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Von Willebrand factor (VWF) is a chaperone
molecule for procoagulant factor VIl (FVIII).
Its role in the reduction of the immunogenic-
ity of therapeutic FVIIl in patients with hemo-
philia A has been evoked but lacks clear
cellular and molecular rationale. Here, we
demonstrate that VWF protects FVIIl from
being endocytosed by human dendritic cells

(DCs) and subsequently presented to FVIIl-
specific T cells. The immunoprotective effect
of VWF requires a physical interaction with
FVIIl because the endocytosis of FVIIl was
significantly restored on hindering the forma-
tion of the VWF-FVIIl complex. Interestingly,
VWF had no direct inhibitory effect either on
the ability of DCs to present antigenic pep-

tides or on the activation potency of CD4+
T cells. We thus propose that VWF may reduce
the immunogenicity of FVIIl by preventing,
upstream from the activation ofimmune effec-
tors, the entry of FVIIl in professional antigen-
presenting cells. (Blood. 2007;109:610-612)

© 2007 by The American Society of Hematology

Introduction

A role for von Willebrand factor (VWF) as a chaperone molecule
for procoagulant factor VIII (FVIII) has been extensively docu-
mented.!** Under physiologic conditions, VWF binds to FVIII after
its release in the circulation. VWF protects FVIII from proteolysis
by lipid-bound proteases, stabilizes the FVIII heterodimeric struc-
ture, modulates its activity by thrombin, and further regulates its
elimination by lipoprotein-related receptors.>¢

Patients with severe hemophilia A lack functional endogenous
FVIIL In up to 30% of the patients, injection of exogenous FVIII to treat
hemorrhages results in the development of anti-FVIII antibodies that
inhibit the therapeutically administered FVIIL. In vivo experimental
evidence and clinical observations suggest that the presence of VWF in
FVIII preparations is associated with reduced FVIIT immunogenicity.”3
Cellular and molecular mechanisms underlying a putative protective
effect of VWF remain, however, unclear.

The induction of a primary anti-FVIII immune response re-
quires the administered FVIII to be endocytosed by professional
antigen-presenting cells (APCs) and to be presented to FVIII-
specific naive CD4*" T lymphocytes. In previously untreated
patients, dendritic cells (DCs) are presumably the only candidate
professional APCs. We hypothesized that VWF protects FVIII from
being endocytosed by DCs, thus leading to reduced antigen
presentation and stimulation of immune effectors.

Materials and methods

DCs were generated from circulating monocytes of healthy blood donors on
5-day culture in X-VIVO'3-1% AB serum or in RPMI-10% FCS, supplemented

with thGM-CSF (1000 UI/10° cells; Immunotools, Friesoythe, Germany) and
rthIL-4 (500 UI/10° cells; R&D Systems, Lille, France). Surface phenotypic
expression confirmed their immature status (data not shown).

DCs generated in X-VIVO'3-1% AB serum were incubated with FVIII-FITC
(molar ratio, 1:25) alone or in the presence of VWF (Wilfactin) or human serum
albumin (HSA). Conjugation of FVIII with FITC did not alter its specific activity
(> 4000 IU/mg) and its interaction with a series of monoclonal anti-FVIII IgG
(data not shown) and with VWF (Figures S1 and S4, available on the Blood
website; see the Supplemental Figures link at the top of the online article).

DCs from donors with the DRB1*1501/DRB5*01 haplotype, generated
in RPMI-10% FCS, were used for T-lymphocyte activation studies. The
synthetic FVIII-derived I2144-T216! peptide (NeoMPS, Strasbourg, France)
and human recombinant factor IX (Benefix) were used as controls.

For confocal microscopy studies, DCs were fixed with 100% ethanol
and mounted on glass slides. Images were acquired using a Leica SP2
confocal microscope (Leica, Mannheim, Germany) coupled to a Leica
DMIRE?2 inverted microscope (Wetzlar, Germany). The detection wave-
length range was 500 to 580 nm for FITC.

