of Amsterdam,
converse effect on the interaction between factor VIIl and VWF cepter for Hemostasis, Thrombosis, Atherosclerosis and Inflammation
was disclosed. A human antibody that requires the presence Gfesearch, Amsterdam, The Netherlands.

VWEF to display inhibitory characteristics has been shown to Submitted April 13, 1997; accepted November 19, 1997.

retard the release of thrombin-cleaved factor VIII from VWF. Address reprint requests to Jan Voorberg, PhD, Dept of Blood
This antibody, directed towards amino acid sequencé4fal Coagulation, Central Laboratory of the Netherlands Red Cross Blood
Gly2285 of the C2 domain, does not interfere with phospholipid Transfusion Service, Plesmanlaan 125, 1066 CX Amsterdam, The
binding of factor V11118 Netherlands.

. A o . The publication costs of this article were defrayed in part by page
Studies using inhibitor neutralization assays have prowdedCharge payment. This article must therefore be hereby matkebder-

evidence f(_)r the pr_esence of addi_tional inhibitor epitopes on thefisement"in accordance with 18 U.S.C. section 1734 solely to indicate
factor VIII light chain located outside the C2 domaM31°The  ihis fact.

inhibitory mechanism of those antibodies has remained unre- © 1998 by The American Society of Hematology.
solved so far. Here, we have characterized human inhibitory 0006-4971/98/9107-0022$3.00/0

