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Abstract

Antiphospholipid antibodies induce a pro-inflammatory and hypercoagulable state that lead to increased risk of thrombosis.
Whether oxidative damage contributes thrombosis risk is a matter of debate. We evaluated the association between oxida-
tive stress and thrombosis in primary antiphospholipid syndrome (t-PAPS). Plasma total antioxidant capacity and the levels
of malondialdehyde (TBARSs), carbonyl protein, and 8-isoprostane in plasma were determined in a group of patients with
t-PAPS and in individuals without a history of thrombosis (controls) using commercial ELISA assays. The levels of these
plasma markers of oxidative stress were compared between t-PAPS and controls using Mann—Whitney test. A total of 70
patients with t-PAPS and 74 controls were included. Overall, measurements of all plasma oxidative stress markers were
similar between t-PAPS patients and controls. In a subgroup analysis, patients with t-PAPS and arterial thrombosis had a
higher antioxidant capacity as compared to controls. Thrombotic PAPS was not associated with increased levels of oxida-
tive stress markers, in comparison with individuals without thrombosis. Even though it is not possible to rule out that a mild
oxidative damage, not detected by plasma markers, occurs in t-PAPS, our results suggest that measuring plasma oxidative
stress markers has limited clinical relevance in t-PAPS.
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bodies could trigger a pro-oxidative state.

The clinical relevance of oxidative damage for throm-
bosis risk in primary antiphospholipid syndrome is not
determined.

In this study, plasma levels of oxidative stress markers
were not associated with thrombosis in antiphospholipid
syndrome.

Plasma oxidative stress markers have limited role as bio-
markers of thrombosis in antiphospholipid syndrome.
Biomarkers capable of determining the risk of thrombo-
sis in individuals with antiphospholipid antibodies are
still needed.
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Background

Antiphospholipid syndrome (APS) is a chronic disor-
der characterized by thromboembolic events or obstetric
complications combined with the presence of at least one
antiphospholipid antibody (aPL), such a lupus anticoagu-
lant (LAC), anticardiolipin (aCL) and anti-beta2-glyco-
protein 1 (ap2GP1) [1]. The thrombotic manifestations are
venous, arterial or microvascular thrombosis. APS is diag-
nosed in approximately 10% of young adults with a stroke
and 20% of patients with unprovoked venous thrombosis
[2, 3]. Knowledge about the pathological mechanisms at
the basis of APS-associated hypercoagulability and throm-
bosis is yet evolving and. Recently, the presence of aPL
has been associated with a pro-oxidative state, which may
be a result of the reduction of antioxidant mechanisms
[4-6].

In vitro studies demonstrated that aPLs can deplete
antioxidant mechanisms, and trigger a pro-oxidative state
by increasing superoxide dismutase expression in leuco-
cytes, which provokes mitochondrial overload and unbal-
ance in ROS production [7]. Furthermore, aPLs was shown
capable of increasing the activity of nitric oxide synthase
induced (i-NOS) enzyme and the production of peroxyni-
trites, which are very reactive molecules that can trigger
oxidative reactions [8].

Despite being biologically plausible, the above-cited
oxidative mechanisms have not yet been proven clinically
relevant in patients with PAPS. Therefore, this study was
aimed to evaluate whether plasma markers of oxidative
stress are associated with thrombosis in PAPS.

Methods
Participants’ selection

The study participants were enrolled between May 2018
and July 2019. Consecutive patients with PAPS and throm-
bosis treated at the Hematology and Hemotherapy Center
of the University of Campinas were included in the study.
Inclusion criteria for patients comprised the diagnosis of
PAPS and the history of at least one thrombotic episode
confirmed by an imaging exam. PAPS was diagnosed in
patients with a persistently positive aPL antibodies; which
was defined as persistent positive LAC; persistent positive
IgG or IgM aCL at moderate to high titles (>40 GPL or
MPL) or persistent positive (>the 99th percentile) IgG/
IgM ap2GP1, on two occasions, with an interval of at
least 12 weeks. aPL assays were performed according to
the guidelines of the International Society of Thrombosis

