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Heparin-induced thrombocytopenia (HIT) is a clinically relevant adverse effect of heparin therapy, commonly used for
thromboprophylaxis after, for example, (major) surgery1,2 or
membrane oxygenation.3 Depending on the preparation of
heparin, the incidence of HIT may range from 2 to 30 cases
per 1,000 treatments.4 The main hallmark of HIT is a sudden
severe drop in circulating platelet counts, typically 5 to
10 days after the initiation of (ﬁrst-time) heparin treatment.
Despite low platelet counts, HIT is paradoxically accompanied by venous, microvascular, and arterial thrombosis in up
to 50% of cases5 and often calls for alternative strategies of
anticoagulation.2,6
The pathologic mechanism of HIT, known to date, is an
immune reaction toward complexes of platelet factor 4
(CXCL4), a chemokine abundantly released from platelets,7
and negatively charged polymers (polyanions, e.g. heparin,
nucleic acids, polyphosphates, bacterial cell wall components).
Binding of CXCL4 to such polyanions may lead to the formation
of neoepitopes in CXCL4.8,9 In addition, the concatenation of
CXCL4 on the elongated anionic templates can induce the
formation of large immunogenic aggregates with a high potential to initiate immune responses in B cells.10 The resulting
antibodies directed against the CXCL4/polyanion complexes
potently activate platelets and monocytes by crosslinking their
gamma globulin (Fcγ) receptors, ultimately leading to abnormal platelet and leukocyte counts, vascular inﬂammation, and
thrombosis.2,11
In rare cases, HIT can also occur without any (prior)
exposure to heparin. This spontaneous or autoimmune HIT
might be triggered by major orthopaedic surgery or bacterial
infections. The resulting clinical symptoms, low platelet
counts and severe complications (disseminated intravascular coagulation, microvascular thrombosis), can persist for
weeks. The antibodies that characterize autoimmune HIT can
also activate platelets in the absence of heparin and appear to
bind more strongly to CXCL4.
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Deciphering the properties of antibodies that characterize
and cause HIT may give cues to understanding HIT pathophysiology. For example, X-ray crystallography studies on the
model monoclonal HIT-antibody “KKO” bound to the complex
of CXCL4 with fondaparinux yielded knowledge about the
nature of HIT antibody interactions and of their epitopes.9
However, the structural determinants of antibodies involved
in (the heparin-independent) autoimmune HIT are still unknown. In addition, the characterization of antibodies from
patient sera is hampered by difﬁcult puriﬁcation procedures,
poor yield, and the polyclonal nature of the resulting antibody
isolates.
In the study by Vayne et al in this issue of Thrombosis and
Haemostasis,12 humanized monoclonal antibodies (humAbs)
were raised against a complex of CXCL4 with heparin to serve
as a model for the antibodies found in patients with autoimmune HIT. Since these antibodies contained a human Fc
region, they behaved as HIT or autoimmune HIT antibodies,
similar to those found in patients. Through biochemical and
biophysical techniques, the authors characterized the properties of the three obtained humAbs and compared them
with the existing model antibody KKO. All antibodies bound
to immobilized CXCL4/heparin complexes to a similar extent
and the concentration-dependent signal intensities of the
humAbs resembled those of sera from patients with autoimmune HIT. Like KKO, the novel humAbs induced platelet
activation. But unlike KKO, this also occurred in the absence
of heparin, which is a feature typical of autoimmune HIT.
Atomic force microscopy revealed high binding strengths
and low off-rates of the humAbs, comparable to autoimmune
HIT antibodies from patient sera. Isothermal titration calorimetry showed a notable release of heat when CXCL4 was
titrated with the humAbs, which reﬂected the conformational change in CXCL4 exposing the neoepitope(s). This was
supported by dynamic light scattering, where the humAbs
effectively induced oligomerization of CXCL4, similar to the
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Fig. 1 Schematic representation of immune complex formation relevant for heparin-induced thrombocytopenia (HIT) pathophysiology. (A)
Complexes of platelet factor 4 (CXCL4) and polyanions, e.g. heparin from large complexes with induction of conformational changes in CXCL4,
thereby exposing neoepitopes. These complexes can directly activate B cells, which in turn produce antibodies that bind to CXCL4–heparin
complexes. (B) Autoimmune HIT antibodies can bind CXCL4–heparin complexes but can additionally induce conformational changes in CXCL4
independently of polyanions. The resulting large complexes can directly activate platelets and might also activate immune cells, e.g. monocytes
and B cells.

patient autoimmune HIT antibodies. Solid phase binding
assays further showed that the novel humAbs bound both
to CXCL4 and CXCL4/heparin complexes. Interestingly, one of
the humAbs showed dual reactivity toward CXCL4 and to
heparin, which the authors explained by its positive zetapotential. By computational epitope mapping, the authors
could predict that the binding epitope of the humAbs was
spread over multiple monomer subunits within the CXCL4
tetramer and was distinct from the epitope of the monoclonal KKO. The observations above led the authors to conclude
that the new humAbs, unlike the polyclonal ones from
patients, can serve as a speciﬁc monoclonal source of model
antibodies for the investigation of HIT and particularly
autoimmune HIT pathophysiology.
The ﬁndings in this study are a further methodological
step toward our understanding of the still incompletely
characterized pathophysiology of typical HIT and autoimmune HIT. Given the potentially life-threatening consequences of HIT, there is a need for speciﬁc therapeutics, for
example, that can disrupt HIT antibody-CXCL4 interactions.
This is particularly relevant for autoimmune HIT, where
treatment options are still limited. A thorough structural
characterization of the (neo)epitopes of CXCL4 for HIT antibodies is an important ﬁrst step for the development of
speciﬁc drugs. Still, some issues remain unaddressed in this
study. Most importantly, although interactions of CXCL4
with endogenous or bacterial polyanions (ribonucleic acid,
polyphosphate, lipid A) are implicated in the pathophysiology of autoimmune HIT,13 the binding characteristics of the

novel humAbs with these polyanions have not been assessed.
Consequently, whether different polyanions induce similar
neoepitopes in CXCL4 remains unanswered.
Taken together, the crooked conformation of CXCL4,
induced by polyanions or directly by autoimmune HIT
antibodies ultimately leading to symptoms (►Fig. 1) might
also hold the key for developing speciﬁc therapeutics to
prevent HIT in patients with heparin-based thromboprophylaxis risk.
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