MATERIALS AND METHODS
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and CLB-FIX 142 have been described previously. MoAb ESH4 was mmol/L Tris-HCI, pH 7.4; and 150 mmol/L NaCl. The amount of factor
obtained from American Diagnostics Inc (Greenwich, CT) and has beeVIll fragments in the conditioned medium was determined by an
characterized beforé. Murine MoAbs directed against human IgG1, enzyme-linked immunosorbent assay method using MoAbs EXtidl
1gG2, 1IgG3, and IgG4 were obtained from the Central Laboratory of theCLB-CAg 117 (Fig 1), both directed against the C2 domain of factor
Netherlands Red Cross Blood Transfusion Service. VIII. Samples were incubated with immobilized ESH4 (0.5 pg/well) in
Coagulation assays.Blood was collected by venepuncture in 50 mmol/L Tris-HCI, pH 7.4; 1 mol/L NaCl; and 2% human serum
one-tenth final volume of 3.2% (wt/vol) trisodium citrate. After albumin (HSA). Bound factor VIII fragments were detected using
centrifugation for 10 minutes at 12,000g, plasma was collected anderoxidase-labeled CLB-CAg 117 in 50 mmol/L Tris-HCI, pH 7.4; 1
immediately stored at-70°C in 0.5 to 1.0 mL aliquots. Factor VIl mol/L NaCl; and 0.1% (vol/vol) Tween-20. Pooled normal human
procoagulant activity was assayed by a one-stage clotting #ssay.plasma served as a standard. Inhibitor neutralization was performed
Inhibitor titers were measured in plasma using the Bethesda assagssentially as described previoushafter measurement of the inhibitor
essentially as described previously and expressed as Bethesda units iéer, the inhibitor plasma was diluted to 2 BU/mL in a buffer consisting
milliliter (BU/mL). 25 of 50 mmol/L Tris-HCI, pH 7.3; and 0.2% HSA. Diluted inhibitor
Plasmid constructions. The construction of plasmids encoding the plasma was incubated for 2 hours at 37°C with an equal volume of
factor VIII heavy chain, A2 domain, and factor VIII light chain has been pooled normal plasma and an equal volume of conditioned medium.
described previousRE The plasmid pCLB-GP67-C2, encoding the C2 The conditioned medium contained increasing concentrations of either
domain (amino acid residues 2172 to 2332), was constructed bjaCtOI' VIII light chain or C2 domain, diluted in the same buffer as the
polymerase chain reaction (PCR) using oligonucleotide primer C2-1 (5 inhibitor plasma. Residual factor VIII activity in the incubation mixture
GTGCCATGGGTAGTTGCAGCATGCCATTG 3 nucleotide position ~ Was determined relative to a control sample that was incubated in the
6574-6591 of factor VIII, sense) and primer C2-2GEATAGGTTG- absence of inhibitor plasma. Functional integrity of the fragment
GAATCTAA 3’; nucleotide position 1222-1239 of pBPV, antisense), corresponding to the C2 domain was determined by neutralization
using plasmid pCLB-BPVdB695 as a templaféReaction conditions experiments with the factor VIII inhibiting, conformation-dependent
for PCR were: 5 minutes, 95°C; 2 minutes, 50°C; 3 minutes, 72°C; 37M0Ab CLB-CAg 117. On a molar basis, factor VIII fragments
cycles of 45 seconds, 95°C; 90 seconds, 50°C; 3 minutes, 72°C; gorresponding to the light chain and the C2 domain could alleviate the
minutes, 65°C in the presence of 1 mmol/L dNTP$polymerase inhibitory activity of CLB-CAg 117 to the same extent (data not
reaction buffer, 50 pmol of each oligonucleotide primer, and 2.5 U shown). This observation indicates that the conformation of the
Pfu-polymerase. After amplification the fragment was digested with 'ecombinant C2 domain fragment is very similar to that of the C2
Ncol and Notl and cloned into plasmid pAcGP67B. Truncated frag- domain within the factor VIl light chain.
ments corresponding to parts of the A3 domain of factor VIIl were Binding assays. IgG was purified from the patient'’s serum using
constructed with the use of plasmid pSP/F8-80K1 as a template, aBrotein A Sepharose CL-4B. The final preparations of total IgG had an
described previousBt23 inhibitor titer of 4 BU/mg IgG. 1gG derived from a healthy donor was
Expression and metabolic labeling of selective domains of factor VIi1used as a control. Binding of factor IXa to immobilized factor VIl light
in insect cells. Recombinant baculovirus expressing the recombinantchain was assessed by using a modification of a previously described
factor VIII heavy chain, A2 domain, light chain, and C2 domain were method® Briefly, MoAb CLB-CAg 12 (10 pug/mL) was immobilized to
obtained after transfection of Sf-9 cells according to the instructions ofmicrotiter wells and incubated with 62.5 nmol/L of plasma-derived
the supplier. The production 0f35] methionine-labeled factor VIII factor VIII light chain. Subsequently, varying concentrations of purified
fragments has been described previod&lin short, High Five cells  !9G (0to 1.7 mg/mL, corresponding to approximately O to 10.7 pmol/L)
were infected with recombinant baculovirus and pulse-labeled withwere incubated for 2 hours at 37°C in a buffer containing 20 mmol/L
[35S] methionine. Medium of metabolically labeled cells was then Histidine, pH 6.2; 100 mmol/L NaCl; 5 mmol/L Cagland 0.1%
collected in immunoprecipitation buffer. In vitro translation of the Tween-20. Wells were washed three times with the same buffer before
truncated fragments of the A3 domain of factor VIl was performed with 40 hmol/L factor IXa was added and incubated for 4 hours at 37°C.
the use of the SP6-expression system, in the presenéSjinethio- Bound factor IXa was detected by incubating for 15 minutes at room
nine, as described previougs. temperature with peroxidase-labeled MoAb CLB-FIX 2Residual
Immunoprecipitation. Immunoprecipitation was performed essen- factor IXa bound was calculated relative to a control experiment in
tially as described previousk. Briefly, conditioned media were WhichnoIgG was added.
incubated overnight at 4°C with preformed complexes of Protein G Patient. The patient, bornin Turkey in 1952, was a sporadic case of
Sepharose-4FF and 30 pL patient plasma. The expression of the fact§€vere hemophilia A. He was treated with whole blood and plasma
VIl fragments was monitored using MoAbs CLB-CAg 9 (1 pg/mL) transfusions for various bleeding episodes before he came to the
directed against the A2 domain of the heavy chain of factor VI, Netherlands in 1974. In 1977 a lack of recovery was noted after
CLB-CAg 117 (1 pg/mL) directed against the C2 domain of the light administration of cryoprecipitate (2,000 IU factor VIII) for gastric
chain of factor VIII, and MoAb CLB-CAg 69 (1 pg/mL) directed bleeding and hemarthros. It was concluded that he had developed
against amino acid sequence F§/§Argl68° of the factor VIII light antibodies directed towards factor VIII. No data on the inhibitor titer
chain?2 The specificity of the adsorption was addressed using plasma offom the period 1977 to 1982 are available. Between 1982 and 1995 the
several healthy donors. Antibody subclass typing was performed usinghibitor titer varied between 40 to 80 BU/mL. He was successfully
subclass specific MoAbsx(gG1, algG2, algG3, andalgG4) cova- treated with FEIBA (Baxter IMMUNO, Vienna, Austria) for hemarthros
lently linked to CNBr-activated Sepharose-4B. Bound proteins were@nd muscle bleedings. The patient did not undergo an immune tolerance
eluted by boiling in sodium dodecy! sulfate (SDS) sample buffer andregimen. The experiments in this study were all performed on a plasma
analyzed under reducing conditions on a 10% (wt/vol) SDS- sample from 1995 in which the inhibitor titer was 40 BU/mL.
polyacrylamide gel and visualized by autoradiography.
Inhibitor neutralization assay. Fragments corresponding to the RESULTS
factor VIII light chain and the C2 domain were derived from High Five . . . . .
cells infected with recombinant baculovirus encoding the factor Vil EPiItope mapping of anti-factor VIl antibodies We charac-
light chain and the C2 domain. Recombinant factor VIII fragments t€rized the anti-factor VIII antibodies present in the plasma of a
present in 75% (vol/vol) serum free medium and 25% (volivol) Grace’s patient severely affected by hemophilia A. Immunoprecipitation
insect medium containing 2.5% (vol/vol) FCS were dialyzed against 50analysis, using metabolically labeled factor VIl fragments
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97 Fig 1. Immunoprecipitation of recombinant factor VIII fragments