and Haemostasis (ISTH) and the Clinical and Laboratory
Standard Institute (CLSI). Plasma samples were assayed
by dilute Russell’s viper venom time (dARVVT) and Sil-
ica Clotting Time (SCT) techniques for LAC detection.
IgG or IgM aCL and IgG/IgM ap2GP1 were confirmed
using semi-quantitative “in house” ELISA immunologi-
cal assays, with cardiolipin or B2GP1 as antigen (Sigma-
Aldrich, USA), as previously described [9-11]. Patients
with other systemic autoimmune diseases were classi-
fied as secondary APS and were excluded from the study.
Clinical and demographic information of the patients were
obtained from electronic medical records.

Individuals without a prior thrombosis, matched by the
gender and age distribution with the patients, were included
in the study as controls, these individuals were selected
among university students, hospital staff and blood donors.
Clinical and demographic information of controls without
thrombosis were assessed by interviews. Patients and con-
trols with systemic autoimmune diseases, neoplasia, cogni-
tive, hearing, or speech impairments and pregnancy were
excluded.

The study was approved by the Local Ethics Committee
in Research (CAAE: 83102317.5.0000.5404). All partici-
pants provided and informed consent to participate in the
study. By signing the informed consent form, all participants
also agreed with the publication of their data as long as they
remained anonymous.

Plasma markers of oxidative stress

Three 3.5 mL tubes (two containing ethylenediaminetet-
raacetic acid [EDTA] and one containing 0.105 mol/L
— 3.2% buffered sodium citrate) were used to collect whole
blood from each of the participants. After collection, whole
blood samples were centrifuged for ten minutes at — 4 °C
and 2500 rpm for plasma separation. The plasma obtained
was aliquoted and stored in a freezer at — 80 °C until the
evaluation of plasma markers of oxidative stress.

The markers of oxidative stress used in this study com-
prised markers of total antioxidant capacity and markers of
oxidative damage. To access plasma oxidative damage, we
measured plasma levels of malondialdehyde (MDA), car-
bonylated proteins, and 8-isoprostanes. All markers were
quantified by their commercial assay kits (Cayman Chemi-
cal®, Michigan, USA), according to the manufacturer’s
instructions.

For the evaluation of the total antioxidant capacity,
plasma samples from 51 patients and 54 controls were
tested. Total antioxidant capacity assay measures the capac-
ity of the enzymatic and molecular antioxidants in plasma
to avoid oxidation of the chromogenic compound ABTS
(2.2'-azino-di-[3-ethylbenzothiazoline-sulfonate) by met-
myoglobin. High values of total antioxidant capacity may
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indicate higher protection against oxidative damage. MDA
is a secondary organic product formed by the peroxidation
of polyunsaturated fatty acids. The quantification of this
biomarker is based on the reaction of the MDA contained in
the sample with thiobarbituric acid. High levels of MDA in
body fluids indicate increased oxidative damage. Likewise,
increased levels of protein carbonyl indicate an oxidative
imbalance, once carbonylation reactions in organic sub-
strates are performed by ROS overexpression. 8-isoprostane
consists of a eucosanoid produced by the non-enzymatic
oxidation of arachidonic acid and its concentration in the
biological sample is relative to free 8-isoprostane in plasma
and directly proportional to the oxidative impairment.

Statistical analysis

Descriptive analysis was expressed as frequency and per-
centage for categorical variables and point estimates (mean
or median) and dispersion [standard deviation (SD) or
interquartile range (IQR)] for the numerical variables. The
comparison of numerical variables between two groups
was performed using the unpaired Mann—Whitney test and
between three or more groups the Kruskal Wallis test. The
significance level adopted for this part of the study was 5%
(p<0.05). Data analysis was performed using SPSS Statis-
tics for Windows, Version 20.0 (IBM Corp. Released 2011.
IBM Armonk, NY: IBM Corp).