Results and discussion

We first analyzed the kinetics of internalization of FITC-labeled
FVIII by DCs. Incubation of DCs with FVIII-FITC resulted in a
dose-dependent labeling of the cells and internalization of FVIII as
shown by confocal microscopy (Figure 1A-B). Preincubation of the
DCs with 5 mM EDTA significantly reduced the uptake of FVIII
(data not shown), demonstrating the involvement of bivalent
ion-dependent endocytic receptors in FVIII internalization. The
hallmark of DCs is their ability to trigger the activation and
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proliferation of T cells in an antigen-specific manner.”10 We
confirmed that internalization of FVIII by DCs led to presentation
of FVIII-derived peptides and activation of the anti-FVIII C1
domain-specific human CD4* T-cell clone, D9E9,"" in a dose-
dependent manner (Figure 1C). Activation of D9E9 was detected
for FVIII concentrations close to that reached in patients with
hemophilia A on administration of therapeutic FVIII (ie, 26 = 8
and 711 *£ 63 pg/mL IFN-vy at 1 and 7 nM, respectively; mean *
SD). D9E9 was not activated when it was incubated with DCs in
medium alone or with an irrelevant antigen (Figure 1D). D9E9 was,
however, strongly activated by DCs incubated in the presence of its
target FVIII-derived synthetic peptide [2144-T2161 11

Preincubation of FVIII-FITC (107 nM) with VWF at 1- to 130-fold
molar excess, prior to incubation with DCs, resulted in a dose-dependent
inhibition of FVIII endocytosis (12% * 2% to 94% = 18%; Figure
2A). Incubation of FVIII in the presence of a 25-fold molar excess of
VWEF yielded a significant reduction of FVIII uptake (ie, 58% = 4%;
P < .01), as compared to incubation of FVIII alone. Blocking DC-
mediated FVIII endocytosis by VWF resulted in a dose-dependent
reduction of the activation of D9E9 (up to 75%, Figure 2B). Interest-
ingly, D9E9 activation by DCs loaded with the [2'4+-T?!6! peptide was
not altered in the presence of concentrations of VWF similar to those
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Figure 1. Endocytosis of FVIIl by human DCs and presentation to FVIil-specific T cells.
(A) Dose-dependent labeling of DCs following incubation with FVIII-FITC. Five-day-old
monocyte-derived human DCs were incubated in X-VIVO'® medium containing 0 to 357 nM
FVIII-FITC for 2 hours at 37°C. Following incubation, cells were washed extensively and
fluorescent cells were analyzed by flow cytometry. Representative of more than 2 experi-
ments. (B) Intracellular localization of FITC-FVIII. DCs were incubated with FVIII-FITC for 2
hours at 37°C. Cells were then fixed on a glass slide and observed with a confocal
microscope equipped with a 63 X/1.32 numerical aperture oil objective. Gray-level images
were obtained by differential interference contrast. The fluorescence image was chosen in
the middle of the cell, at the level of the nuclei. The fluorescence image and the corresponding
gray-level image were acquired using Leica Confocal System software, and were merged
using Adobe Photoshop 7.0 software (Adobe Systems, San Jose, CA). (C) Activation of the
FVlil-specific CD4* T-cell clone D9E9 by FVIil-loaded DCs. DCs were generated from blood
donors with matched MHC haplotypes (thanks to J. Treton, Institut National de la Santé et de
la Recherche Médicale [INSERM] Unité [U] 662, Paris, France) and were incubated at
10 000 cells/well with D9E9 (5000 cells/well) in DMEM-10% FCS-20 IU/mLrhIL-2, alone orin
the presence of 0 to 36 nM FVIII for 20 hours at 37°C. Activation of D9E9 was assessed by
measuring released IFN-gamma by enzyme-linked immunosorbent assay (ELISA). Data are
representative of 3 independent experiments. (D) DCs (10 000 cells/well) were cultured with
D9E9 (5000 cells/well) alone or in the presence of 20 nM FVIII, human recombinant factor IX
(FIX, 36 nM) or a synthetic FVIIl peptide (12'44-T2161) known to activate D9E9 (2 pg/mL), for
20 hours at 37°C. Data represent the average of 7 independent experiments. Error bars
indicate SD.
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Figure 2. VWF reduces FVIIl endocytosis by DCs and the consequent presenta-
tion to FVIil-specific T cells. (A) Reduction of FVIII endocytosis by DCs in the
presence of VWF. FVIII-FITC (107 nM) was incubated with DCs for 2 hours at 37°C,
following preincubation in medium alone or in the presence of increasing concentra-
tions of VWF or HSA (ie, molar ratios of 1:1 to 1:130). Cells were then analyzed by
flow cytometry. Results depict relative percentage of FVIII-FITC* cells considering
100% when preincubation was done in medium alone. Data are the average of
6 independent experiments. Significant differences were assessed using the Mann-
Whitney test. (B) Reduction of the activation of D9E9 in the presence of VWF. FVIII
(20 nM) and the [2144-T2161 peptide (2 pg/mL) were incubated with DCs (10 000
cells/well) and D9E9 (5000 cells/well) in medium alone or in the presence of
increasing amounts of VWF, for 20 hours at 37°C. Activation of D9E9 was assessed
by measuring the released IFN-y by ELISA. Data are from 1 representative
experiment. (C) Specificity of the protective effect of VWF on FVIII endocytosis by
DCs. FVII-FITC (107 nM) and a2M-FITC (27.8 nM), preincubated alone or with a
25-fold molar excess of VWF, were incubated with DCs for 2 hours at 37°C.
Ligand-FITC* cells (ie, FVIII-FITC or «2M-FITC) were analyzed as described.
Average of the results obtained with cells from 2 different donors. (D) Requirement of
FVIII-VWF binding for inhibition of FVIII endocytosis. FVIII (5 nM) was incubated with
DCs (10 000 cells/well) and D9E9 (5000 cells/well) in medium alone or in the
presence of full-length recombinant VWF (recVWF) or D’'D3 deleted recombinant
VWF (AD'D3 recVWF), for 20 hours at 37°C. Activation of D9E9 was assessed by
measuring the released IFN-y by ELISA. Statistical significance was assessed using
the ANOVA Fisher PLSD test. Error bars indicate SD.

