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A B S T R A C T

Introduction: Annexin A2 (ANXA2), an endothelial cell receptor for plasminogen and tissue plasminogen acti-
vator, has been identified as a new autoantigen in antiphospholipid syndrome (APS). ANXA2 can exist as a
monomer or a heterotetrameric complex with S100A10 protein. This S100A10 subunit also plays a pivotal role in
the regulation of fibrinolysis. The aim of this study was to evaluate the prevalence of autoantibodies directed
against S100A10 protein in patients with APS.
Methods: Patients with primary antiphospholipid syndrome (PAPS), patients with systemic lupus erythematosus
(SLE) and patients with unexplained thrombosis were retrospectively included in this study. Patients were fol-
lowed in the department of Internal Medicine of Amiens University Hospital, Amiens, France. IgG and IgM anti-
S100A10 antibodies were detected in the serum of patients by enzyme-linked immunosorbent assay. The cut-off
value for positivity was defined as 3 standard deviations above the mean optical density (OD) obtained in the
sera of 116 healthy blood donors.
Results: The study group consisted of 116 healthy individuals and 106 patients: 42 APS patients (26 patients
with PAPS and 16 patients with secondary SLE-related APS), 43 SLE patients without APS and 21 patients with
unexplained thrombosis. The median age of APS patients, SLE patients without APS, patients with unexplained
thrombosis and healthy individuals was 47, 38, 53 and 42 years, respectively. Anti-S100A10 antibodies were
detected in 11.9% of APS patients and this prevalence was statistically higher than that observed in healthy
individuals (1.7%) (p= 0.0148). Highest levels of anti-S100A10 were observed in the serum of one PAPS patient
with venous thrombosis and one SLE patient with APS with a history of stroke and recurrent miscarriage.
Conclusion: S100A10 protein, the binding partner of ANXA2, was identified as a target of autoantibodies in sera
from patients with APS. Further studies involving a large cohort of APS patients are required to determine
whether these antibodies could play a role in thrombogenic mechanisms of APS and to determine their diag-
nostic value in discriminating clinical subgroups of patients with APS, particularly those with seronegative APS.

1. Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disease
characterized by vascular thrombosis and/or pregnancy morbidity as-
sociated with persistent antiphospholipid antibodies [1]. Several pa-
thogenic mechanisms are involved in APS, such as activation of en-
dothelial cells, platelets and monocytes, inhibition of the natural
anticoagulant protein C/protein S pathway, activation of the comple-
ment system and impairment of fibrinolysis [2,3]. Many components of
the fibrinolytic system are targets for autoantibodies in APS, such as
tissue activator plasminogen (tPA), plasminogen (Plg), plasmin and

annexin A2 (ANXA2) [3]. ANXA2, an endothelial cell surface receptor
for tPA and Plg [4], was identified as a new autoantigen in APS by
several groups several years ago [5–7]. ANXA2 belongs to the family of
annexins, which are Ca2+-regulated phospholipid-binding proteins [8].
ANXA2 exists as a monomer in cytoplasm or can form a hetero-
tetrameric complex associated with the cell membrane [9]. This com-
plex, comprising two ANXA2 subunits and a dimer of S100A10, is in-
volved in the assembly of tPA and Plg at the endothelial cell surface.
S100A10 promotes the translocation of ANXA2 to the cell surface [10]
and ANXA2 protects S100A10 from proteasomal degradation [11].
Conflicting models have been proposed concerning the exact role of

https://doi.org/10.1016/j.thromres.2019.04.027
Received 22 February 2019; Received in revised form 19 April 2019; Accepted 23 April 2019

⁎ Corresponding author at: Department of Internal Medicine, Amiens University Hospital, F-80054 Amiens Cedex 1, France.
E-mail address: salle.valery@chu-amiens.fr (V. Salle).