Results

Seventy patients with t-PAPS and 74 controls were included
in the study. Most of t-PAPS patients were women (64.3%)
and the mean age was 41 (SD=15) years. In the control
group, the mean age was 41 (SD=11) and most of the par-
ticipants were women (60.8%), as well. The prevalence of
kidney disease, hypertension, diabetes and dyslipidemia was
higher in t-PAPS than in controls. Statins use, alcohol use
and smoking were also more frequent among patients than
among controls. Demographic and clinical characteristics of
both groups are described in Table 1.

t-PAPS was characterized mainly by non-provoked
venous thromboembolism (VTE) or stroke, the patients’
mean age when the first thrombotic event occurred was
33.5 years old (SD=13.7). A total of 21 patients (28.6%)
had recurrent thrombotic events, with recurrences mostly
occurring as VTE or stroke. Triple positivity for aPL was
detected in 24.3% of the patients. All patients were using
warfarin and the latest thrombotic event had occurred
64 months (SD=58.1) prior to the inclusion in the study.
Controls had no symptoms of thrombosis or prior history
of thrombosis. They were not using any anticoagulant or
antiplatelet agent when included in the study. All clinical
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Table 1 Clinical and demographic characteristics of thrombotic-
PAPS and controls

Characteristics Controls (n=74) t-PAPS (n=70)

Demographic data

Age, mean (SD) 41 (11) 41 (15)
Sex n (%)

Female 45 (60.8) 45 (64.3)
Ethnicity n (%)

White 59 (79.7) 52 (74.3)

Black 7(9.5) 7 (10.0)

Others 8 (10.8) 11 (15.7)
Education n (%)

Primary education 1(1.4) 23 (32.9)

Secondary education 4(5.4) 40 (57.1)

Higher education 69 (93.2) 4.(5.7)

No formal education 0 34.3)
Cardiovascular risk factors n (%)

Hypertension 7(9.5) 25 (35.7)

Diabetes 2(2.7) 5(7.1)

Chronic kidney disease 0 6 (8.6)

Dyslipidemia 8 (10.8) 27 (38.6)

Statins use 4(5.4) 13 (18.6)

Smoking or alcohol abuse 19 (25.7) 28 (40.0)

SD standard deviation

and laboratory features related to t-PAPS presentation are
demonstrated in Table 2.

Results of the plasma markers of oxidative stress are
shown in Fig. 1. The median value of total plasma anti-
oxidant capacity was 1.05 mM (IQR 1.1-1.9) in t-PAPS
patients and 0.9 mM (IQR 0.6-1.4) in controls (P=0.08).
The median value of MDA was 8.8 umol (IQR 7.0-13.8)
in t-PAPS patients and 12.0 umol (IQR 6.6-16.9) in con-
trols (P=0.18). The plasma levels of carbonylated proteins
were similar between patients (median 32.3 nmol/mL,
IQR 26.8-44.3) and controls (median 35.1 nmol/mL, IQR
24.7-46.8; P=0.48) in controls. The mean concentration of
8-isoprostanes was 16.0 pg/mL (IQR 11.5-21.6) in patients
and 15.3 pg/mL (IQR 11.2-20.4) in controls (P=0.69).

Next, t-PAPS patients were grouped according to the
disease clinical manifestations, as follows: i. site of throm-
bosis (arterial or venous); ii. non-provoked and provoked
thrombosis; iii. single and recurrent thrombosis and iv. triple
positivity for the aPLs and non-triple positivity for the aPLs.
The total antioxidant capacity was increased in the subgroup
of patients with arterial thrombosis as compared to those
with venous thrombosis and controls (p=0.01). The results
of the other markers of oxidative stress were similar between
the subgroups.

We also grouped patients and controls according to the
presence of morbidities related to increased cardiovascular
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Table 2 Clinical and laboratory

. Clinical and laboratory features
features related to thrombotic

PAPS patients (n=70)

episodes in PAPS patients

Age in thrombotic episode, mean (SD)

Characteristics n (%)
Provoked
Non-provoked
NA
Site of thrombotic episode n (%)
Arterial thombosis
PAD
Stroke
Venous thrombosis
DVT
Unusual site
Multiple thrombosis n (%)

Site of recurrent thrombosis n (%)

