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The study aimed to test the inflammation hypothesis in antiphospholipid syndrome (APS) by assessing
biochemical markers of inflammation and platelet activation. Forty one patients with APS were compared to
40 controls. High-sensitivity C-reactive protein (hs-CRP) (as inflammatory biomarker), P-selectin and soluble
CDA40L (sCD40L) (as platelet activation markers) were measured by ELISA at enrolment and after 12
months follow-up. Serum hs-CRR P-selectin and sCD40L levels were significantly higher in patients with
APS compared to controls. P-selectin was significantly higher in APS patients with recurrent or acute
thrombosis compared to APS patients with no recurrent thrombotic events. Serum hs-CRP and anticardiolipin
antibodies (aCL) and were independent predictors of thrombosis in APS. In conclusion, persistent increased
hs-CRP titres demonstrated low-grade inflammation in APS. Serum biomarkers as aCL and hs-CRP were
independent thrombotic cumulative risk predictors in patients with APS.
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Antiphospholipid syndrome (APS) is histopathologicaly
defined by the presence of vascular thrombosis in the
absence of inflammation signs.

However, recently published data reported evidence for
a pro-inflammatory status in APS [1-4].

An antiphospholipid antibody-induced endothelial
proinflammatory response has been demonstrated by the
up-regulation of adhesion molecules (vascular cell
adhesion molecule-1 -VCAM-1 and E-selectin), and the
synthesis and secretion of proinflammatory cytokines.
Additionally, platelet activation and increased leukocyte
adhesion to activated endothelium was reported [4-8].In
catastrophic APS (affecting less than 1% of APS patients
with invariant evolution towards a life-threatening
condition), the systemic inflammatory response caused
by excessive cytokine release from necrotic tissues was
described as a possible new pathogenic mechanism.

Another example of inflammation as a basic pathogenic
mechanism in APS is the already described role of
complementin recurrent pregnancy losses in APS patients.
Briefly, complement activation products may cause an
imbalance in vascular growth factors required for normal
pregnancy evolution, causing an insufficient placental
infusion responsible for complications [9-17].

Inflammasome activation has been demonstrated in
vivo in a mouse model. Moreover, cells with an increased
expression of caspase-1 and NLR family pyrin domain
containing 3 (NLRP3), and high (up to three-fold) serum
concentration of interleukin-1b (IL-1B) have been
described in APS patients. These findings could suggest
chronic inflammasome activation and influence of
cofactors independent from antiphospholipid antibodies
(aPL) on APS pathogenesis [18-20].

However, the impact of inflammation in triggering
pathogenic mechanisms in APS is still not yet defined.

The study aimed to investigate the hypothesis of low-
grade inflammation in APS in correlation with the risk of
evolution with thrombotic events by assessing specific pro-
inflammatory and platelet activation biochemical markers.

Experimental part
Methods. Study population

The ambispective (retrospective and prospective for a
12 months follow-up period), non-randomized cohort study,
included 41 patients diagnosed with APS in the
Haematology, Neurology, Rheumatology and Clinical
Immunology Departments of the County Clinical
Emergency Hospital of Brasov (group A), and 40 healthy
volunteers without risk of thrombosis (control group). The
study was approved by the local Ethic Committee and all
the included patients signed an informed consent [21] and
the experimental procedures were carried out in
accordance with the mandatory principles of the ethics
[22, 23].

The study population included 14 patients with primary
antiphospholipid syndrome (PAPS), 20 patients with APS
secondary to systemic lupus erythematosus (LES
secondary APS) and 7 patients with APS secondary to
collagen diseases other than LES (non-LES secondary APS).

The diagnosis of APS was established according to
revised Sapporo criteria [24].

Inclusion criteria: patients with primary and secondary
APS with at least one clinical and one laboratory criterion.
In the moment of inclusion patients were retrospectively
evaluated for a history of thrombotic events, and
prospectively for the evolution of new thrombotic episodes
over a 12 months follow-up period (the number and the
type of thrombosis: arterial, venous, arterial and venous,
single or multiple).
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The occurrence of at least two thrombotic events
(arterial and/or venous and/or obstetric complications),
either at the time of inclusion or during the follow-up period
was considered as recurrent thrombosis.