with antibodies present in the inhibitor plasma. Recombinant factor

VIII fragments corresponding to the factor VIII light chain (80K), the C2

- . domain (C2), the factor VIII heavy chain (90K), and the A2 domain (A2)

were expressed in High Five cells and metabolically labeled as

described.?¢ Binding of antibodies to the metabolically labeled factor

I 69 VIl fragments was assessed by immunoprecipitation. Bound proteins

were eluted and analyzed under reducing conditions on a 10%

(wt/vol) SDS-polyacrylamide gel. (A) Reactivity of anti-factor VIII

antibodies with factor VIII light chain fragments. Lane 1, CLB-CAg 117;

lane 2, control plasma; lane 3, antibodies present in patient’s plasma.

(B) Reactivity of antibodies with factor VIII heavy chain fragments.

Lane 1, CLB-CAg 9; lane 2, control plasma; lane 3, antibodies present in

patient’s plasma. (C) Subclass determination of anti-factor VIIl antibod-

ies. Binding of anti-factor VIII antibodies to metabolically labeled

factor VIII light chain was performed using subclass specific antibod-

—_— 43 ies. Lane 1, total IgG; lane 2, IgG1; lane 3, IgG2; lane 4, 1gG3; lane 5,
1gG4. Molecular weight markers are given at the right of the figure.

expressed in insect cells, clearly showed binding to the lightfragments provide an estimate of the relative contributions of
chain of factor VIII (Fig 1A, left). Immunoprecipitation using the epitope in the C2 domain and the unknown light chain
IgG subclass specific antibodies showed that predominantlgpitope to the entire inhibitory activity present in the patient’s
IgG4 and 1gG2 antibodies accounted for binding to the radio-plasma. Complete neutralization occurred by addition of the
labeled factor VIII light chain, whereas some IgG1 antibodieslight chain fragment, whereas only 5% neutralization was
could be detected as well (Fig 1C). A faint signal was observedbtained when the same concentration of a fragment correspond-
for binding of the antibodies to a radio-labeled fragmenting to the C2 domain was added (Fig 2). This indicates that the
corresponding to the C2 domain (Fig 1A, right). No binding to factor VIII inhibitory activity present in the patient’s plasma is
either the heavy chain of factor VIl or the A2 domain could be predominantly accounted for by antibodies that bind to a light
detected (Fig 1B). These findings suggest that the patient'shain epitope located outside the C2 domain.

