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Abstract 

Antiphospholipid syndrome (APLS) is a systemic immune dysregulation distinguished by repetitive complications 
and pregnancy loss in the absence of definite etiology. Most research focuses on the laboratory detection and clini-
cal features of APLS, but its precise etiology remains to be deeply explored. NETosis is a newly developed theory 
in the pathophysiology of APLS which may serve as the missing bridge between coagulation and inflammation 
reaching the disease progression and severity. We aimed in this study to navigate the prognostic role of NETosis 
in thrombotic APLS. Our study included 49 newly diagnosed APLS patients (both 1ry and 2ry) who met clinical 
and laboratory criteria as per the international consensus statement on the update of the classification criteria for definite 
APLS and were sub-classified according to the occurrence of thrombotic events in thrombotic and non-thrombotic 
types. In addition, 20 sex and age-matched reactive subjects and 20 sex and age-matched healthy volunteer controls 
were enrolled. NETosis formation was assessed by measuring serum Myeloperoxidase (MPO) and Histones level using 
the enzyme-linked immunosorbent assay (ELISA) technique. Both MPO and Histones levels were able to discriminate 
among APLS cases from normal controls, showing significant cutoffs of > 2.09 ng/ml for MPO and > 1.45 ng/ml for His-
tones (AUC values were 0.987and 1.000, respectively). These values can be used as predictors for NETosis pathophysi-
ology in APLS patients. Additionally, these markers demonstrated a significant association with several prognostic 
indicators, including thrombosis, higher PT and INR, and lower hemoglobin (Hb) levels which are supposed to be 
ameliorated by using NETs inhibitors. In conclusion, we suggest that measuring NETosis markers, MPO, and Histones, 
in the early course of APLS using proposed cutoff values will facilitate the timely initiation of anti-NETosis therapy 
and improve the overall prognosis, particularly for patients with thrombotic APLS.
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Introduction
Antiphospholipid syndrome (APLS) is a thrombo-inflam-
matory defect, distinguished by vascular thrombosis and/
or obstetric complications. It is driven by the presence 
of circulating antiphospholipid (aPL) antibodies, namely 
anticardiolipin antibodies (ACL), anti-β2glycoprotein I 
antibodies (B2GP1), and lupus anticoagulant (LAC) [1].

Newly published population-based studies have esti-
mated the epidemiology of APLS, with an incidence 
ranging from 1 and 2 cases per 100,000 and a prevalence 
ranging from 40 and 50 cases per 100,000. The preva-
lence of aPL in patients with obstetric complications was 
6–9%, in vascular thrombosis was 9–10% and the mor-
tality rate of patients with APLS estimated higher about 
50–80% when compared to the general population [2].

APLS either exists as an isolated disorder (primary 
APLS), or secondary to another autoimmune condition, 
especially systemic lupus erythromatosis (SLE) as it com-
plicates about one-third of SLE cases worldwide [3]. In 
Egypt, a large study was conducted on adult patients with 
SLE and found that APLS was reported in 17.1% of them 
[4].

As per the international consensus statement on the 
update of the classification criteria for definite APLS, 
thrombotic APLS is diagnosed based on the presence 
of persistently positive aPL antibodies and at least one 
clinical finding that indicates vascular thrombosis or 
pregnancy morbidity [5]. However, beyond vascular 
thrombosis and/or obstetric complications, there are 
non-criteria manifestations of APLS such as thrombocy-
topenia, autoimmune hemolytic anemia, renal dysfunc-
tion, cardiac valve disease, cognitive impairment, skin 
ulcers, or pulmonary hemorrhage which can happen 
even with optimum administration of anticoagulation 
therapy [6].

The solid dependency on aPL antibodies to confirm or 
exclude the diagnosis of APLS has unfortunately been 
hindered by the multifactorial pitfalls that affect the aPL 
profiles assessment. Currently used laboratory methods 
can be perplexed by many challenges such as anti-throm-
botic treatment and inflammation besides, some patients 
may only produce these antibodies intermittently. Conse-
quently, misinterpretation or overreliance on aPL results 
alone can lead to improper evaluation and management 
for APLS patients which continue to be challenging for 
clinicians [7–9].

Recently, newly announced research has highlighted 
the important role of neutrophil activation and the 
release of neutrophil extracellular traps (NETs) in a pro-
cess known as NETosis, a special form of programmed 
cell death, which is thought to serve as the basis of 
immune-mediated thrombosis in APLS [10]. It is charac-
terized by the release of neutrophil granule components 

such as neutrophils elastase (ELANE) and myeloperoxi-
dase (MPO) into the cytosol, together with chromatin 
de-condensation and histones modification as a result 
of interaction between inflammation with immune dys-
regulation. These proteins when come in contact with the 
bloodstream, they result in vascular inflammation, coag-
ulopathy, and platelet activation which eventually leads to 
thrombosis [11].