used in the presence of FVIIL, thus indicating that VWF does not have a
direct inhibitory effect on T-cell activation.

We then explored the molecular mechanisms underlying the reduced
endocytosis of FVIII by VWE. We first tested the specificity of the
protective effect of VWF on endocytosis of FVIII by DCs: (1) when used
at concentrations equimolar to that of VWE, HSA (which is used as a
stabilizing agent in the excipient of different therapeutic proteins, includ-
ing FVIII) did not inhibit FVIII endocytosis (Figure 2A); (2) endocytosis
of a2M-FITC (Biomac, Leipzig, Germany) by DCs was not inhibited by
a 25-fold molar excess of VWF (Figure 2C). We then investigated
whether the integrity of the FVIII/VWF complex is required for blocking
the endocytosis of FVIII by DCs. FVIII and VWF were incubated in the
presence of F(ab'), fragments of a monoclonal anti-FVIII IgG and of a
monoclonal anti-VWF IgG, both of which disrupt the interaction between
FVIII and VWE The preincubation of FVIII and VWF with both
monoclonal IgGs restored the endocytosis of FVIII by DCs to a significant
extent (Figures S2-S3). Furthermore, whereas recombinant human VWF'2
inhibited the activation of D9E9 in a manner similar to that of plasma-
derived VWF, recombinant VWF lacking the D'D3 domains did not
prevent the activation of DOE9 (Figure 2D).
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LRP/CD91 and other members of the LDL receptor (LDLR)
family have been implicated in FVIII uptake by scavenger cells.>!315
LRP is expressed by DCs.!%!7 Interestingly, VWF has been shown
to block the interaction of FVIII with receptors of the LDLR
family.”> However, our recent findings show that LDLR family
members are not implicated in FVIII endocytosis by DCs (S.
Dasgupta, J.B., S.V.K., and S.L.-D., unpublished data, September
2006) and suggests that FVIII endocytosis by DCs involves yet
unidentified alternative bivalent ion-dependent receptors. Whether
VWEF can prevent the interaction of FVIII with the latter receptors
will have to be established.

Our data highlight the role of VWF as an immunoprotective
chaperone for FVIII, that is, by preventing, upstream from the
activation of immune effectors, the entry of FVIII in professional
APCs. Further, we demonstrate in vitro that increasing the VWF/
FVIII ratio reduces FVIII endocytosis by DCs in a dose-dependent
manner. It remains, however, to be demonstrated whether VWF
exerts similar effects in vivo.