plasma contains antibodies against at least one epitope on the An important functional region located outside the C2
factor VIII light chain located outside the C2 domain. To domain on the factor VIl light chain, consisting of amino acid
address this issue from a functional perspective, an inhibitoresidues GItF-Lys!818 has previously been identified as a
neutralization assay using recombinant factor VIII light chain binding site for factor IX&2 To address the question of whether
and C2 domain was performed. By virtue of their distinctive the antibodies recognize an epitope in the vicinity of the factor
neutralization of the inhibitory activity, these factor VIII [1Xa binding site on the factor VIII light chain, we performed
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Fig 2. Neutralization of inhibitor activity by recombinant factor 43

VIIl fragments. Neutralization of the inhibitory activity by factor VIII
light chain (@) and factor VIII C2 domain (O). The patient’s plasma
was diluted to 2 BU/mL and incubated for 2 hours at 37°C with the
indicated concentrations of recombinant factor VIII light chain or C2
domain. The residual factor VIl activity in the incubation mixture was .
determined relative to a control sample that was incubated in the .

absence of inhibitor plasma. Each datapoint represents the mean
(+SD) of three experiments.

- 28
immunoprecipitation experiments using in vitro synthesized
factor VIIl fragments. These recombinant factor VIl fragments,
comprising carboxyterminal truncations of the factor VIII light
chain were in vitro transcribed and then translated in the Fig 3. Epitope mapping of antibodies present in the inhibitor
presence 0f3FS]-methi0niné1 (Fig 3A). Binding of the in vitro plas?ma by immunoprecipit.ation. (A) Structure of Fhe factor VI!I Iight
synthesized factor VIIl fragments using CLB-CAg 69, directed c3in and the carboxyterminal truncated polypeptides synthesized in
. X X 1689 vitro and used for immunoprecipitation. The bar at the top of the
against amino acid Sequence_ }S@-Arg , showed that_ all ~ figure represents the domain structure of the factor VIl light chain
fragments had the expected size (Fig 3B, left). The antibodiesvith the neighboring B domain. The amino acid residue numbers
present in the patient's plasma bound to the larger twobelow the bar indicate the boundaries between the domains. The
fragments. Binding to the fragment comprising amino acid epitope for MoAb CLB-CAg 69, consisting of the amino acid residues
’ 63.G|nl778 | d d (Fi iah Lyst673-Arg168 within the amino-terminal region of the A3 domain
se_quence ASPGIn . was strongly reduced (Fig 3B, _”g D). . (22), is indicated by a black bar. The three lines at the bottom of the
With reference to Fig 3A these data show that amino acidfigure represent three carboxyterminal truncated polypeptides. 1,
sequence GM’&Met'823 comprises a major epitope for the Aspl®3-Aspis®; 2, Aspls®e-GIni’?s; 3, Aspis®-Met!#2, (B) Reactivity of
antibodies present in the patient’s plasma. MoAb CLB-CAg 69 (left) and patient’s plasma (right) with truncated
Effect of human anti-factor VIII antibodies on the interaction recombinant fragments of the A3 domain of factor VIII. Binding of
. X X L anti-factor VIl antibodies to the metabolically labeled factor VI
of factor 1Xa with the factor VIlI “ght chain. B'nd'ng to the fragments was assessed by immunoprecipitation and analyzed under
factor VIII light chain epitope GIH78&Met!823suggests that the  reducing conditions on a 10% (wt/vol) SDS-polyacrylamide gel. Lane
antibodies inhibit factor VIII activity by interfering with 1, ASp'>®-Asp'$%; lane 2, Asp's®-GIn'™™s; lane 3, Asp!%3-Met'$2%,
complex assembly of factor VIl and factor 1¢aTo test this,
we evaluated the effect of patient’s IgG in a binding assay ofinhibit factor VIII activity by interfering with assembly of the
factor 1Xa and immobilized factor VIII light chain. Increasing factor Villa—factor IXa complex.
concentrations of patient’s IgG inhibited the binding of factor
IXa to the factor VIII light chain in a dose-dependent manner
(Fig 4). The concentration of IgG required to achieve 50% Inhibitory antibodies that arise after factor VIII replacement
inhibition was 0.5 mg/mL, corresponding to 2 BU/mL. In therapy constitute a serious complication of hemophilia treat-
contrast, IgG from a healthy individual did not compete for ment. Insight into the epitope specificity and mechanism of
binding of factor IXa. These data provide evidence that theaction of these inhibitory antibodies has evolved over the past
antibodies present in the plasma of a patient with hemophilia Aew yearst?-17 At present two major inhibitor epitopes have