PAD
Stroke
DVT

Unusual site

Time elapsed since the last thrombosis in months, mean (SD)
Recurrent miscarriages, n (%) (out of the 35 women with at least one preg-

nancy)
aPL profile n (%)
Lupus anticoagulant
Anticardiolipin antibody IgM
Anticardiolipin antibody IgG

Anti-B2-glycoprotein I antibody IgM/IgG

Triple positivity for aPL
Anticoagulant treatment n (%)

Warfarin

Number of thrombotic episodes, mean (SD)

1.4 (0.8)
33.5(13.7)

22 31.4)
46 (65.7)
2(2.9)

24 (34.3)
5(7.1)
19 (27.1)
46 (65.7)
36 (51.4)
10 (14.3)
20 (28.6)

1(1.4)
6 (8.6)

10 (14.3)
3(4.3)

64.6 (58.1)

16 (45.7)

59 (84.3)
6 (8.6)
22 31.4)
35 (50.0)
17 (24.3)

70 (100)

t-PAPS thrombotic primary antiphospholipid syndrome, SD standard deviation, NA not available, PAD
peripheral arterial disease, DVT deep vein thrombosis, aPL antiphospholipid antibodies

risk, such as hypertension, dyslipidemia, and diabetes. No
differences were observed in the levels of markers of oxida-
tive stress between individuals with and without cardiovas-
cular risk factors. Subgroups analysis are demonstrated in
Table 3.

Discussion

In this study, the plasma level of oxidative stress markers
was similar between t-PAPS patients and controls. This find-
ing was unexpected because previous studies have reported
that aPL can trigger an oxidative damage. Plasma levels of
paraxonase, which is an antioxidative enzyme linked to high-
density lipoproteins (HDL), were associated with aPL titers
in PAPS [12, 13]. In vitro studies showed that decreases
in paraoxonase activity expose low-density lipoproteins

(LDL) to an oxidative damage which ultimately leads to
the formation of oxidized forms of LDL (oxLDL), a very
reactive species capable of binding to f2GP1 and causing
endothelial injury [14]. 2GP1, which is the main antigen
target in APS, has also antioxidant activity and is related
to the regulation of coagulation mechanisms, fibrinolysis,
angiogenesis, and apoptosis [15]. When complexed with
oxLDLs, B2GP1 loses its protective activity and becomes
immunogenic by exposing cryptic antigens, which yields
to the production of auto-antibodies [16]. Finally, antibod-
ies directed against f2GP1 leads to the secretion of tissue
factor (FT), growth factors, cytokines, and metalloproteases
by endothelial cells, platelets, and monocytes [14, 16, 17].
Such pro-inflammatory state can cause a depletion of natural
antioxidant mechanisms and susceptibility to damage gen-
erated by the action of ROS. MDA, carbonylated proteins
and 8-isoprostanes, which are the biomarkers evaluated in
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Fig.1 Levels of plasma oxidative stress markers in controls and
thrombotic-PAPS patients. Boxplots represent the median and inter-
quartile range of the results obtained by the quantitative tests of a
Total antioxidant capacity; b Malondialdehyde; ¢ Protein carbonyl; d

this study, are produced as the result of lipids and proteins
oxidation by the action of ROS.

From a clinical perspective, Stanisavljevic et al. [18]
reported that patients with APS have an increase in lipid
hydroperoxides and advanced protein oxidation products,
which are peripheral markers of reactivity against lipids
and proteins, when compared to healthy controls. Sciascia
et al. [19] observed an increase in the concentration of 8-iso-
prostanes, another product from in vivo lipid oxidation, in
patients with PAPS and SLE, mainly in those with triple
positivity for aPLs.

Therefore, our findings were surprising because we
expected to observe increased levels of oxidative plasmatic
biomarkers in t-PAPS patients since previous studies have
demonstrated that aPLs are capable of decreasing the activi-
ties of antioxidant enzymes [15, 17], and oxidative stress
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value, PAPS primary antiphospholipid syndrome

can contribute to the deregulation of the immune response
and hypercoagulability in APS [7, 13, 20]. However, the
discrepancies between our results and previous data can be
explained by the fact that PAPS, unlike other autoimmune
diseases such as SLE, is associated with a low-intensity
inflammatory state, characterized by a mild increase in
acute-phase inflammatory proteins and cells [21]. There-
fore, it is possible that the mild inflammatory status of PAPS
leads to a mild oxidative state [22], not detectable by plasma
biomarkers.

