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RÉSUMÉ

Risque de thrombose récurrente lié aux anticorps 
antiphospholipidiques, au niveau sérologique de 
CD40L soluble et de la sélectine P chez les patients 
atteints de syndrome antiphospholipidique

Objectif de l’étude. D’évaluer la valeur pronostique 
des niveaux de P-sélectine et sCD40L liés à l’évolution 
d’une thrombose récurrente chez les patients atteints 
de syndrome antiphospholipidique (APS).
Matériel et méthodes. Quarante et un patients at-
teints d’APS, âgés de 47,87 ± 12,91 ans, 30 femmes, 
ont été suivis pendant 24 mois pour l’évolution 
d’une thrombose récurrente. Les niveaux sériques 
de P-sélectine et sCD40L ont été évalués à l’aide de 
la méthode ELISA standardisée (R & D Minneapolis, 
USA) au départ et 12 mois par la suite. Vingt su-
jets sains également démographiques ont servi de 
témoins. Statistiques: tests t / ANOVA / tests U 
de Mann-Whitney, tests de corrélation Pearson / 
Spearman, multivariés suivis d’une régression logis-
tique (SPSS 22.0.0). L’étude a été approuvée par le 

ABSTRACT

The objective of the study was to evaluate the prog-
nostic value of P-selectin and  sCD40L levels related 
to the evolution of recurrent thrombosis in patients 
withantiphospholipid syndrome (APS).
Material and methods. Forty one patients with 
APS, mean age 47.87 ± 12.91 years, 30 women, were 
followed-up for 24 months for the evolution with re-
current thrombosis. Serum P-selectin and sCD40L lev-
els were assessed using a standardised ELISA method 
(R&D Minneapolis, USA) at baseline and 12 months 
thereafter. Twenty healthy subjects, with similar demo-
graphic characteristics, served as controls. Statistics: t 
test / ANOVA / Mann-Whitney U tests, Pearson / 
Spearman correlation tests, multivariate followed by 
logistic regression (SPSS 22.0.0). The study was ap-
proved by the local Ethics Committee and each en-
rolled patient signed an informed consent.
Results. Patients with APS showed significantly high-
er P-selectin levels than control group (219.04±146.24 
vs. 94.20±20.75 ng/dL, P<0.0003). Logistic regression 
analysis revealed serum P-selectin as an independent 
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INTRODUCTION

The risk of recurrent thrombosis in patients with 
 antiphospholipid syndrome (APS) is high, but there 
are conflicting opinions on which antibodies should 
be measured to detect patients at risk of recurrent 
thrombosis1-4. Experimental observations suggest that 
the platelet is an important player in the pathogenesis 
of the APS, and that CD62P (P-selectin) and sCD40L 
are independent markers of platelet activation2-6.

Published data revealed that  antiphospholipid 
antibodies (aPL) are particularly associated with a 
risk of thrombosis, especially recurrent events and 
pregnancy morbidity7-11. The risk appears to be higher 
for  lupus anticoagulant (LA) than for aCL, but when 
high titers of aCL are considered, the risk is also in-
creased9-12.

The researches in the APS pathology have been 
„blinded“ for a long time by the idea that negatively 
charged phospholipids represent the main determi-
nants of the clinical manifestations of the syndrome13.

More recent studies have focused on a concept 
of cells and cellular activation as the key to unravel-
ling the pathophysiology of the syndrome13,14. Over 
the last 20 years, serum proteins and cellular recep-
tors that are involved in aPL-mediated cellular activa-
tion have been identified. Several cell types, among 
of platelets15-17, monocytes and endothelial cells18-21, 
have been investigated, focusing on their contribu-
tion to a possible aPL–mediated disease. Platelet ac-
tivation, tissue factor expression on the endothelial 
cells and leucocytes, and activation of the comple-
ment system21-24, have been observed in aPL positive 
(aPL+) patients, providing a possible explanation for 
the clinical manifestations of the syndrome. Probably 

the most widely accepted hypothesis nowadays is 
that some aPL may activate platelets and other cells 
to promote thrombosis.In mouse models of APS en-
dothelial cells, monocytes and platelets all became 
activated when anti-beta 2-glycoprotein I antibodies 
were infused25.

The work of Proulle et al. revealed that inhibi-
tion of platelet activation prevents the second activa-
tion of endothelial cells1. In this context, the idea of 
identifying a platelet activation marker, subsequently 
useful in predicting the risk of thrombotic events in 
APS patients is challenging.

