
pathway into early endosomes associate with
the MHC class I molecules and are pre-
sented to CD8� T cells for cross presenta-
tion, a pathway to activate cytolytic CD8�

T cells (see figure). Whether the MR path-
way plays a major role in the antigen presen-
tation and processing by the MHC class II
molecules that activate CD4� T cells re-
mains controversial. The MR involvement
in the antigen presentation through the
MHC class II molecules is supported by the
delivery of lipoglycan antigens to the late
endosome and lysosome for presentation to
the CD4� T cells by CD1b molecules6 and
by the generation of an isotype-switching
antibody in response to immunization with
anti-MR monoclonal antibody in vivo.7 Fur-
thermore, the MR expression on the inflam-
matory macrophages is increased in re-
sponse to inflammatory cytokines, such as
IL-4, IL-13, and IL-10.8 In cytokine-treated
cells, the MR is detected in the late endo-
some, suggesting that antigen-derived pep-
tides can be loaded on the MHC class II
molecules for presentation. The MHC class
I and/or MHC class II presentation may
depend on the activation status and matura-
tion stage of the dendritic cells.9 These find-
ings may help us understand how bacterial
or viral infections may trigger the formation
of autoantibody against ADMTS13,
thereby resulting in an acute burst of TTP
episodes.

In conclusion, the discovery of the role of
mannose receptor in facilitating ADAMTS13
endocytosis by the antigen-presenting cells
may promote further research on immune
biology of ADAMTS13. The results of these
investigations may shed new light on the
pathogenesis of acquired autoimmune TTP.
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Improving on nature: redesigning
ADAMTS13
----------------------------------------------------------------------------------------------------------------
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In this issue of Blood, Jian and coworkers report on a gain-of function variant of
ADAMTS13 that is resistant to the autoantibodies responsible for acquired throm-
botic thrombocytopenic purpura (TTP).1

A uto-antibodies directed toward
ADAMTS13 prohibit cleavage of von

Willebrand factor (VWF) resulting in sys-
temic platelet aggregation in the microcircu-
lation. Our knowledge on the etiology of the
misrouted immune response at the onset of
acquired idiopathic TTP is still very lim-
ited. A genetic predisposition is suggested
by the observation of severe autoantibody-
mediated ADAMTS13 deficiency leading to
acute TTP episodes in identical twin sisters2

and the over-representation of the HLA-
DRB1*11 allele in TTP patients.3 A number
of different bacterial and viral infections
preceding a first acute episode or relapse
have been reported (reviewed by Pos et al4),
although specific triggers have not been
identified yet, molecular mimicry as docu-
mented in other autoimmune disorders can-
not be excluded. Moreover, a recent study
suggests that ADAMTS13 is efficiently in-
ternalized by antigen-presenting cells,
thereby potentially contributing to initiation
of CD4� T-cell responses to ADAMTS13
in previously healthy individuals.5

Over the past years we have learned that a
major binding site for antibodies resides in the
spacer domain (reviewed in Pos et al4). Detailed
mutagenesis studies pointed at an exposed sur-
face area in the spacer domain composed of
Arg660, Tyr661, and Tyr665 as being a crucial

part of the epitope.6 Examination of a large panel
of plasma from patients with acquired TTP
revealed that Arg568 and Phe592 also contrib-
ute to the binding of anti-ADAMTS13 antibod-
ies.7 Progressive replacement of residues
Arg568, Phe592, Arg660, Tyr661, and
Tyr665 for Ala reduced antibody binding to
the spacer domain (see figure).7 Building on
these results, Jian and colleagues made con-
servative changes within these 5 residues.
Unexpectedly, the resulting “M5-variant”
exhibited a 10- to 12-fold increase in activ-
ity.1 In excellent agreement with earlier re-
sults from Pos and coworkers, the M5-
variant was resistant to inhibition of a panel
of autoantibodies from acquired idiopathic
TTP patients.1,7 The gain-of-function and
autoantibody-resistant ADAMTS13 variant
provides perspective of a novel therapeutic
avenue for treatment of patients with ac-
quired TTP.

