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Deep vein thrombosis accompanied by pulmonary embolism and
thrombotic occlusion of the cerebral and coronary arteries are
common and severe complications of antiphospholipid syndrome
(APS).1 Antibodies against beta-2 glycoprotein I (b2GPI) bound
to endothelial and other circulating cells, including platelets and
monocytes, have been implicated in thrombus formation.2 Evidence

from animal models supports a 2-hit theory with 1 hit represented by
the presence of antibodies against the cell-bound b2GPI and the
second hit triggered by mechanical, physical, and/or inflammatory
stimuli promoting the deposition of b2GPI on endothelial cells.2-4

Infectious agents, arterial hypertension, pregnancy, oral contracep-
tive pills, and surgical interventions have all been documented as
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potential triggers.2 These findings have important implications in
APS patients undergoing surgery, particularly in those requiring
bypass surgery to restore blood flow following a thrombotic vascular
occlusion.5

Activation of the complement system by antibody-b2GPI com-
plexes has been shown to play a critical role in thrombus formation as
demonstrated by the ability of C5 inhibitors to prevent blood clots in
animals receiving intravascular infusion of antibodies to b2GPI.

3,6,7

Herein we report for the first time the case of an APS patient with
vascular occlusion who required bypass surgery and was success-
fully treated prophylactically with eculizumab to prevent thrombosis
of the bypass.We also provide evidence of complement deposition at
the site of the occluded vessel.

The complement system was investigated by measuring 50%
complement (CH50) hemolytic activity in serum and the circulating
levels of the activation products C5a and terminal complement
complex (C5b-9) in plasma samples collected inEDTAas previously
described in detail.8

The wall of the occluded femoral artery was examined by indi-
rect immunofluorescence for deposits of b2GPI and complement

activation products by using primary antibodies from goat (anti-
immunoglobulin G [anti-IgG], Sigma-Aldrich, Milan, Italy; anti-
C1q and C4 [The Binding Site, Birmingham, United Kingdom];
and anti-C3 [Quidel, San Diego, CA]), rabbit (anti-von Willibrand
factor, Dako, Glostrup, Denmark]), and mouse (anti-C9 monoclonal
antibody AE11),9 aloong with human antibody selected from the
humanphage display library (monoclonal antibody anti-b2GPI)

6 and
fluorescein isothiocyanate–labeled secondary antibodies.

The patient is a 59-year-old woman admitted to this study after
obtaining informed consent and approval from the Institutional
Review Board of Milan, Area B. She had a long history of primary
APS10 starting at the age of 43 years with an episode of left limb
deep vein thrombosis and secondary pulmonary thromboembolism
followed 6 months later by complete occlusion of the right anterior
and posterior tibial arteries, leading to amputation of the III, IV, and
V right toes. Screening analysis for antiphospholipid antibodies
revealed positivity for lupus anticoagulant and high levels of IgG
anticardiolipin and anti-b2GPI. She was given anticoagulant therapy
with warfarin that was maintained thereafter. In 2007, the patient
experienced a large nonhealing skin ulcer in the pretibial area, and in

Figure 1. Complement profile in serum/plasma samples and immunofluorescence analysis of the wall of the occluded femoral artery for the deposition of b2GPI

and complement components. (A) CH50 hemolytic activity was evaluated in serum samples collected from the patient before (February 1, 2015) and at various time points

after the infusion of eculizumab. A pool of sera from 25 healthy blood donors (normal healthy sera [NHS]) was used as control. The levels of C5a and soluble C5b-9 were

measured in plasma samples at the same time points. A pool of plasma from 25 healthy blood donors (normal healthy plasmas [NHP]) was used as control. (B) The tissue was

stained for b2GPI with biotin-labeled recombinant antibody MBB2DCH2 followed by phycoerythrin-labeled streptavidin. To evaluate deposition of human IgG, CY3-labeled

goat anti-human IgG was used; goat polyclonal antibodies were used to detect C1q, C4, and C3 followed by tetramethylrhodamine-labeled rabbit anti-goat IgG. C9 deposition

was revealed by mouse monoclonal antibody (aE11) and CY3-labeled goat anti-mouse IgG. von Willibrand factor (vWF) on tissue was detected by using polyclonal rabbit IgG

followed by fluorescein isothiocyanate–labeled horse anti-rabbit IgG. The sections were examined under a Leica DM2000 fluorescence microscope (Leica) equipped with a