THE OBJECTIVE OF THE STUDY was to evaluate 
the prognostic value of P-selectin and sCD40L lev-
els for the evolution with venous or arterial recur-
rent thrombosis in patients withAPS. We aimed to 
find out whether serum P-selectin and sCD40L levels 
could predict subsequent thromboembolic events in 
patients with APS.

MATERIAL AND METHODS

Forty-one patients with APS, diagnosed accord-
ing to the revised Sapporo classification for APS cri-
teria, mean age 47.87±12.91 years, 30 women, were 
followed-up for 24 months regarding the evolution 
with recurrent (venous or arterial) thrombosis (Group 
1). Twenty healthy subjects with similar demographic 
characteristics served as controls (Group 2).

Serum IgG or IgM  anticardiolipin antibodies 
(aCL), serum P-selectin and sCD40L levels were as-
sessed (ELISA – R&D Minneapolis, USA) at baseline 
(V1) and after 12 months (V2) in the studied groups. 
Fourteen of the APS patients group had  primary 

Comité d’éthique local et chaque consentement a été 
signé par le patient inscrit.
Résultats. Les patients atteints d’APS ont montré 
des niveaux de P-sélectine significativement plus élevés 
que le groupe témoin (219,04 ± 146,24 contre 94,20 
± 20,75 ng /dL, P <0,0003). L’analyse de régression 
logistique a révélé la P-sélectine sérique en tant que 
prédicteur indépendant de la thrombose récurrente 
chez les patients atteints d’APS (OR = 1,01, IC 95% : 
1.0004-1.0207, P = 0,0028).
Conclusion. La P-sélectine s’est avérée être un 
prédicteur indépendant de la thrombose récurrente 
chez les patients atteints d›APS.

Mots -clés: syndrome antiphospholipidique, 
P-sélectine, sCD40L, thrombose récurrente.

predictor of recurrent thrombosis in patients with APS 
(OR=1.01, 95% CI 1.0004-1.0207, P=0.0028).
Conclusion. P-selectin proved to be an independent 
predictor of recurrent thrombosis in patients with 
APS.

Key words: antiphospholipid syndrome, P-selectin, 
sCD40L, recurrent thrombosis.

Abbreviations
sCD40L: soluble CD40L
APS: antiphospholipid syndrome
LA: lupus anticoagulant
aPL: antiphospholipid antibodies
aCL: anticardiolipin antibodies
PAPS: primary antiphospholipid syndrome
SLE: systemic lupus erythematous
INR: international normalized ratio
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antiphospholipid syndrome (PAPS), 20 patients had 
secondary APS associated with  systemic lupus ery-
thematous (SLE), and other 7 patients had secondary 
APS not associated with SLE (non-SLE).

Patients were excluded in case of aspirin or clopi-
dogrel therapy prior to blood sampling, as the poten-
tial impact of these drugs on platelet activity could 
not be determined.

In patients experiencing an acute thrombotic 
event, soluble adhesion molecules were measured at 
the time of aPL assessment (2-3 days after the acute 
thrombosis). The local Ethics Committee approved 
the research and each enrolled patient signed an in-
formed consent.

Statistical analysis was performed using the 
SPSS 22.0.0 statistical package (SPSS Inc., Chicago, 
IL). Quantitative variables were expressed as median 
(percentile 25; percentile 75) (in case of non-normal 
distribution) or mean ± standard deviation (SD) (for 
normal distributed variables), and qualitative values 
as number (n) and percentage (%). While the 2 test 
was used for categorical values, the analysis of vari-
ance (t-test/ANOVA) was utilized to compare the 
continuous variables, and Man-Whitney U test to 
compare medians, as appropriate. A P-value < 0.05 
was considered statistically significant. Correlation 
of quantitative continuous variables was assessed by 
Pearson test, and Spearman test was used to study 
correlations of qualitative variables. Independent 
variables associated to recurrent thrombosis, such as 
serum P-selectin, sCD40L levels, and aCL, were con-
sidered for multivariate regression analysis. Logistic 
regression analysis was used to investigate whether 
high titers of P-selectin, sCD40L and aCL were in-
dependently associated to recurrent thrombosis and 
acute thrombotic events, and could independently 
predict a thrombotic event.

RESULTS

Baseline characteristics, thrombotic events and 
follow-up results of the study population are present-
ed in Table 1.

