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The thrombotic spectrum of antiphospholipid syndrome (APS) is
heterogeneous and ranges from mild thrombosis in isolation to
a catastrophic, multisystem disease, with thrombotic micro-
angiopathy and organ failure. The exact mechanism of APS-
related thrombosis remains to be elucidated and may differ
between subsets of patients. Murine data have linked throm-
bosis, at least in part, to complement activation.1,2 Chaturvedi
et al,3 in their interesting article in Blood, reported that patients’
serum induced C5b9 formation on human endothelial hybrid
cells and corresponding complement-dependent cell killing
(ie, modified Ham test). The authors argued that, with in-
creasing severity of disease, the role of unrestrained com-
plement activation via the alternative pathway becomes more
dominant, as corroborated by the high prevalence of com-
plement gene variants in catastrophic APS, quite like primary
atypical hemolytic uremic syndrome (aHUS). Their data suggest
that such patients should be screened for genetic variants and
treated accordingly.4

We evaluated the premise of Chaturvedi et al in an intrinsically
different subset of patients with APS,5 who presented with APS
nephropathy in a kidney biopsy.6 Serum samples were obtained,
processed, and immediately stored at 280°C at the time of the
biopsy. We used human microvascular endothelial cells (ATCC,
Manassas, VA).7 C5b9 formation on these endothelial cells re-
flects the dynamics of complement and disease activity in pa-
tients with primary aHUS.8,9 In brief, perturbed endothelial cells
were plated on glass culture slides, incubated with serum diluted
in medium, and stained for C5b9; pooled normal human serum
and serum from patients with primary aHUS were run in parallel.8

In selected experiments, the endothelium was stained for C3c or
immunoglobulin G (IgG) subclasses. Furthermore, we analyzed
in vivo complement activation. Kidney sections were stained for
C1q, C4d, C3c, and C5b9 to dissect the complement cascade.
Methods are detailed in the supplemental Material and methods
(available on the Blood Web site). The study was approved by
the regional ethics committee and was performed in accordance
with the Declaration of Helsinki.

In total, 17 consecutive patients with APS nephropathy were
included (Table 1). The female-to-male ratio was 0.9, and the
median age at diagnosis was 45 (interquartile range, 27-55)
years. Patients invariably presented with proteinuric kidney

disease (nephrotic-range proteinuria, n5 4), either with (n5 6) or
without microscopic hematuria. Kidney tissue sections showed
both acute and chronic morphologic features of thrombotic
microangiopathy in 14 cases; subendothelial electron-lucent
material confirmed the thrombotic microangiopathy on electron
microscopy (n/N5 7/8). Patients 01, 02, and 04 had focal cortical
necrosis without glomerular lesions, reflecting arteriolar throm-
bosis. Four (24%) patients were triple positive, 8 (47%) were
double positive, and 5 (29%) were single positive for lupus anti-
coagulant, anti-b2 glycoprotein-1 antibodies, or anti-cardiolipin
antibodies, confirmed on 2 occasions at least 12 weeks apart. Of
note, thrombocytopenia, but not hemolytic anemia, was found in
8 (47%) patients. C4 andC3 levels were low in 2 (n5 14; 14%) and
4 (n5 14; 29%) patients, respectively. The functional activity of the
classic pathway was decreased in 6 of 13 (46%) patients. None of
the patients had systemic lupus erythematosus.

At the time of presentation, 14 (93%) of 15 patients with APS
nephropathy showed normal ex vivo C5b9 formation on the
perturbed endothelium (Figure 1A), whereas massive ex vivo
C5b9 formation was found in 5 patients with aHUS and a path-
ogenic gain-of-function variant in C3 (ie, c.481C.T; p.R161W)10

was run in parallel. To date, none of our patients with primary
aHUS and at least 1 genetic variant linked to complement dys-
regulation of the alternative pathway had normal ex vivo test
results.11 Ex vivo C3c deposits appeared normal in the setting of
APS nephropathy in 4 samples examined, excluding complement
activation upstream of C5.