Whether APLS-related thrombosis is clinically attrib-
uted to these pathological mechanisms of NETosis is not 
fully proven however, the interaction between coagula-
tion and inflammation alongside the disease progres-
sion cannot be solely explained by aPL antibodies and 
still needs more explanation to be fully understood [11]. 
Besides, the promising development of NETosis-targeted 
therapy such as toll-like receptor inhibitors and reactive 
oxygen species scavengers, can prevent uncontrolled 
NET development [12].

In this research, we aimed to study the role and clini-
cal utility of NETosis in newly diagnosed APLS patients 
especially thrombotic type concerning other clinical and 
laboratory indicators.

Patients and methods
Patients
This is a case-control study that has been performed 
on APLS patients. All patients were recruited from 
Ain Shams University Rheumatology and Immunology 
departments of Internal Medicine Hospital, Cairo, Egypt. 
Patients with ages < 14 and > 80 years old, other causes 
of thrombophilia (inherited or acquired), malignancies 
(hematological or non-hematological) were excluded. 
Eligible 49 newly diagnosed APLS patients who met the 
clinical and laboratory criteria according to the interna-
tional consensus statement on the update of the classifica-
tion criteria for definite APLS [5] were recruited into the 
study. The presence of thrombotic events (deep venous 
thrombosis, Obstetric complication, and stroke) was 
used to subcategorize APLS patients into the Thrombotic 
APLS group (n = 35) and Non-thrombotic APLS group 
(n = 14), and according to the underlying etiology into1ry 
APLS (n = 26) and APLS 2ry to SLE group (n = 23). 
Finally, they were sub-classified according to the number 
of positive aPL antibodies (LAC, and IgG or IgM classes 
for ACL and B2GB1) to study the strength of autoim-
mune-mediated attacks present in APLS patients, single 
positivity (LAC only) group (n = 10), double positivity 
(LAC, B2GB1or ACL) group (n = 9), and triple positivity 
(LAC, B2GB1, ACL) group (n = 30) (Table 1). In addition, 
20 age- and sex-matched reactive subjects with reactive 
leucocytosis (WBC count >  20x103μL with high Neutro-
phils/lymphocytes (N/L)) ratio were enrolled from Ain 
Shams Hospital for causes other than an autoimmune 
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disorder or thrombophilia screen such as post-operative, 
infection or other inflammatory condition. Moreover, 20 
age- and sex-matched healthy volunteer subjects were 
enrolled as a control group. All data concerning each 
patient’s disease history was collected from their hospital 
files.

Methods

• Sampling Method: A peripheral blood sample of 
10 cm was collected from each subject to obtain a set 
of four blood tubes (on EDTA, sodium citrate 3.2%, 
and two anticoagulant-free tubes).

• All participants included in this study were subjected 
to the following procedures:

1 Complete blood count using EDTA blood sam-
ples on Coulter GenS system 2 (Beckman-Coul-
ter, Miami, FL)) and microscopic examination of 
Leishman-stained peripheral blood (PB) smear 
with special focus on WBCs (including absolute 
N/L ratio) and platelets count.

2 Citrated blood tube was separated by centrifuga-
tion at 3000×g for 15 min, and plasma was used 
for assessing full coagulation profile including 
PT, INR, PTT, and LAC (diluted Russell Viper 
Venom Time (dRVVT) based methods).

3 Non-fasting venous blood samples were collected 
on an anticoagulant-free tube and separated by 
centrifugation at 1000×g for 15 min, and their 
serum was used for ESR, and CRP. Assessment 
of ACL (IgG and IgM) and Anti-B2GBI (IgG and 
IgM) were done only for APLS patients using 
ELISA (since the aPL Ab could be non-signifi-
cantly present in some reactive conditions or in 

normal people which may cause unnecessary bias 
of other significant data).

4 Another non-fasting venous blood sample was 
collected on an anticoagulant-free tube and sep-
arated by centrifugation at 1000×g for 15 min, 
and their serum aliquots were stored at − 20 °C 
within 1 h of collection and used for assessment 
of markers of NETosis formation using sandwich 
ELISA KIT, Human Myeloperoxidase, MPO (Bio-
assay Technology Laboratory, E0880Hu, China) 
and Human Histone-H3 (Bioassay Technology 
Laboratory, E5419Hu, China), assays were done 
according to manufacturer’s instruction.