The patients receiving warfarin had mean  in-
ternational normalized ratio (INR) = 2.1 at the time 
of enrolment. Seven patients experienced an acute 
thrombotic event till the end of the follow-up pe-
riod: 5 patients with PAPS (of whom 4 had venous 
thrombosis and 1 was diagnosed with pulmonary 
embolism); 1 patient with LES (venous thrombosis); 
and 1 patient with secondary APS non-SLE (arterial 
thrombotic event).

Patients with APS showed significantly 
higher serum V1 P-selectin and V1 sCD40L le-
vels than healthy controls [195.4(94.51; 316.27) 

vs. 102.92 (86.06; 109.17), P<0.0003], respectively, 
[16871,6(5727.90; 25670.40) vs. 4031.79(2710.62; 
4301.50), P=0.000008]. A significant positive corre-
lation was observed between their seric levels. Serum 
P-selectin levels were significantly and positively cor-
related to serum sCD40L levels (R=0.453, P=0.0004).

At V2 (after 12 months of follow-up), soluble 
P-selectin and sCD40L levels were significantly high-
er in APS patients vs. controls [119.52 (73.79; 278.59) 
vs. 102.92 (86.06;109.178),P=0.019], respectively, 

Table 1. Baseline characteristics and thrombotic 
events of the study group

Age (years) 47±27

Male/female (n, %) 11 (26.82%)/ 
30(26.82%) (73.17%)

Mean duration of APS (years) 6.41

Hypertension (n, %) 18 (45%)

Diabetes mellitus (n, %) 4 (10.00 %)

Current smoker (n, %) 18 (45.00 %)

Hypercholesterolemia (n, %) 22 (55.00 %)

Hypertriglyceridemia (n, %) 17 (42.50 %)

Low HDL (n, %) 4 (10.00 %)

High LDL (n, %) 25 (64.00 %)

BMI ≥ 25 kg/m2 (n, %) 16 (39.00 %)

Warfarin treatment (n, %) 17 (41.46%)

aCL(-)LA(+) (n, %) 1 (2.40 %)

aCL(+)LA(-) (n, %) 30 (73.11 %)

aCL(+)LA(+) (n, %) 10 (24.39 %)

Clinical findings
Venous thrombosis (n, %)
Arterial thrombosis (n, %)

Abortion (n, %)

11 (26.82 %)
18 (43.90 %)
6 (14.63 %)

Recurrent thrombosis (n, %) 28 (68.29 %)

Multiple thrombosis (n, %) 11 (26.82 %)

Acute thrombotic event during 
follow-up (n, %) 7 (17.07 %)

Laboratory findings

L anticoagulant
Percentage above normal (n, %) 11 (26.82 %)

Anticardiolipin antibodies IgG
Percentage above normal (n, %)

Mean titre (GPL/mL)
17 (41.46 %)

56.02

Anticardiolipin antibodies IgM
Percentage above normal (n, %)

Mean titre (MPL/mL)
13 (31.70%)

44.89

P-selectin
Mean titre (ng/mL) 219

sCD40L
Mean titre (pg/mL) 17980.50

Thrombocytopenia (n, %) 8 (19.51 %)

Livedo reticularis (n, %) 3 (7.31 %)
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[4767.9(2873.47;6837.75) vs. 4031.39 (2337.17;4289.75), 
P=0.045].

APS patients with a history of recurrent throm-
bosis had higher V1 P-selectin levels than APS patients 
without a history of thrombosis [212.203(126.834; 
316.05) vs. 94.51(78.01; 316.27) ng/dL, P=0.04].

No significant difference in sCD40L levels was 
observed in patients with primary and secondary 
APS with recurrent thrombosis, compared to APS pa-
tients without recurrent thrombosis [4767.9(2873.47; 
6837.72) vs.4031.39(2337.17; 4289.75), P=0.15].

Multivariate regression of high serum titers of 
P-selectin, sCD40L, and aCL as variables associated 
with the occurrence of thrombotic events, followed by 
logistic regression analysis, revealed P-selectin as the 
most appropriate variable to independently predict re-
current thrombosis in APS patients group (OR=1,01, 
95% Confidence Interval (CI)=1.0004-1.0207, 
P=0.0028).

APS patients with acute thrombosis during 
the follow-up period had significantly higher V1 
P-selectin levels than APS patients with a history 
of recurrent thrombosis [318.57(222.89; 416.94) vs. 
187.705(120.54; 267.64), P=0.04], and compared to 
patients without a history of thrombosis [92.11(77.00; 
289.36), P=0.04].