We consider the kidney tissue sections from our patients, with
the presence of abundant endothelial cells, to be an ideal in vivo
counterpart for the study of complement activation, either with
coinciding immunoglobulin deposition or not, in relation to
local thrombotic vascular changes. Seven (41%) of 17 samples
revealed scant C3c deposits along segments of the glomerular
capillary wall; C3c colocated with C5b9 in 2 cases (Figure 1C).
Neither C1q nor C4d was found, making activation of the
classic and lectin pathways highly unlikely. No electron-dense
deposits were found on electron microscopy, underscoring the
lack of complement deposits.

The clinical course and kidney survival of our patients also dif-
fered from the dire prognosis of primary aHUS not treated with
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therapeutic complement inhibition.12,13 Patients were followed
up for a median of 5.4 (interquartile range, 1.0-16.8) years;
2 patients were lost to follow-up. The follow-up is depicted
in supplemental Table 1. At presentation, anticoagulation
and immunosuppression were started in 10 (67%) and 7 (47%)
of 15 patients, respectively. None of the patients received
therapeutic complement inhibition. Kidney function stabi-
lized and/or improved in 13 (87%) of 15 patients. Patients
07 and 02, who presented with end-stage kidney disease,
did not recover kidney function. Five patients had recurrent
thrombosis, including the 4 patients who did not receive
anticoagulation; 1 of the latter (patient 03) died of catastrophic
APS.

Together, our experimental and clinical findings suggest that a
mechanism other than unrestrained complement activation is
key for the occurrence of renal thrombosis in APS. We studied
the dynamics of complement activation on the endothelium
during active arteriolar and/or microvascular thrombosis,
whereas the time of sampling in the cohort in Chaturvedi et al3

did not concur with the (macrovascular) thrombotic event. In
addition, the modified Ham test uses endothelial hybrid cells
that lack the complement regulatory proteins CD55 and
CD59, with a lower threshold for complement activation, as
compared with our ex vivo test. Based on our observations,
we decided not to test for variants in complement genes.7,11

Also, it remains to be established whether the reported
variants in complement genes3 are causal of (macrovascular)
thrombosis. First, the minor allele frequency of some variants

exceeds 0.1%; for example, deletion of CFHR1 and CFHR3 has
been identified in up to 8% of the European population,14

indicating a nonpathogenic change in the absence of factor H
autoantibodies. Second, loss of function variants in CFB and
CFHR5 are of no significance, as the transcribed proteins are
unlikely to overactivate complement.15 Third, the effects of
variants in CFHR4, THBD, and DGKE on complement regula-
tion are still controversial.

What then is the mechanism of APS nephropathy? Experi-
mental data in mice showed that non–complement-dependent
activation of tissue factor is key for the occurrence of renal
thrombosis.2 This fits our observation that non–complement-
fixing IgG2 was found on the endothelium after serum in-
cubation, whereas complement-fixing IgG1 and IgG3 were
not found in either of 2 patients (Figure 1B). APS-related
thrombosis, indeed, has been linked to anti-b2 glycoprotein-
1 and anti-cardiolipin IgG2, but not to other IgG subclasses.16,17

We therefore assume that the antiphospholipid antibodies
may cause renal thrombosis via a direct effect on the endo-
thelium.18 In addition, annexin A5 resistancemay play a role in a
subset of patients, including those with anti-b2 glycoprotein-1
antibodies.19

In summary, the suggestion that unrestrained complement ac-
tivation on the endothelium correlates with thrombosis in APS
cannot be extrapolated to patients with APS nephropathy. Fu-
ture studies are needed on the role of complement in various
subsets of patients with APS.
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Figure 1. Patients with APS and microvascular thrombosis
identified by kidney biopsy have normal ex vivo comple-
ment activation and lack significant in vivo complement
deposits. (A) Ex vivo C5b9 formation on the perturbed en-
dothelium did not differ between patients with APS (n5 15) and
normal human serum (NHS), whereas serum from patients with
primary aHUS and a pathogenic gain-of-function variant in C3
induced unrestrained complement activation (n 5 5); original
magnification 3400. **P , .01; NS not significant. (B) IgG2, but
not the other subclasses, bound to the endothelium when in-
cubated with serum from triple-positive patients (2 of 2); original
magnification 3200. (C) Microvascular thrombosis on kidney
biopsy (arrowheads). Scant deposits of C3c (7 of 17) and/or
C5b9 (2 of 17) along segments of the glomerular capillary wall
were uncommon. Original magnification 3400.
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