The mainstay of treatment of acquired
idiopathic TTP is daily plasma exchange with
replacement of plasma until normalization of
platelet count and lactate dehydrogenase levels
as well as stabilization of clinical symptoms is
achieved. Suppression of anti-ADAMTS13
autoantibody formation is attempted by the
addition of corticosteroids and more and more
by the administration of the monoclonal anti-
CD20 antibody rituximab. During the past
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20 years the mortality rate of acute TTP bouts
has remained in the range of approximately
20%8 and morbidity of treatment complica-
tions is considerable. The gain-of-function
and autoantibody-resistant ADAMTS13 vari-
ant thus provides perspective of therapeutic
potential in acquired (and hereditary) TTP.
Using recombinant ADAMTS13,
Plaimauer et al recently demonstrated the
existence of a linear relationship between
inhibitor titer and recombinant ADAMTS13
necessary to restore 50% of VWF-cleaving
activity in plasma of acquired TTP patients in
vitro and that the required amount (� 0.5 U
recombinant ADAMTS13 per mL of plasma
and inhibitor titer) is within technical reach.9

The gain-of-function variant M5 of Jian et al
should be even better off, as the primary
step of neutralizing inhibitory antibodies
before restoring proteolytic activity wouldn’t
be required. In 20% to 30% of patients with
acquired TTP, anti–TSP2-8 and anti–
CUB1-2 antibodies are present,7,10 which
would neutralize or clear any recombinant or
plasma-derived ADAMTS13 variant simi-
larly. Although immune complexes are gener-
ally cleared rapidly, their continuous forma-
tion may eventually exceed the body’s
clearance capacity, upholding a proinflamma-
tory state with an activated endothelium and
release of the ADAMTS13 substrate, large

VWF multimers, and possibly involvement of
other organs. This may hamper the use of re-
combinant ADAMTS13 (wild-type or gain-
of-function mutant) as a single agent in ac-
quired TTP.

Finally, the phenomenon of “inhibitor
boosting” that occurs in about half of patients
treated with plasma exchange and whose un-
derlying mechanism has not been elucidated
yet needs to be considered. After an initial
improvement of clinical symptoms and
laboratory parameters, platelets fall again de-
spite continued daily plasma exchange, some-
times in association with new neurologic
symptoms and/or signs of cardiac ischemia.
In a number of cases a significant rise in
ADAMTS13 inhibitor titers is observed at
the same time. The administration of exog-
enous ADAMTS13 may very well provoke
the differentiation of ADAMTS13-specific
memory B cells into antibody-producing
plasma cells, although the experience of pa-
tients diagnosed with severe congenital
ADAMTS13 deficiency on regular pro-
phylactic plasma infusions—worldwide
about 150 affected patients (at least one-
third on regular plasma treatment) and so
far no report of a single case with the forma-
tion of inhibitory allo-antibodies—suggests
that plasma-derived ADAMTS13 per se is

not very immunogenic, at least not in heredi-
tary TTP.

Jian and coworkers clearly show that modi-
fication of the VWF A2 binding surface in the
spacer domain results in an impressive en-
hancement of VWF cleavage. Therefore, their
elegant report provides an excellent basis for
future studies aimed at improving the catalytic
activity of ADAMTS13 toward VWF. This
may not only be relevant for treatment of con-
genital and acquired TTP; gain-of-function
variants of ADAMTS13 might also be poten-
tially useful as a novel treatment regimen for
other thrombotic disorders such as stroke.
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Exposed VWF binding surface in the spacer domain comprising residues Arg568, Phe592 Arg661, Tyr660,
Tyr661, and Tyr665. These residues are targeted by autoantibodies that develop in patients with acquired TTP.
Conservative changes in these 5 residues result in a gain-of-function ADAMTS13 variant.
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