DISCUSSIONS

Although there have been numerous studies re-
porting the risk of arterial or venous thrombosis asso-
ciated with aPL, there are important methodological 
limitations and differences in study characteristics 
that may explain conflicting results.

Abnormalities of haemostasis, fibrinolysis, en-
dothelium, and platelets have all been described in 
APS. The abnormal platelet activation in APS may 
represent a „pre-embolic“ status. Raised levels of solu-
ble adhesion molecules reveal a persistent procoagu-
lant state, a continuous endothelial and platelet acti-
vation in patients with APS18,19,23,26-28. In our study, 
APS patients with recurrent thrombotic events had 
significantly higher levels of P-selectin (both at V1 
and V2), reflecting an enhanced platelet activation. 
Moreover, serum P-selectin levels were significantly 
and positively correlated to acute thrombotic events 
occurrence. Assessment of this platelet membrane 
activation marker may provide a useful marker to 
identify APS patients at high thromboembolic risk. 
Furthermore, P-selectin may represent a target for 
novel thromboprophylactic agents to be developed 
for APS patients. Although our study supports the 
correlation of high serum P-selectin to thromboem-
bolic events in APS, there are still many issues to be 
investigated.

Fanelli and collaborators have investigated the 
platelet activation in neuro-PAPS patients15. They 
have investigated 16 patients with PAPS by flow-cy-
tometry in the presence of circulating activated 
platelets, as defined by the surface expression of 
activation-dependent glycoprotein CD62 (P-selectin). 
In addition, the relationship among activated plate-
lets and aCL antibodies was evaluated. Compared 
to normal subjects, CD62 was found significantly 
increased in PAPS patients. Furthermore, a signifi-
cantly increased percentage of CD62-positive plate-
lets was found in the neuro-PAPS group (9 patients) 
compared to non-neuro-PAPS patients (7 subjects), 
p<0.01. On the contrary, no significant difference was 
found between the two groups, with regard to aCL 
IgG and blood platelet count. Moreover, in the neu-
ro-PAPS group, no difference has been found in the 
CD62-positive platelet percentage between the 4 pa-
tients with thrombocytopenia and the 5 patients with 
normal blood platelet count. Similarly, neuro-PAPS 
subjects with previous peripheral arterial and/or ve-
nous thrombosis did not show a significantly more el-
evated level of CD62-positive platelets. Finally, a line-
ar correlation of aCL IgG level and the CD62-positive 
platelet percentage in all the patients was found, 
and, more significantly, in the neuro-PAPS group, 
but not in the non-neuro-PAPS patients. Our data 
demonstrate that circulating activated platelets are 
detectable by flow cytometry in the majority of PAPS 
patients, and suggest the existence of a relationship 
among activated platelets, aCL, and neurological dis-
ease that PAPS patients might undergo.

Garcia E. et al4 studied the levels of soluble adhe-
sion molecules in three groups of subjects: 20 patients 
with PAPS associated with SLE – all with a throm-
botic episode (arterial, venous or both), 20 subjects 
with aPL without any clinical findings, and 20 healthy 
controls. The presence of aPL with and without clini-
cal findings is linked to increased levels of E-selectin, 
a marker of endothelial activation. Serum concentra-
tion of intercellular adhesion molecule-1 (ICAM-1) (a 
molecule that mediates the firm adhesion of circulat-
ing cells) was normal (absence of clinical events during 
follow-up, with the possibility of an increased level of 
ICAM-1 in relation to the appearance of new throm-
bi). The presence of simultaneously increased levels of 
P-selectin in patients with APS supports the idea of a 
platelet activation status as a possible explanation of 
the clinical findings in this disease. The persistence 
of raised levels of adhesion molecules rules out an in-
creased expression of these antigens as a consequence 
of a recent thrombosis or abortions.

Joseph JE. et al examined the expression of the 
platelet activation markers CD62P (P-selectin) and 
CD63 by flow-cytometry in 20 patients with PAPS. 
Levels of soluble P-selectin were also assayed. The 
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median level of soluble P-selectin was significantly 
higher in PAPS patients compared to control pa-
tients. Patients receiving aspirin had lower median 
CD63 values compared to the patients not under 
aspirin treatment. Aspirin therapy did not signifi-
cantly prevent platelet activation occurring in some 
individual patients. These data suggest that although 
not excessive, there is a degree of increased platelet 
activation in some PAPS patients, which cannot be 
always suppressed by antiplatelet therapy with aspi-
rin17-19.