Statistical methods
The Statistical Package for Social Science (IBM SPSS ver-
sion 23) was used in this research to analyze collected 
data. The quantitative data was shown as means, stand-
ard deviations, and ranges when they displayed a para-
metric distribution, and as medians with interquartile 
ranges (IQR) when they displayed a non-parametric dis-
tribution. For qualitative data, they were shown as per-
centages and numbers. The groups were compared using 
the Chi-square test and/or Fisher exact test. To compare 
2 different groups, the independent t-test was used with 
quantitative data and parametric distribution, whereas 
the Mann-Whitney test was used for non-parametric 
distribution. The receiver operating characteristic curve 
(ROC) was used to identify the optimal cut-off point and 
its sensitivity, specificity, positive predictive value, nega-
tive predictive value, and area under the curve (AUC). 
The allowable margin of error was set at 5%, while the 
confidence interval was set at 95%. As a result, the 
P-value was considered significant at the level of 0.05.

Results
The APLS patients’ group were 49 with ages ranging 
from 17 to 53 years (mean 34.86 years) were enrolled in 
this study with a female: male ratio of 1.4:1. In addition, 
20 age- and sex-matched reactive subjects were enrolled 
and 20 age- and sex-matched healthy volunteer were also 
included in most of the laboratory assessments.

Comparison between the studied groups 
regarding demographic and laboratory parameters
Many studied parameters showed a substantial difference 
in the APLS group in comparison to healthy controls and 
the reactive group. The APLS cases had a highly signifi-
cant lower Hb and PLT level (P-value < 0.01) when com-
pared to healthy controls, they also showed a significantly 
higher N/L ratio (P-value < 0.05), and a highly signifi-
cant elevated INR, PTT, ESR and CRP (P-value < 0.01). 
In comparing APLS patients with the reactive group, 

Table 1 Characteristics of APLS patients’ group

APLS Group
No. = 49

Thrombotic

 No 14 (28.6%)

 Yes 35 (71.4%)

1ry/2ry APLS

 1ry 26 (53.1%)

 2ry 23 (46.9%)

Number of lab Positive Autoantibodies

 Single positivity 10 (20.4%)

 Double positivity 9 (18.4%)

 Triple positivity 30 (61.2%)
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there was a non-significant difference regarding Hb level 
but there was a highly significant decrease in PLT count 
(P-value < 0.01). On the other hand, the reactive group 
showed a highly significant rise in WBC count, neutro-
phils count, N/L ratio, and CRP (P-value < 0.01) with a 
significant increase in PT (P-value < 0.05) when com-
pared to APLS patients. ESR showed a highly significant 
rise in APLS patients (P-value < 0.01) when compared 
with the reactive group.

Studying the value of MPO and histones combination in all 
studied groups
The human MPO and Histones levels showed a highly 
significant correlation in all studied groups (APLS, reac-
tive group, and normal controls) and supporting the 
neutrophils MPO-DNA complex formation and NETs 
activation (Fig. 1). The MPO and Histones levels showed 
a highly significant elevation in the studied APLS and the 
reactive groups compared to controls (P-value < 0.01). 
The MPO and Histones levels were comparable with no 
significant difference between APLS patients and the 
reactive group (P-value > 0.05).

Cut-off values were determined for the MPO and His-
tones to predict threshold levels that indicate activation 
of NETosis process. According to our results, in both 
APLS patients and the reactive group, Histones at a cutoff 
> 1.45 ng/ml were the best predictor for active NETosis 
(AUC was 1.00; with a sensitivity of 100 and a specificity 
of 100). MPO at a cutoff > 2.09 ng/ml was acknowledged 
as the best predictor for active NETosis in APLS patients 
(AUC was 0.987; with a sensitivity of 93.88 and a specific-
ity of 97.90) (Table  2). In the reactive group, MPO at a 
cutoff > 3.62 ng/ml was identified as the best predictor for 
active NETosis (AUC was 0.990; with a sensitivity of 95.0 
and a specificity of 100.0) (Table 3).