Thrombosis Research 179 (2019) 15–19

Available online 24 April 2019
0049-3848/ © 2019 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/00493848
https://www.elsevier.com/locate/thromres
https://doi.org/10.1016/j.thromres.2019.04.027
https://doi.org/10.1016/j.thromres.2019.04.027
mailto:salle.valery@chu-amiens.fr
https://doi.org/10.1016/j.thromres.2019.04.027
http://crossmark.crossref.org/dialog/?doi=10.1016/j.thromres.2019.04.027&domain=pdf


these proteins (either ANXA2 or S100A10) individually (or as a com-
plex) in the plasmin activation process [12–14]. S100A10 belongs to
the S100 family of small dimeric calcium-binding proteins (10–12 kD),
which are involved in several cellular processes, such as cell cycle
regulation, cell growth, cell differentiation, motility, contraction, se-
cretion and transcription [15]. S100 proteins contain two EF-hand
motifs, which, except for S100A10, are responsible for Ca2+-binding
[16,17]. S100A10 has been observed in various cell types, such as en-
dothelial cells, macrophages, fibroblasts, epithelial cells and cancer cell
lines [17]. S100A10 binds to tPA and Plg and plays a role in regulation
of plasmin generation [17]. S100A10 has also been shown to play an
important role in fibrinolysis and angiogenesis in vivo [18]. The aim of
this study was to evaluate the prevalence of anti-S100A10 auto-
antibodies in APS.

2. Patients and methods

2.1. Patients

Patients with systemic lupus erythematosus (SLE), primary anti-
phospholipid syndrome (PAPS) and unexplained thrombosis were ret-
rospectively included in this study. All SLE patients met the revised
American College of Rheumatology classification criteria [19]. The
majority of APS patients met the revised criteria for APS [1], but some
patients presented clinical features of APS with low positive antic-
ardiolipin antibodies (ACL) and the diagnosis of APS in these patients
can be equivocal [20]. Other patients also presented clinical features of
APS, but with negative “classical” antiphospholipid antibodies corre-
sponding to a diagnosis of seronegative APS [21]. Patients with venous
or arterial thrombosis with no hereditary coagulation defects con-
stituted the unexplained thrombosis group. None of these patients had
any underlying autoimmune or neoplastic disease. All patients were
monitored at the Amiens University Hospital department of Internal
Medicine. Healthy individuals were recruited at the Amiens branch of
the French Blood Agency-North of France and from the general popu-
lation. Demographic data were collected for patients and healthy in-
dividuals. APS subtypes were recorded for each APS patient, as follows:
arterial, venous, microvascular, obstetric and catastrophic (according to
Asherson's criteria) [22]. The following laboratory data were collected
for APS and SLE patients: IgG and IgM anticardiolipin antibodies (ACL),
IgG and IgM anti-β2 glycoprotein I antibodies (aB2GPI). Blood samples
for patients and blood donors were stored at −80 °C at the Picardy
Biobank. Each patient and healthy individual provided written in-
formed consent to use these stored samples for research. Ethical review
and approval were not required for this study in accordance with the
local legislation and institutional requirements at the beginning of the
study.

2.2. Detection of anti-S100A10 antibodies

An Enzyme-linked Immunosorbent assay (ELISA), performed in the
biochemistry laboratory, was used to detect IgG and IgM anti-S100A10
antibodies. The S100A10 recombinant protein (ABNOVA, Taïwan,
RDC) was used as antigen. 96-well plates were coated overnight at

+4 °C with S100A10 recombinant protein (0.5 μg/mL) in even rows
and with phosphate buffered saline (PBS) in odd rows. After three
washes with PBS/0.1% Tween (PBST), wells were blocked with 3%
bovine serum albumin in PBST for 90min at room temperature. Wells
were then washed three times with PBST and serum (diluted to 1:200 in
blocking buffer) was added to both S100A10- and PBS-coated wells in
duplicate for 30min at room temperature. Mouse monoclonal anti-
S100A10 antibody (Abcam, Cambridge, UK) was used as positive con-
trol. Sera from both patients and healthy individuals were used for each
ELISA assay. After three washes with PBST, wells were incubated with
100 μL of peroxidase-conjugated antibodies (goat anti-mouse IgG, goat
anti-human IgG, goat anti-human IgM (Sigma, St. Louis, MO, USA))
(diluted to 1:2000 in PBST) for 30min at room temperature. After three
washes, 100 μL of tetramethylbenzidine solution (Sigma) were added
and color development was stopped with 50 μL of H2SO4. Absorbance
was measured at 450 nm and the results were expressed as optical
density (OD), calculated by subtracting the background from wells
without S100A10. The cutoff value for determining positivity of anti-
S100A10 IgG or IgM was defined by 3 standard deviations (SD) above
the mean value observed with a serum panel from 116 blood donors.