digital camera (DFC 490; Leica). Images were acquired by using Leica Application Suite Software. Original magnification 3200. Note the deposition of b2GPI, IgG, C1q, C4,

and C3, double-stained together with vWF on the endothelium, whereas C9 was predominantly localized in the subendothelium region.
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2012, she developed seizures. Two years later, multiple skin ulcers
appeared over the I and II toes of the right foot followed by critical
ischemia of the II right toe. Doppler ultrasound showed a partial
occlusion of the femoral artery just above the knee and multiple
segmental occlusions in both tibial arteries. Extensive investigation
for traditional cardiovascular risk factors was negative. Warfarin
therapy was stopped and replaced by low-molecular-weight heparin
(1 mg/kg every 12 hours) prior to percutaneous transluminal angio-
plasty of the distal femoral artery and the posterior tibial artery
and stenting of the right dorsalis pedis artery. Unfortunately, she
displayed an acute ischemia soon after the procedure that required
thrombolysis. Six weeks later, a progressive reduction in blood
supply to the II right toe was observed. Doppler ultrasound and
angiography revealed a subocclusion of the stent and complete
occlusion of the distal femoral and popliteal arteries and also of the
anterior and posterior tibial arteries. The patient was scheduled for a
femoro-popliteal bypass performed 2 weeks later. Because of the
high risk of rethrombosis after surgical procedure reported in the
literature,5 the previous clinical history of the patient, and failure
of animals that were C6 deficient3,9 and treated with anti-C53 to de-
velop antibody-induced thrombi, a short prophylactic treatment with
eculizumab was adopted to prevent complement activation. The
patient was still on low-molecular-weight heparin and received the
first dose of eculizumab (900 mg) the day before surgery followed
1week later by a second infusion of the same dose. The postoperative
period was uneventful, and complete revascularization of the right
limb was achieved while the patient was receiving heparin.

Analysis of the serum sample collected before the first infusion of
eculizumab showed a CH50 value within the normal range whereas
the levels of C5a and soluble C5b-9 were elevated in the plasma
sample (Figure 1A). The normal CH50 activity, despite the elevated
levels of the activation products of the terminal components, can be
explained by the higher sensitivity of the detection system used to
reveal the presence of these products. As expected, the CH50 activity
dropped to a negligible value 1 day after eculizumab administra-
tion and returned to a normal level approximately 50 days later
(Figure 1A). Similarly, the levels of these complement activation
products markedly decreased in the early phase after infusion and
then gradually arose to preinfusion values after therapy was
stopped, which suggests ongoing complement activation. The
marked decrease of the plasma levels of soluble C5b-9 and C5a
cannot be attributed to their interaction with eculizumab because
this antibody recognizes only native C5 and fails to react with either
C5a or C5b present in the terminal complex. This finding can be
better explained by the reduced release of newly formed C5 frag-
ments induced by eculizumab and also by their short half-life, which
helps limit their damaging effect.

Immunofluorescence analysis of cells from the artery wall
harvested during the bypass procedure (Figure 1B) revealed for the
first time in an APS patient the presence of b2GPI on the endothe-
lium perturbed by the mechanical occlusion and the associated
metabolic changes, which confirms the findings obtained in an
animal model of APS. We have previously shown that fluorescent-
labeled b2GPI does not bind in vivo to quiescent endothelium with
the exception of decidual endothelial cells and that the cell binding
requires priming by lipopolysaccharide.4 IgG co-localized with
b2GPI on the endothelial cells is most likely directed against this
glycoprotein, and the endothelial deposition of C1q, C4, and C3
provides indirect evidence that the cell-bound immune complexes
activate complement through the classical pathway. Progression of
complement activation to the terminal sequence is supported by the
vascular localization of C9 revealed by an antibody that recognizes

a neoantigen expressed by this molecule in the C5b-9 complex.
This extends to a human patient the finding of C9 deposited at sites
of thrombus formation in a rat model of APS induced by antibodies
to b2GPI.

3

In conclusion, we report for the first time complement activa-
tion by antiphospholipid antibodies in arterial thrombosis in the
circulation and, more importantly, in the arterial wall. Moreover, the
clinical history of our patient supports the rationale for complement
inhibition therapy with a short course of eculizumab to prevent
rethrombosis triggered by vascular surgery, although randomized
controlled studies are required to justify the adoption of this ther-
apeutic strategy. Our finding reinforces the use of eculizumab in APS,
which extends the beneficial effect of the drug already reported in
the catastrophic variant of this syndrome.11,12
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