DISCUSSION
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150 bound to a fragment comprising the A3 and C1 domain of factor
VIII. 28 Binding of the antibody to this fragment could be
completely abolished by the addition of the synthetic peptide
Lys!804Vall81%9which overlaps the inhibitor epitope described in
this study2® Together with our data these findings suggest that a
subset of human inhibitors interacts with the factor IXa binding
site on the light chain of factor VIII.

It should be noted that the heterogeneity of the antibody
preparation used in this study may complicate interpretation of
the results obtained. For instance, we are unable to exclude that

125

{
\
o]
ch|
\»—0—4

100 ¢

75

Residual FIXa bound (%)

50T an additional antibody binding site is present between amino
- acid residues Ly§'8and Cy3'74on the factor VIII light chain.
25 o Furthermore, our analysis may be affected by the small amounts
\. of anti-C2 antibodies present in the patient’s plasma. The above
) ) ) considerations warrant careful interpretation of the results
00.0 0.5 10 15 obtained but do not seem to limit our conclusion with regard to

the biological activity of the inhibitory antibodies described in
19G (mg/ml) this study.
The interaction between factor IXa and the factor VIII light
Fig 4. Effect of IgG on the interaction between factor IXa and chain is modulated by vWP, Thus, amino acid sequence
‘fatr:]t.g!’ VI Iight cha.in. Vac;'iouhs cclchentratiolnsgf purifigd Igt(,B frc:jm t'hﬁ GInl77&Metl823which contains the factor 1Xa binding site may
lfr;ctlo:'to\l;lﬁafilgejﬂi (Ch)a?: i:,'mi";itligegoggoM(OKt:’VerB'_gijg a;: gr\:'ta not.be gqused when factor VIII is bound to VWF. Shielding of
microtiter plate. After 2 hours incubation at 37°C the IgG was antigenic sites by VWF has been observed for the extensively
removed and 40 nmol/L factor I1Xa was added. Residual factor 1Xa studied epitope in the C2 domain of factor VAflIn the latter
bound was determined after 4 hours of incubation at 37°C and  gtydy the presence of additional epitopes on the factor VIII light
calculated relative to a control experiment in which no 19G was — ¢pain |ocated outside the C2 domain was not taken into account.
added. Each datapoint represents the mean (=SD) of at least three .. L. .
experiments. Reduced binding of inhibitors to GlfféMet!823 may in part
explain the modulating effect of VWF on the inhibitory activity
been localized at amino acid sequence’&kje58 and Vaf24& described in that stud%?.Whether shield?ng of antiggnic ;ites on
SeP312 of factor VIII.1213 Here, we describe an additional _th(_e fa_ct_orVIII Ilghgchaln bvaF constltutt_es an etiologic factor
inhibitor epitope for human anti-factor VI antibodies, consist- I inhibitor formation remains to be established.
ing of amino acid residues GIff&Met!823 |ocated within the
A3 domain of factor VIII. Previous studies from our laboratory ACKNOWLEDGMENT
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