Correlation studies of MPO level with the other studied 
parameters in the normal control group, reactive group, 
and APLS patients’ group
In all studied groups, MPO levels showed a signifi-
cant positive correlation with WBC count, neutro-
phils count, and PT level (P-value < 0.05), and a highly 
significant positive correlation with INR and ESR 
(P-value < 0.01), Meanwhile, there was a high signifi-
cant negative correlation found between MPO and 

Fig. 1 Correlation of MPO and Histones levels in all studied groups

Table 2 AUC, sensitivity, specificity, and Cut-off value of MPO and histones that differentiate between APLS and control group

Cut-off point AUC Sensitivity Specificity PPV NPV

MPO (ng/ml) > 2.09 0.987 93.88 95.00 97.90 86.40

Histones (ng/ml) > 1.45 1.000 100.00 100.00 100.00 100.00
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Hb level (P-value < 0.01). In APLS patients there was 
a highly significant positive correlation found between 
MPO and PT (P-value < 0.01), a significant positive 
correlation with INR (P-value < 0.05), and a highly sig-
nificant negative correlation with CRP (P-value < 0.01). 
In the reactive group, MPO showed a highly signifi-
cant positive correlation with Histones level (P-value 
< 0.01) (Table 4).

Correlation studies of histones level with the other studied 
parameters in all studied groups, normal control group, 
reactive group, and APLS patients’ group
In all studied groups, Histones levels showed a signifi-
cant positive correlation with PT, INR (P-value < 0.05), 
a highly significant positive correlation with ESR and 
MPO levels (P-value < 0.01), Meanwhile, Histones 
level showed a highly significant negative correlation 
with Hb level (P-value < 0.01). However, unlike MPO, 
Histones showed non-significant correlations with 
WBC count and neutrophils count. In APLS patients, 
Histones showed significant positive correlations with 
PT, and INR (P-value < 0.05), and a significant negative 
correlation with CRP (P-value < 0.05) (Table 5).

Studying the relation between MPO and histone levels 
with the clinical characteristics of APLS patients’ group
In APLS patients’ groups, MPO and Histones levels 
showed a highly significant increase in thrombotic APLS 
patients (n = 35) when compared with non-thrombotic 
ones (n = 14) (P-value < 0.01). Also, Histones level showed 
a highly significant elevation in patients with aPL double 
positivity (n = 9) (LAC, B2GB1or ACL) and triple positiv-
ity (n = 30) (LAC, B2GB1 and ACL) when compared to 
those with single positivity (n = 10) (LAC only) (P-value 
< 0.01). Meanwhile, MPO levels showed no significant 
difference among APLS patients regarding their positiv-
ity for aPL antibodies. Both MPO and Histones could not 
differentiate between 1ry (n = 26) and 2ry APLS (n = 23) 
(Table 6).

Discussion
APLS is an immune-inflammatory-thrombotic dys-
regulation distinguished by repeated thrombosis and 
provoked obstetric complications mostly rooted in the 
constant positivity of aPL. Neutrophil activation is con-
sidered another important player in the pathophysiol-
ogy of both SLE and APLS through the formation of 
net-like structures in a process referred to as NETs for-
mation. Assessment of NETosis-specific markers such 

Table 3 AUC, sensitivity, specificity, and Cut-off value of MPO and histones that differentiate between the Reactive group and the 
control group

Cut-off point AUC Sensitivity Specificity PPV NPV

MPO (ng/ml) > 3.62 0.990 95.0 100.0 100.0 95.2

Histones (ng/ml) > 1.45 1.000 100.0 100.0 100.0 100.0

Table 4 Correlation studies of MPO level with the other studied parameters in all studied groups, normal control group, reactive 
group, and APLS patients’ group

P-value > 0.05: Non-significant; P-value < 0.05*: Significant; P-value < 0.01**: Highly significant, analysis was done by Spearman correlation coefficient

All studied groups Control group Reactive Group APLS

r P-value r P-value r P-value r P-value

Age (years) 0.177 0.098 0.054 0.820 0.009 0.971 0.234 0.105

HB g/dL −0.352 0.001** −0.064 0.789 − 0.061 0.799 0.181 0.213

WBCs (×103/ul) 0.230 0.030* 0.292 0.211 0.031 0.898 0.120 0.410

NE (×103/ul) 0.226 0.034* 0.338 0.144 0.011 0.962 0.041 0.780

N/L ratio 0.164 0.125 0.293 0.210 −0.013 0.956 −0.129 0.377

PLT (×103/ul) −0.189 0.076 0.232 0.324 −0.160 0.500 0.042 0.774

PT (min) 0.218 0.040* 0.035 0.883 −0.211 0.373 0.370 0.009**
INR 0.341 0.001** 0.233 0.322 −0.111 0.651 0.315 0.028*
PTT (min) 0.137 0.210 0.108 0.652 −0.246 0.296 −0.084 0.585