The CD40–CD40 ligand (CD40L) system has 
been involved in the pathophysiology of atherothrom-
botic complications and prognosis of cardiovascular 
disease, as well as in the processes of inflammation 
and thrombosis26,28. The surface-expressed CD40L is 
cleaved from the platelets over a period of minutes 
to hours, subsequently generating a soluble fragment. 
Circulating soluble CD40 ligand (sCD40L) is be-
lieved to derive predominantly from activated plate-
lets and, hence, may reflect platelet activation. High 
serum concentrations of sCD40L were proposed to 
be associated with increased vascular risk.

Ferro D. and collaborators have investigated the 
relationship between APL antibodies and sCD40L 
levels in patients with SLE and aPL+. They demon-
strated that sCD40L was more elevated in SLE with 
aPL patients compared to those without aPL; the 
specificity of those findings was corroborated by the 
lack of difference of disease activity, which could af-
fect the levels of sCD40L in the two subgroups. The 
SLE aPL(+) patients with a history of thrombosis had 
higher circulating sCD40L than SLE aPL(+) with no 
history of thrombosis. As sCD40L is known to exert 
a prothrombotic effect, enhanced circulating levels of 
sCD40L may represent a novel mechanism of throm-
bosis in APS 29.

Complement deposition on platelets was identi-
fied as a marker of venous, but not arterial thrombo-
sis, in SLE patients independently of traditional risk 
factors and aPL antibodies29. In our study, patients 
with recurrent thrombotic events had significantly 
higher levels of V1 and V2 sCD40L, reflecting an 
enhanced platelet activation (like P-selectin levels) 
during the whole follow-up period. This is the first 
study that has performed serial determinations of this 
platelet membrane activation marker in patient with 
APS. Our study supports the existence of an associa-
tion of thromboembolic events and serum P-selectin 
as a marker of platelet activation in APS. However, 
there are still many controversies requiring further 
investigations.

Limitations and perspectives
The present study has several limitations. 

First limitation was the small size of the studied 

population. Finally, the relatively low-event (throm-
boembolic) rate in our APS group, despite relatively 
high-risk patients. Thrombosis is the defining feature 
of antiphospholipid syndrome, but only thrombosis 
cannot explain many of the clinical features of the 
syndrome. Anticoagulant therapy can become an 
incomplete treatment for many of its symptoms.The 
study found the need to consider additional risk fac-
tors (platelet activation markers, markers of endothe-
lial activation) for the best clinical information on 
thrombotic risk, especially in patients who do not 
associate the presence of LA with APS. Recent stud-
ies have identified P-selectin as having procoagulant 
properties and ref lecting a prothrombotic status. 
Elevated P-selectin has been identified as a risk factor 
for thromboembolism and as biomarker with predic-
tive value for recurrent thrombosis in patients with 
lupus anticoagulant presented with a first thrombotic 
event.This study identified two such markers for eval-
uating APS thrombotic risk: P-selectin and sCD40L. 
Analysis of these two markers utility does not exclude 
other additional markers in the antiphospholipid 
syndrome. Using their combination for evaluating 
thrombotic risk could have an additional contribu-
tion to assess the risk of thrombotic recurrence in 
patients with antiphospholipid syndrome.Thrombotic 
risk assessment is more difficult in patients with se-
ronegative antiphospholipid syndrome. In seronega-
tive antiphospholipid syndrome patients, combined 
use of P-selectin and sCD40L may have additional 
value for thrombotic risk assessment.Markers of plate-
let activation may play an important role in assess-
ing the risk of thrombosis in asymptomatic patients 
with persistence of positivity aCL, which is currently 
a therapeutic controversy. Currently,in these patients 
the individual risk of thrombosis must be assessed, 
considering congenital or acquired risk factors for 
thrombosis, the combination of an autoimmune dis-
ease (especially systemic lupus erythematosus), and 
profile of antiphospholipid antibodies (LA; IgG and 
/ or anti- 2-GPI moderate titer greater) to consider 
the initiation of primary prophylaxis for thrombosis, 
with low dose aspirin (75 to 100 mg per day).

CONCLUSION

P-selectin proved to be an independent predic-
tor of recurrent thrombosis in our study group of pa-
tients with antiphospholipid syndrome, so a possible 
promising serologic marker for the evolution with/
prediction of thrombotic events in patients with an-
tiphospholipid syndrome.
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