2.3. Statistical analysis

The prevalence of anti-S100A10 antibodies in patients and controls
was compared by Fisher's exact test. 95% confidence intervals were
calculated using the exact Klopper- Pearson method. A Kruskal Wallis
test was used to compare the crude level of anti-S100A10 IgG and IgM
titers in healthy individuals and the groups of patients with SLE without
APS, APS and unexplained thrombosis. Post hoc analyses were per-
formed using the Wilcoxon rank-sum test with Hochberg adjustment. A
pvalue < 0.05 was considered for statistical significance.

All statistical analyses were performed with RStudio software
Version 1.0.143 – © 2009–2016 RStudio (R.3.4.0 software).

3. Results

3.1. Patient characteristics

One hundred six patients were retrospectively included as follows:
42 APS patients, 43 SLE patients without APS, 21 patients with un-
explained thrombosis and 116 healthy individuals. Five patients had
seronegative APS, one of whom had seronegative obstetric APS with
positive anti-annexin A5 antibodies. Two patients had equivocal APS.
Patient demographic characteristics and biological profile of antipho-
spholipid antibodies of APS and SLE patients are summarized in
Table 1. APS patients presented a female predominance (78.5%) and
the sex ratio was almost the same as that reported in a large cohort of
APS patients [23]. Signs of venous thrombosis were present in the
majority of APS patients and arterial thrombosis was observed in almost
one-half of APS patients. Catastrophic APS was observed in 2 patients.

3.2. Prevalence of anti-S100A10 antibodies

The prevalence of anti-S100A10 antibodies among healthy

Table 1
Demographic characteristics of studied population and biological profile of antiphospholipid antibodies of APS and SLE patients.

n Median age, years (range) Female/Male Positive ACL (%) Positive aB2GPI (%)

Healthy individuals 116 42 (18–69) 61/55 – –
APS 42 47 (17–75) 33/9 61.9 45.2
Primary APS 26 47.5 (24–75) 18/8 57.6 38.4
Secondary APS related to SLE 16 35 (17–56) 15/1 68.7 56.2

SLE without APS 43 38 (19–78) 42/1 22.5 10
Thrombosis of unknown etiology 21 53 (32–74) 13/8 – –

ACL: anticardiolipin antibodies, aB2GPI: anti-β2 glycoprotein I antibodies.
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individuals was 2 out of 116 patients (1.7%) (Table 2), similar to the
reported prevalence of anti-ANXA2 in healthy populations [5,6]. Anti-
S100A10 antibodies were detected in almost 12% of APS patients and
this prevalence was statistically higher than in the control group
(p=0.0148) (Table 2). The prevalence of anti-S100A10 antibodies in
SLE without APS was low (2.3%) and similar to that observed in con-
trols (Table 2). No patient had both IgM and IgG anti-S100A10. Anti-
S100A10 antibodies were not detected in patients with unexplained
thrombosis. We found a statistically significant difference in IgG anti-
S100A10 titers between the four groups studied (Fig. 1) (p= 0.0002)
and this difference was more specifically observed between un-
explained thrombosis and SLE without APS (p= 0.0034) and between

APS patients and SLE without APS (p=0.0049).
The control group differed from all the other three groups regarding

IgG (p=0.0356, p=0.0399 and p= 0.0399 for APS, unexplained
thrombosis and SLE respectively). IgG levels were not different between
APS and unexplained thrombosis (p= 0.7154). No statistically sig-
nificant difference was observed when we compared APS patients with
and without anti-S100A10 antibodies in terms of clinical phenotype
such as venous thrombosis, arterial thrombosis, microvascular throm-
bosis and obstetric morbidity (data not shown). We did not find any
positive results for anti-S100A10 antibodies in patients with cata-
strophic APS, the most severe form of APS. The highest anti-S100A10
antibody levels were observed in serum from two patients, a woman
with SLE and APS with a history of thrombotic events, such as stroke
and recurrent pregnancy losses, and a man with PAPS and deep vein
thrombosis (Table 3).