Interestingly, coadministration with FVIII of exogenous VWF
was suggested to reduce FVIII immunogenicity in vivo.”# In
normal plasma, the FVIII/VWF molar ratio is 1:50.13 It ranges
from 1:9 to 1:174 in the different plasma-derived FVIII prepara-
tions (manufacturers’ communications, June-July 2006), yielding
expected molar ratios of 1:64 to 1:229 following intravenous
administration to the patients. It would be of interest to investigate
whether higher amounts of VWF in therapeutic preparations are
associated with lesser incidence of FVIII inhibitors. If confirmed,
increasing VWF amounts in FVIII preparations above physiologic
levels within limits that are compatible with normal hemostasis
may be beneficial to the patients by inhibiting the initiation of
immune responses to FVIIL. Alternatively, reducing the risk for
development of FVIII inhibitors may be achieved using minimal
VWEF-derived peptidic constructs endowed with similar protective
abilities, while being devoid of prothrombotic effects.

Acknowledgments

We wish to thank Joelle Treton (INSERM U662, Hospital Saint-
Louis, Paris), Renaud Lavend’homme (Center for Molecular and

References

BLOOD, 15 JANUARY 2007 - VOLUME 109, NUMBER 2

Vascular Biology, Katolische Universtitat Leuven, Belgium), and
Dr Jean-Pierre Girma (INSERM U770, Bicétre, France) for
providing us with blood from MHC-matched donors, with the
DIE9 CD4* T-cell clone, and with the anti-VWF IgG Ac418. We
are indebted to Dr Olivier Christophe (INSERM U770) and Dr
Yves Laurian (Laboratoire d’Hématologie, Hopital Jean Verdier,
Bondy, France) for invaluable discussions. VWF (Wilfactin) and
HSA were kind gifts from Laboratoire Francais du Fractionnement
et des Biotechnologies (Les Ulis, France). FIX (Benefix) and FVIII
(Helixate NexGen) were kind gifts from Baxter (Maurepas, France)
and ZLB-Behring, respectively.

This work was supported by INSERM, by the Centre National
de la Recherche Scientifique, by the Université Pierre et Marie Curie, by
grants from Indo-French Center for Promotion of Advanced
Research (CEFIPRA), from Agence Nationale de la Recherche
(ANR-05-MRAR- 030), and from ZLB-Behring (Paris, France).
PJ.L. is a recipient of a grant from Biotest (Dreieich, Germany). S.
Dasgupta, B.W., J.B., and Y.R. are recipients of fellowships from
CEFIPRA, LFB, Les Entreprises du Médicament (LEEM; Paris,
France), and ZLB-Behring, respectively.

Authorship

Contribution: S. Dasgupta, J.B., PJ.L., A.B.-D., S.VK., and
S.L.-D. designed research; S. Dasgupta, Y.R., A.-M.N., B.W., T.L.,
S. Delignat, and C.K. performed research; P.J.L., J.-M.S.-R., M.J.,
and A.B.-D. contributed vital new reagents or analytical tools; S.
Dasgupta, Y.R., A.-M.N., B.W., and CK. collected data; S.
Dasgupta, Y.R., PJ.L., and S.L.-D. analyzed data; and S. Dasgupta,
Y.R.,J.B.,S.VK,, and S.L.-D. wrote the paper.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

S. Dasgupta and Y.R. have contributed equally to the work.

Correspondence: Sébastien Lacroix-Desmazes, INSERM UMRS
681, Institut des Cordeliers, 15 rue de I’Ecole de Médecine, 75006 Paris,
France; e-mail: sebastien.lacroix-desmazes @umrs681.jussieu.fr.

1.

Lollar P. The association of factor VIII with von Wille-
brand factor. Mayo Clin Proc. 1991;66:524-534.

ferent factor VIII concentrates in a haemophilia A
mouse model. Thromb Haemost. 2002;88:221-229.

related protein receptor in mediation of factor VIII
catabolism. J Biol Chem. 1999;274:37685-37692.

2. VlotAJ, Koppelman SJ, Bouma BN, Sixma JJ. 8. Goudemand J, Rothschild C, Demiguel V, et al. 14. Bovenschen N, Herz J, Grimbergen JM, et al. El-
Factor VIl and von Willebrand factor. Thromb Influence of the type of factor VIl concentrate on evated plasma factor VIIl in a mouse model of
Haemost. 1998:79:456-465. the incidence of factor VIIl inhibitors in previously low-density lipoprotein receptor-related protein

. ) untreated patients with severe hemophilia A. deficiency. Blood. 2003;101:3933-3939.