There was no patient with catastrophic APS (clinical
evidence of multiple organic disease in a short period of
time). It is important to highlight that a patient with LES-
secondary APS from the study group had a normal
progression of a pregnancy during the follow-up, which is
arare condition.

Assessment of biochemical markers

Serum IgG or IgM anticardiolipin antibodies (aCL),
serum P-selectin, soluble CD40L (sCD40L), and high-
sensitivity C reactive protein (hs-CRP) levels were assessed
at baseline (V1) and after 12 months follow-up (V2), as
follows:

- aCL screening and typing (IgG, IgM) (ELISA, Quanta
reagent, Litelnova Diagnostics Inc San Diego, Bio-Rad
PR1100, normal value < 18 Ul/mL). aCL titres were
expressed in IgG (GPL) or IgM (MPL) phospholipid units.
Titres > 40 GPL or MPL were considered moderate-high,
while titres < 40 GPL or MPL were considered to be low.

- Determination of lupus anticoagulant (LA) was
performed using the following coagulation tests: Kaolin
coagulation time, activated partial thromboplastin time
(aPTT), prothrombin time (PT) and diluted Russell venom
viper time (dRVVT).

- Assessment of hs-CRP (immunoturbidimetric,
Diagnostic Systems International reagent, Hitachi 717,
normal value < 0.5 mg/L). The method is recommended
for samples with concentrations < 20 mg/L (range 0.05 -
20 mg/L).

- Evaluation of platelet activation markers was
performed by a solid phase ELISA technique (Human s-P-
selectin, R & amp; D Systems, Minneapolis, USA) to
determine the soluble P-selectin serum levels, normal
values < 113 ng/mL and

- The soluble form of CD40L was assessed by a solid
phase ELISA technique (Human sCD40L, R & amp; D
Systems, Minneapolis, USA), normal values < 11451 pg/
mL.The seven patients with an acute thrombotic event
during the follow-up were included in the moment of
admission for the thrombotic complication. The
assessment of the biochemical markers of platelet
activation and inflammation was performed in the same
time with aCL titres (within the first two to three days after
diagnosing the thrombotic event).

Thrombosis Diagnosis

The diagnosis of thrombosis was performed by
ultrasound for deep vein thrombosis, angio computed
tomography for pulmonary thromboembolism,

arteriography for peripheral arterial occlusion, and
computed tomography for cerebral thrombosis.

Statistics

Statistical analysis was performed using the SPSS 22.0.0
statistical package (SPSS Inc., Chicago, IL). Continuous
quantitative variables were expressed as median (25"
percentile; 75" percentile) (in case of non-normal
distribution) or mean = standard deviation (SD) (for normal
distributed variables), and nominal qualitative values as
number (n) and percentage (%). Chi-squared (x?) test was
used to compare categorical values. The analysis of
variance (the independent samples t-test/ANOVA) was
utilized to compare means, and Man-Whitney U test to
compare medians, as appropriate. A P-value < 0.05 was
considered statistically significant. Correlation of
continuous quantitative 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 aCL, serum P-selectin,
sCD40L, and hs-CRP were considered for multivariate
regression analysis. Logistic regression analysis was used
to investigate whether high titre of aCL, hs-CRP, P-selectin,
sCD40L could independently predict a thrombotic event.

Results and disscussions

The study group included 14 patients with PAPS (7
females) with a mean age of 45.5£27 years and a mean
disease age of 3.5 years, 20 patients with LES-secondary
APS (16 women), with an average age of 47+27 years
and a mean disease age of 5.6 years, and 7 patients with
non-LES secondary APS (4 women) with an average age
of 4621 years and a mean disease age of 4.6 years.