4. Discussion

This present study identified, for the first time, S100A10 as a target
antigen for autoantibodies in APS. Anti-S100A10 antibodies were sig-
nificantly more prevalent in patients with APS than in healthy in-
dividuals. S100A10 is a binding partner of ANXA2 [24] and plays an
important role in fibrinolysis [18]. At the cell surface, S100A10 is
present predominantly in a heterotetrameric complex consisting of two
ANXA2 subunits and a S100A10 homodimer [17]. ANXA2 stabilizes
intracellular S100A10 and endothelial translocation of ANXA2 to the
cell surface requires S100A10 expression [10]. The prevalence of anti-
S100A10 antibodies was lower than that of anti-ANXA2 antibodies re-
ported in APS by Cesarman-Maus (22.6%) [5]. The amino-terminal tail
domain of ANXA2 contains the binding site for S100A10 and the
S100A10 subunits of the heterotetrameric complex are positioned in the
center of the complex in the classical “closed” conformation [25].
However, three different molecular arrangements of the tetrameric
complex are observed depending on the presence of calcium and
S100A10 is exposed away from the phospholipid bilayer in the “open”
conformation [25]. The conformation of the tetrameric complex may
therefore mask target epitopes present on S100A10 protein. Further-
more, in a recent study evaluating the vascular expression of ANXA2
and its S100A10 subunit in lupus nephritis, the vascular expression of
S100A10 in patients with lupus nephritis was less intense than that
observed for ANXA2 [26]. However, the study involves a relatively
small number of patients and further studies in a large cohort of APS
patients are needed to confirm these preliminary data. Among positive
patients for anti-S100A10 antibodies, three APS patients were also
positive for anti-ANXA2 antibodies with the same isotype (data not
shown). The co-occurrence of antibodies against S100A10 and to
ANXA2 could be explained by epitope spreading to distinct proteins
within the same protein complex. One of the two APS-positive patients
with the highest levels of anti-S100A10 antibodies was a 51-year-old
female patient with SLE and APS with a history of stroke and recurrent
pregnancy losses. S100A10 is present in the core transcriptome of 115
genes that are critical for placental function across species [27]. In a
recent study investigating the cellular localization of ANXA2/S100A10
complex, expression of S100A10, ANXA2 and the ANXA2/S100A10
complex was observed in amniotic membrane, blood vessels, the brush
border area of the syncytium and trophoblasts [28]. S100A10 may also

Table 2
Prevalence of anti-S100 antibodies.

APS patients (n=42) SLE patients without APS (n= 43) Unexplained thrombosis (n=21) Controls (n= 116)

Positive anti-S100A10 IgG 1/42=2.4% [0.06%; 12.6%] 0/43=0% [0%; 8.2%] 0/21=0% [0%; 16.1%] 1/116=0.9% [0.02%; 4.7%]
Positive anti-S100A10 IgM 4/42=9.5% [0%; 8.2%] 1/43=2.3% [0.06%; 12.3%] 0/21=0% [0%; 16.1%] 1/116=0.9% [0.02%; 4.7%]
Positive anti-S100A10 IgG and/or IgM 5/42=11.9% [4.0%; 25.6%] 1/43=2.3% [0.06%; 12.3%] 0/21=0% [0%; 16.1%] 2/116=1.7% [0.2%; 6.1%]

Data are presented as the number and percentages, with 95% confidence intervals.

Fig. 1. Levels of IgG (A) and IgM (B) anti-S100A10 antibodies in patients and
controls. The dashed line represents the cutoff, which is the mean OD+ three
standard deviations of the 116 normal controls.
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play a crucial role in embryo implantation [29]. In the light of these
data, we hypothesize that anti-S100A10 antibodies could have a pa-
thogenic role in patients with obstetric morbidity. Further studies are
needed to determine whether anti-S100A10 antibodies are associated
with obstetric morbidity. S100A10 has a widespread distribution in
body tissues, particularly in the brain. An interaction has been observed
between S100A10 and the serotonin receptor, 5-HT1B, and S100A10
increases the localization of 5-HT1B receptors at the cell surface [30].
S100A10 knockout mice exhibit a depression-like phenotype [30]. APS
patients may present several psychiatric manifestations, such as de-
pression [31]. S100A10 also plays a crucial role in endothelial cell
function by regulating plasmin generation. S100A10 knockout mice
present increased vascular fibrin deposition. Cerebral involvement in
APS involves an APL-induced “prothrombic state” and an immune-
mediated pathogenesis with direct binding of APL to central nervous
system antigens. Further studies are needed to evaluate whether anti-
S100A10 antibodies are associated with thrombotic and non-throm-
botic neurological features of APS. The prevalence of anti-S100A10
antibodies should also be evaluated in patients with cryptogenic stroke
or depression.

In conclusion, we identified S100A10 protein, the binding partner of
ANXA2, as a new autoantigen in APS. Further studies involving a large
cohort of APS patients are required to determine whether anti-S100A10
antibodies could play a role in thrombogenic mechanisms of APS and to
determine their diagnostic value in discriminating clinical subgroups of
patients with APS, particularly those with seronegative APS.
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