3. Zj::(lz::)sinzlz(jzti\i/t\; E;ss:‘ac\?iﬂ:;::;c};\ggr Blood. 2006;107:46-51. 15. Bovenschen N, Mertens K, Hu L, Havekes L, van

Thromb Haemost. 1999:82:201-208. ’ 9. Banchereau J, Steinman RM. Dendritic cells and Viijmen B. LDL receptor cooperates with LDL re-
' the control of immunity. Nature. 1998;392:245-252. ceptor-related protein in regulating plasma levels

4. Federici AB. The factor VllI/von Willebrand factor . . of coagulation factor VIII in vivo. Blood. 2005;106:
complex: basic and clinical issues. Haemato- 10. Trombet_ta FTS’ Q/Iellmz;q L (_Bell ?\lologéof zlantlgen 906-912.
logica. 2003;88:EREP02. D 0059307 1o0g. oA Revimmy 16. Hart JP, Gunn MD, Pizzo SV. A CD91-positive

5 ITentlng P Neels J, van den Bgrg B, et aI..TheA 11. Jacquemin M, Vantomme V, Buhot C, et al. CD4* is;;k:s;t g; 5151\1:0 :)kl]c;i)?uiiﬂg:gctgzlrlfﬁac:cagacter
light chain OT fa(?tor Vil (l:ompnses a binding site T-cell clones specific for wild-type factor VIII: a daptive i inst CD91-
for low density lipoprotein receptor-related pro- molecular mechanism res - f adaptive immune responses agains

; ; 074 ponsible for a higher targeted antigens. J Immunol. 2004;172:70-78.
tein. J Biol Chem. 1999;274:23734-23739. incidence of inhibitor formation in mild/moderate ) )
. . - . . 17. Stebbing J, Gazzard B, Portsmouth S, et al. Dis-

6. Schwarz HP, Len?lngl PJ, B|n(ljer B, et al. Involve- hemophilia A. Blood. 2003;101:1351-1358. ease-associated dendritic cells respond to disease-
ment of low-density lipoprotein receptor-related 12. Lenting PJ, Westein E, Terraube V, et al. An ex- specific antigens through the common heat shock
protein (LRP) in the clearance of factor VIl in von perimental model to study the in vivo survival of protein receptor. Blood. 2003;102:1806-1814.
\1’\%:5’1";‘3: factor-deficient mice. Blood. 2000;95: von Willebrand factor: basic aspects and applica- 18, \yeiss Hd, Sussman, II, Hoyer LW. Stabilization of

: tion to the R1205H mutation. J Biol Chem. 2004; factor VIII in plasma by the von Willebrand factor:

7. Behrmann M, Pasi J, Saint-Remy JM, Kotitschke 279:12102-12109. studies on posttransfusion and dissociated factor

R, Kloft M. Von Willebrand factor modulates fac- 13. Saenko E, Yakhyaev A, Mikhailenko I, Strickland D, VIl and in patients with von Willebrand’s disease.

tor VIIl immunogenicity: comparative study of dif-

Sarafanov A. Role of the low density lipoprotein-

J Clin Invest. 1977;60:390-404.



From www.bloodjournal.org by guest on September 11, 2016. For personal use only.

w\“k (/\J\,

. %
2; 2007 109: 610-612
¥ doi:10.1182/blood-2006-05-022756 originally published
online September 19, 2006

VWF protects FVIII from endocytosis by dendritic cells and subsequent
presentation to immune effectors

Suryasarathi Dasgupta, Yohann Repessé, Jagadeesh Bayry, Ana-Maria Navarrete, Bharath Wootla,
Sandrine Delignat, Theano Irinopoulou, Caroline Kamaté, Jean-Marie Saint-Remy, Marc Jacquemin,
Peter J. Lenting, Annie Borel-Derlon, Srinivas V. Kaveri and Sébastien Lacroix-Desmazes

Updated information and services can be found at:
http://www.bloodjournal.org/content/109/2/610.full.html

Articles on similar topics can be found in the following Blood collections
Brief Reports (1896 articles)
Hemostasis, Thrombosis, and Vascular Biology (2485 articles)

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtmi

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.