In the 41 patients group with APS, 28 had a history of
recurrent thrombosis (two thrombotic events at least): 12
patients with PAPS (4 patients with arterial recurrences, 6
patients with venous recurrences, 1 patient with arterial
and venous recurrence, and 1 patient with recurrent
abortion), 13 patients with LES-secondary APS (9 patients
with arterial recurrences, 2 patients with venous
recurrences, and 2 with recurrent abortions), and 3 patients
with non-LES secondary APS (2 patients with arterial
recurrences, 1 with venous recurrences).

V1 hs-CRP levels were significantly higher in patients
with APS compared to controls (table 1). There was also a
significant difference between V2 hs-CRP values in the
study group versus the control group (table 2). Persistance
of elevated serum levels of hs-CRP in APS group (both at
V1 and V2) reveals the presence of a low-grade
inflammation and confirms the hypothesis of a pro-
inflammatory status in APS patients. In APS inflammation
is considered as a possible second hit in the two-hit
pathogenic scenario of platelet activation.

- Study group
V1 "= Controls
APS patients
( P ) P Table 1
Biomarker n=41 n =40 SERUM
BIOCHEMICAL
hs-CRP (mg/L) 30.95 (7.26: 29.75) 0.05 (0.03; 0.19) 0.03 MARKERS AT
BASELINE (V1) IN THE
STUDY GROUP VS.
P-selectin (ng/mL) 195.40 (94.51; 316.27) 102.92 (86.06; 109.17) < 0.0003 CONTROLS
sCD40L (pg/mL) | 16871.60 (5727.90; 25670.40) | 4031.79 (2710.62: 4301.50) | 0.000008

Values are expressed as median (252 percentile; 759 percentile)
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Study group
vz (APS patients) Controls »
Biomarker n=41 n =40 Table 2
SERUM BIOCHEMICAL
hs-CEP (mg/L) 21.07 (10.21;19.27) 0.05(0.02; 0.14) 0037 | MARKERS AFTER 12 MONTHS
FOLLOW-UP (V2) IN THE
P_selectin STUDY GROUP VS.
119.52 (73.79; 278.50 101.96 (285.04; 108.25 0.019
(ng/mL) a ) ( ) CONTROLS
sCD40L (pg/mL) | 11682753 (3720.12; 13687.07) | 403139 (2337.17; 4289.75) | 0.045

Values are expressed as median (257 percentile; 75 percentile)

There was also a significant difference in serum P-
selectin levels between APS patients and controls, both at
V1 and at V2 (table 1, 2). sCD40L was significantly higher
in APS patients compared to controls, both at V1 and at V2
(table 1, 2). High persisting serum levels of P-selectin and
sCD40L during follow up demonstrates platelet activation
in APS patients.

Moreover, in APS patients serum hs-CRP was
significantly correlated to aCL titres (R = 0.38; p = 0.014)
and to P-selectin levels (R = 0.296; p = 0.05).

In APS study group, values of V1 hs-CRP were higher in
patients with a history of recurrent thrombosis compared
to patients without a history of recurrent thrombosis, but
not statisticaly significant (table 3). At V2 (after 12 months
follow-up) the serum hs-CRP values were higher in the
group of patients with APS and recurrent thrombotic events
versus the group of APS patients without recurrent
thrombotic events, without statistical significantion (table
4).
Instead, at baseline (V1) P-selectin was significantly
higher in APS group with a reccurent thrombosis in history
compared to APS patients without a history of recurrent
thrombosis (table 3). Serum P-selectin was also
significantly increased in patients with APS and recurrent
throbosis compared to those without any recurrent
thrombotic event during the follow-up (V2) (table 4).

No significant differences were observed in sCD40L
serum levels between the group of APS patients with
recurrent thrombosis compared to those without recurrrent
thrombotic events, neither at the inclusion (V1) neither
after the 12 months follow-up period (V2) (table 3, 4).

These results support the conclusion of other published
reports that already demonstrated a platelet activation in
APS [8, 25-27].