CRP (mg/dL) 0.167 0.132 0.287 0.220 −0.297 0.203 −0.457 0.002**
ESR (mm/hour) 0.349 0.001** −0.082 0.731 −0.043 0.858 0.119 0.415

Histones (ng/ml) 0.836 0.000** 0.161 0.497 0.659 0.002** 0.798 0.000**
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as serum levels of MPO-DNA, citrullinated histones, 
and the neutrophil elastase-DNA complex is becom-
ing essential for initiating NETs inhibitors. Histones 
proteins are a tectonic portion of chromatin built by 
DNA which, on the one hand, represent an autoanti-
gen in SLE and APLS and, on the other hand, serve as 
an indicator for NETosis activation. Insufficient data is 
available on the clinical role for assessing the MPO and 
Histones level in APLS, especially the thrombotic type.

Given these data, we designed our study to explore 
the potential role of MPO and Histones in APLS Egyp-
tian patients. We believe that this study is the first trial to 
analyze the prognostic effect of this combination in APLS 
patients.

In our study, we analyzed a group of demographic and 
laboratory parameters in APLS patients in comparison to 
normal volunteer subjects. Also, we involved a reactive 
inflammatory group with a high WBC count (>20x103μL 

Table 5 Correlation studies of Histones level with the other studied parameters in all studied groups, normal control group, reactive 
group, and APLS patients’ group

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant, ‡: analysis was done by Spearman correlation coefficient

All studied groups Control group Reactive Group APLS

r P-value r P-value r P-value r P-value

Age (years) 0.069 0.519 − 0.116 0.627 0.104 0.664 −0.011 0.941

HB (g/dL) −0.371** 0.000 −0.387 0.091 −0.244 0.301 0.116 0.428

WBCs (×103/ul) 0.139 0.193 0.104 0.661 −0.041 0.864 0.146 0.317

NE (×103/ul) 0.132 0.217 −0.006 0.981 −0.080 0.738 0.082 0.576

N/L ratio 0.079 0.459 −0.127 0.592 −0.126 0.596 −0.012 0.937

PLTs (×103/ul) −0.190 0.074 −0.051 0.832 −0.192 0.419 0.212 0.144

PT (min) 0.219* 0.039 −0.002 0.994 −0.055 0.818 0.306* 0.032
INR 0.248* 0.020 0.266 0.256 −0.331 0.167 0.283* 0.049
PTT (min) 0.136 0.216 0.295 0.207 −0.062 0.794 −0.159 0.298

CRP (mg/dL) 0.133 0.230 0.189 0.424 −0.064 0.787 −0.320* 0.036
ESR mm/hour 0.442** 0.000 −0.425 0.062 0.152 0.524 0.242 0.093

MPO (ng/ml) 0.836** 0.000 0.161 0.497 0.659** 0.002 0.798** 0.000

Table 6 Relation between MPO and Histones levels with the clinical characteristics of APLS patients’ group

P-value > 0.05: Non-significant; P-value < 0.05*: Significant; P-value < 0.01**: Highly significant, a: Mann-Whitney test; b: Kruskall-Wallis’s test

Histones (ng/ml) P-value

Median (IQR) Range

Thrombotica No 2.68 (2.16–3.2) 1.79–10.73 0.000**
Yes 7.79 (4.61–9.76) 2.31–15.79

1ry/2ry  APLSa 1ry 7.07 (3.2–9.66) 1.79–15.79 0.42

2ry 4.61 (3.46–8.7) 2.15–12.95

Number of lab Positive  Autoantibodieb Single positivity 2.4 (2.16–4.07) 2.06–9.76 0.006**
Double positivity 7.16 (3.46–9.39) 3.07–10.73

Triple positivity 7.24 (4.12–9.66) 1.79–15.79

MPO (ng/ml) P-value

Median (IQR) Range

Thrombotica No 3.73 (2.57–5.9) 1.43–8.76 0.001**
Yes 7.62 (5.56–11.51) 1.79–16.92

1ry/2ry  APLSa 1ry 6.21 (4.08–10.22) 2.04–16.92 0.446

2ry 7.23 (5.39–11.73) 1.43–16.54

Number of lab Positive  Autoantibodiesb Single positivity 4.12 (3.13–7.3) 2.04–11.51 0.073**
Double positivity 7.6 (5.56–8.02) 1.43–9.94

Triple positivity 7.43 (5.39–11.73) 1.79–16.92
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with a high N/L ratio) to monitor the changes that are 
specific for NETosis activation in APLS since NETs for-
mation can also occur in several other conditions such 
as malignancy, inflammation, and infection and plays a 
significant role in the body defense and innate immunity 
[13].