With regard to the high total antioxidative capacity
observed in t-PAPS patients with arterial thrombosis, it is
possible that this phenomenon is due to the occurrence of
reactive exacerbation of antioxidant defenses. The process
of reactive exacerbation of antioxidant defenses consists of
elevating endogenous antioxidant protection mechanisms
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Table 3 Oxidative stress markers by subgroups of t-PAPS severity

Total antioxidant capacity MDA (umol) Protein Carbonyl (nmol/mL)  8-isoprotanes (pg/mL)

(mM)

n median (IQR) n median (IQR) n median (IQR) n median (IQR)
Controls 54 0.9 (0.6-1.4) 51 12.0 (6.6-17.0) 69 35.1 (24.8-46.8) 34 15.3 (11.2-20.4)
Venous thrombosis 34 1.4 (1.0-1.8) 39 8.5 (7.0-12.8) 46 32.7(27.7-45.1) 25 15.9 (10.7-21.5)
Arterial thrombosis 17 1.7 (1.2-2.2) 18 9.6 (7.2-14.4) 24 32.0 (22.4-42.1) 11 16.0 (11.5-18.0)
P value 0.01 0.39 0.57 0.91
Controls 54 0.9 (0.6-1.4) 51 12.0 (6.6-17.0) 69 35.1(24.8-46.8) 34 15.3 (11.2-20.4)
Single thrombosis 37 1.4 (1.0-2.0) 39 8.6 (7.1-13.9) 50 33.7 (26.8-45.1) 24 16.1 (11.4-22.9)
Multiple thrombosis 14 1.5(1.3-1.9 18 9.16 (6.6-13.2) 20 31.6 (23.5-37.9) 12 15.9 (10.7-17.8)
P value 0.16 0.41 0.66 0.3
Controls 54 0.9 (0.6-1.4) 51 12.0 (6.6-17.0) 69 35.1 (24.8-46.8) 34 15.3(11.2-20.4)
Non-triple positive 40 1.6 (1.1-2.0) 44 8.9 (7.1-13.4) 53 33.2(26.7-46.1) 27 15.8 (11.4-18.3)
Triple positive 11 1.2 (1.0-1.5) 13 8.3 (6.3-16.0) 17 30.4 (26.2-38.4) 9 19.3 (10.7-29.1)
P value 0.12 0.41 0.36 0.46

t-PAPS thrombotic primary antiphospholipid syndrome
P values were calculated by Kruskal Wallis

to prevent tissue damage in situations of oxidative stress.
This process has been described in smokers [23], asth-
matic patients [24], after physical exercises in patients
with metabolic and cardiopulmonary diseases [25] dur-
ing coronary artery bypass surgery [26], and also during
acute disease exacerbation chronic obstructive pulmonary
disease [27]. In the context of SLE, there are controversial
data regarding the measurement of patients’ plasma anti-
oxidant capacity, with studies reporting either increased or
decreased antioxidant capacity in SLE [18, 28].

Our study has some limitations that must be high-
lighted. First, all included patients were already being
treated with anticoagulants and it is not possible to exclude
that these drugs affected the oxidative state in patients.
Second, most thrombotic events occurred more than three
years ago before the inclusion in the study, which could
explain a mild pro-oxidative state. Third, we measured
plasma markers of oxidative stress using indirect methods
that may have been unable to access a mild oxidative status
in these patients. Forth, the sample size is small which can
be explained by the rarity of thrombotic PAPS.

In conclusion, this study demonstrated that t-PAPS
was not associated either with the plasma levels of MDA,
8-isoprostane, carbonyl protein or with the plasma anti-
oxidant capacity. Although the role of these plasma oxida-
tive stress biomarkers seems to be limited in t-PAPS, it is
not possible to exclude the possibility that a mild oxida-
tive damage, not detected by these biomarkers, occurs in
t-PAPS.
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