At the inclusion (V1), serum hs-CRP was higher in APS
patients with an acute thrombotic event than in patients
with a history of recurrent thrombotic events [66.09 (24.07;
71.34) mg/L versus 27.11 (12.76; 38.26) mg/L, values
expressed as medians (25" percentile; 75 percentile)],
but without statistic significance (p = 0.24). Neither the
titres of sSCD40L were significantly different between the
two APS patients subgroups at V1 [17976.54 (6117.78;
29274.38) versus 14856.76 (4227.34; 25267.07) pg/mL, p
= 0.18, values expressed as medians (25" percentile; 751"
percentile)]. Instead, a statistic significant difference in
serum P-selectin levels was observed between the two
subgroups [281.76 (152.72; 379.23) compared to 91.54
(61.45; 264.89) ng/mL, p = 0.21, values expressed as
medians (25" percentile; 75" percentile)].

Multiple logistic regression of the independent variables
correlated with the likelihood of developing a recurrent
thrombotic event in APS patients revealed that serum aCL
and hs-CRP were independent predictors of thrombosis in
APS patients from the studied group: Odds Ratio 1.0902,
95% Confidence Interval (C.1.): 0.9893-1.2014, p = 0.0006,
respectively, 1.1215, 95% C.I.: 0.9844-1.2778, p = 0.0006.
Serum hs-CRP was the best predictor of thrombosis risk in
APS patients enrolled in our study group.

Moreover, the higher the aCL or hs-CRP serum values,
the higher the risk of thrombosis in APS patients from our
study group. A combination of an elevated aCL titer with
increasing hs-CRP levels expressed a cumulative prediction

Table 3
SERUM BIOCHEMICAL MARKERS OF LOW-GRADE INFLAMMATION AND PLATELET ACTIVATION AT BASELINE (V1)
IN APS PATIENTS WITH RECURRENT THROMBOSIS IN HISTORY COMPARED TO THOSE WITHOUT RECURRENT
THROMBOSIS IN HISTORY FROM THE STUDY GROUP

Vi APS patients with recurrent APS patients without
thrombosis recurrent thrombosis P
Biomarker n=28 n=13
heCEP (mg/L) 2711(12.25;20.03) 18.26 (11.63; 19.97) 021
P-zelectin (ng/ml)* 21220 (126.83; 316.03) 04 51 (78.01; 316.20) 0.04
zsCD40L (pg/mL) 1728237 (6125.93; 28837.62) 1587533 (4871.20; 23621.71) 0.15

Values are expressed as median (230 percentile: 73 percentils)
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Table 4
SERUM BIOCHEMICAL MARKERS OF LOW-GRADE INFLAMMATION AND PLATELET ACTIVATION AT V2 IN APS PATIENTS WITH
RECURRENT THROMBOSIS COMPARED TO THOSE WITHOUT THROMBOSIS DURING THE FOLLOW-UP

V2 APS patients with recurrent APS patients without
= thrombaosis recurrent thromhbosis P
Biomarker n=28 n=13
hs-CEP (mg/L) 19.65(11.21; 21.78) 17.48(10.93; 20.03) 0.23
P-zelectin (ng/mL)* 20043 (124.32; 319.45) 9287 (69.73;293.6T) 0.04
sCD40L (pg'mL) 16927.68 (3716.34; 27867.43) | 15178.80 (4723 87; 22345 56) 0.17

Values are expressed as median (237 percentile; 739 percentile)
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risk of developing a thrombotic event in APS patients (fig.
1).

Conclusions

Increased and persisting serum levels of biochemical
markers hs-CRP, P-selectin, and sCD40L observed in the
APS group of patients enrolled revealed a low-grade
inflammation and a platelet activation in APS. Serum
biomarkers aCL and hs-CRP were independently associated
with an increased risk of thrombosis in APS patients. hs-
CRP proved to be the best independent predictor for the
evolution with a thrombotic event in our APS study group.
High serum aCL predicted cumulative thrombotic risk with
increasing hs-CRP serum levels in APS patients.
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