As expected, the APLS cases showed anemia and 
thrombocytopenia when compared to healthy control 
however, they had higher N/L ratio, INR, PTT, ESR, 
and CRP which is mostly related to the ongoing chronic 
inflammatory-thrombotic pathology in APLS. In com-
paring APLS patients with the reactive group, APLS 
patients showed also lower PLT count and higher ESR 
levels with no significant difference regarding Hb. How-
ever, the reactive group showed higher WBC count, 
neutrophils count, N/L ratio, and CRP when compared 
to APLS patients. These findings could be explained by 
the underlying pathology in each group and the cho-
sen criteria for the reactive subjects. Also, According to 
Kourilovitch and Galarza–Maldonado, 2023 [14], neu-
trophil activation and NETs liberation lead to enhanced 
release of reactive oxygen species (ROS) and MPO that 
leads to cellular injury followed by chronic inflammation 
suppressing T- and B-cell immune functions, which may 
explain the higher N/L ratio in APLS and the reactive 
group. Furthermore, many studies stated the occurrence 
of thrombocytopenia and hemolytic anemia in APLS 
which are now included in the “Non-criteria features” 
of APLS [15]. Klack et al. 2013 found that APLS patients 
have a higher incidence of iron deficiency anemia when 
compared to healthy controls [16].

To demonstrate NETs formation in our studied groups, 
we explored the levels of MPO and Histones in all stud-
ied subject groups. MPO and Histones levels in APLS 
patients and reactive subjects were significantly higher 
than in the normal control group. In addition, the MPO 
and Histones levels were comparable with no significant 
difference between APLS patients and the reactive group. 
All these former data provided evidence for NETs for-
mation. This was in agreement with de Moraes Mazetto 
et  al. 2022 who stated that APLS patients especially 
thrombotic type showed higher serum MPO-DNA com-
plex levels than in healthy controls and that its level cor-
related with the disease severity and poor outcome [11].

Threshold values were determined in our research 
for the MPO and Histones levels to predict activation 
of NETosis process. According to our results, MPO at 
a cutoff > 2.09 ng/ml was acknowledged as the best pre-
dictor for active NETosis in APLS patients which was 
slightly lower than that in the reactive group, (MPO at a 
cutoff > 3.62 ng/ml). In both APLS patients and the reac-
tive group, Histones at a cutoff > 1.45 ng/ml were the 
best predictor for active NETosis. In recent published 

research, there was no determined cutoff for any of the 
NETs markers. We believe that determining a specific 
cutoff will help timely initiation of anti-NETosis therapy 
with subsequent prevention of unwanted sequelae of 
NETs formation.

In our work, we also studied the correlation of MPO 
and Histones levels with the other studied parameters 
in all studied subjects, normal controls group, reactive 
group, and APLS patients’ group to determine their prog-
nostic role. In all studied groups, there was a significant 
positive correlation found between MPO levels, WBC 
count, and neutrophil count. This correlation was not 
found with Histones, which could be explained as neu-
trophils being very rich in MPO forming around 5% of 
its actual weight and stored in the azurophilic granules 
which are released upon neutrophils activation with sub-
sequent NETs formation in response to ongoing inflam-
matory/immune dysregulation [17].

Additionally, in our study, there was a significant nega-
tive correlation found between MPO and Hb levels in 
all studied groups. The presence of anemia during NETs 
formation in a previous study on canines was found to 
be mostly attributed to the pathological inflammatory 
condition, organ damage, and autoimmune hemolytic 
process present as a part of the pathogenesis of APLS or 
from bleeding resulting from anticoagulant therapy used 
in APLS patient to prevent thrombosis [18].

MPO and Histones levels showed a significant negative 
correlation with CRP which indicated that NETs forma-
tion in APLS patients did not occur as an acute phase 
activation but rather due to another aetiology. In stud-
ies on NETs by Bravo-Barrera et al., 2017 [19], they have 
proved that autoantibodies against B2GP1 are the main 
culprit in NETs formation and its release is significantly 
augmented by ACL, in addition, they found a positive 
correlation between anti-B2GP1 IgG, LAC, ACL IgG and 
circulating MPO-DNA complexes. The same data was 
supported recently by Reshetnyak et al., 2023 [20].

In all our studied subjects, and in the APLS patients’ 
group alone, both MPO and Histones showed significant 
positive correlations with PT and INR which indicates 
an underlying coagulopathy found due to NETs forma-
tion hand in hand with immune-dysregulation specific 
in APLS since these findings were not observed in the 
reactive or normal control groups. The same findings 
were supported by Bravo-Barrera et  al., 2017 [19], who 
highlighted the role of neutrophils in connecting the 
inflammation and coagulopathy induced by NETs forma-
tion which contributes to thrombosis (both venous and 
arterial) through various operations for instance binding 
and activating platelets, tissue factor (TF) and coagula-
tion factor VII, which augment or initiate thrombosis. 
Besides, neutrophils release TF-bearing NETs which act 
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as an activator for thrombus formation through throm-
bin generation. Also, Reshetnyak and Nurbaeva., 2023 
[21], have also mentioned that NETs inside-constituent 
can suppress the fibrinolytic system and natural antico-
agulants activity in the blood circulation. They also com-
mented on the role of histones in interfering with the 
thrombomodulin-dependent activity of protein C. The 
use of anti-thrombotic treatment such as warfarin which 
inhibits coagulation factors synthesis especially thrombin 
plays an augmenting role.

There was a significant positive correlation found in all 
studied subjects between both MPO and Histones levels 
with ESR which may highlight increased NETs formation 
during APLS and SLE activity. Some Authors of previous 
research suggested that during flaring episodes of SLE 
activity, NETs levels are increased along with thrombotic 
complications furthermore, the MPO-DNA complex 
levels were elevated in patients with high anti-dsDNA, 
hypocomplementemia and glomerulonephritis indicating 
SLE activity [20].

Finally, upon studying the relation between NETs for-
mation and the clinical characteristics of APLS patients, 
both MPO and Histones could not differentiate between 
1ry and 2ry APLS which could be explained by common 
links in SLE and APLS pathophysiology. However, MPO 
and Histones were significantly higher in thrombotic 
APLS patients when compared with non-thrombotic 
ones. Besides, Histones levels were significantly increased 
in patients with aPL antibodies with double positivity 
(LAC, B2GB1or ACL) and triple positivity (LAC, B2GB1, 
ACL) when compared to those with single positivity 
(LAC only). Meanwhile, MPO level showed no significant 
difference among APLS patients based on their positivity 
for aPL antibodies. Our later findings suggest that NETs 
formation especially with a higher Histones level had a 
bad prognostic indication being associated with a more 
severe disease course. In concordance with our findings, 
Reshetnyak et  al., 2023 [20] found that increased NETs 
formation namely MPO-DNA complex was more pro-
nounced among thrombotic APLS patients with a poorer 
prognosis, such as those with multiple aPL antibodies 
activity and recurrent thrombosis. In addition, a large 
number of published researches highlighted the presence 
of elevated NETs in venous and arterial thrombi, lupus 
nephritis, immune-inflammatory mediated organ dys-
function, and pregnancy-related morbidity [19, 22].

Conclusion
In this research, we highlighted the probable patho-
mechanism of NETosis in APLS and documented an 
increase in specific NETs markers, namely MPO and 

Histones, in the serum of APLS patients. These mark-
ers’ positivity was accompanied by the presence of 
thrombosis, coagulopathy, lower Hb levels, and dis-
ease activity. Histone levels were more indicative of the 
autoimmune process which is the suggested etiology of 
NETs activation in APLS, while MPO was more related 
to WBCs count and neutrophilia threshold, together 
proving the alliance between NETosis and the associ-
ated immune and non-immune mediated clinical mani-
festations of APLS.

The combined elevation of MPO and Histones at a 
cutoff > 2.09 for MPO and > 1.45 for Histones can be 
regarded as promising biomarkers for timely initiat-
ing NETs inhibitors in APLS, which is supposed to sig-
nificantly lower thrombotic events, improve associated 
anemia and coagulopathy with better control of disease 
activity.

Future clinical studies and trials are needed to accu-
rately approve the clinical application of our suggested 
cut-off theory as this is the first time to been postu-
lated. Also, Further comprehension to balance the 
natural role of NETs activation in the host defenses 
and suppression/degeneration using NETs inhibitors in 
APLS will be essential.

Abbreviations
APLS  Antiphospholipid syndrome
SLE  Systemic lupus erythematosus
NETs  Neutrophil extracellular traps
aPL  Antiphospholipid antibodies
B2GP1  Anti-β2glycoprotein I antibodies
LAC  Lupus anticoagulant
ACT   Anticardiolipin antibodies
MPO  Myeloperoxidase
MPO-DNA  Myeloperoxidase–deoxyribonucleic acid complex
dRVVT  Diluted russell viper venom time
ELISA  Enzyme-linked immunosorbent assay
PLT  Platelets
Hb  Hemoglobin

Acknowledgements
The authors thank all patients and volunteers who agreed to participate in this 
study. This work was carried out within the frame of the diagnostic network 
for “Hematological disorder and thrombophilia” in Ain Shams University 
Hospitals- Cairo- Egypt.

Authors’ contributions
S.Z conceived and designed the study. S. H, R.E., S. Z, M.A., and R.S.G., con-
tributed to data collection. S. Z analyses and interpreted the data. S. Z and 
R.M.G drafted the manuscript. S. Z, R.M.G., M.A. and R.S.G. carefully revised the 
manuscript. All authors read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This work was supported by personal funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request on https:// docs. google. com/ 
docum ent/d/ 1E4O7 HlJ1X fPI7R 0dk9n WG6Xff pltk qlZ/ edit. Data sharing applies 
to this article as datasets were generated and analyzed during the current 
study.

https://docs.google.com/document/d/1E4O7HlJ1XfPI7R0dk9nWG6XffpltkqlZ/edit
https://docs.google.com/document/d/1E4O7HlJ1XfPI7R0dk9nWG6XffpltkqlZ/edit


Page 9 of 9Zaiema et al. Thrombosis Journal           (2024) 22:32  

Declarations

Ethics approval and consent to participate
Written consent was taken from all participants or their guardians sharing 
in this study according to the ethical committee regulations of Ain Shams 
University.
ASU Ethical Committee approval code: FMASU R73/2023.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Clinical and Chemical Pathology, Ain shams University, Faculty 
of medicine, Cairo, Egypt. 2 Department of Rheumatology-Internal Medi-
cine, Ain shams University, Faculty of medicine, Cairo, Egypt. 3 Department 
of Immunology-Internal Medicine, Ain shams University, Faculty of medicine, 
Cairo, Egypt. 4 Immunogenetics Department, Human Genetics and Genome 
Research Institute, National Research Centre, Cairo, Egypt. 

Received: 22 October 2023   Accepted: 14 March 2024

References
 1. Knight JS, Kanthi Y. Mechanisms of immunothrombosis and vasculopathy 

in antiphospholipid syndrome. Semin Immunopathol. 2022;44(3):347–62.
 2. Dabit JY, Valenzuela-Almada MO, Vallejo-Ramos S, Duarte-Garcia A. Epi-

demiology of antiphospholipid syndrome in the general population. Curr 
Rheumatol Rep. 2022;23(12):85.

 3. Silver R, Craigo S, Porter F, Osmundson SS, Kuller JA, Norton ME. Society 
for Maternal-Fetal Medicine Consult Series #64: systemic lupus erythema-
tosus in pregnancy. Am J Obstet Gynecol. 2023;228(3):B41–60.

 4. Morad CS, Fayez D, Mahmoud M, Aboud FMJTER. Primary and secondary 
antiphospholipid syndrome characteristics in an Egyptian cohort. Egypt 
Rheumatol. 2022;44(4):373–6.

 5. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera RHWM, 
et al. International consensus statement on an update of the classifica-
tion criteria for definite antiphospholipid syndrome (APS). J Thromb 
Haemost. 2006;4(2):295–306.

 6. Sevim E, Willis R, Erkan D. Is there a role for immunosuppression in 
antiphospholipid syndrome? Hematology Am Soc Hematol Educ Pro-
gram. 2019;2019(1):426–32.

 7. Favaloro EJ, Wong RC. Antiphospholipid antibody testing for the 
antiphospholipid syndrome: a comprehensive practical review 
including a synopsis of challenges and recent guidelines. Pathology. 
2014;46(6):481–95.

 8. Devreese KMJ. Testing for antiphospholipid antibodies: advances and 
best practices. Int J Lab Hematol. 2020;42(Suppl 1):49–58.

 9. Devreese KMJ, Zuily S, Meroni PL. Role of antiphospholipid antibodies 
in the diagnosis of antiphospholipid syndrome. J Transl Autoimmun. 
2021;4:100134.

 10. Vorobjeva NV, Chernyak BV. NETosis: molecular mechanisms, role in 
physiology and pathology. Biochemistry (Mosc). 2020;85(10):1178–90.

 11. de Moraes MB, Hounkpe BW, da Silva SS, Vieira-Damiani G, Dos Santos 
AP, Jacinto BC, et al. Association between neutrophil extracellular traps 
(NETs) and thrombosis in antiphospholipid syndrome. Thromb Res. 2022 
Jun;1(214):132–7.

 12. Huang J, Hong W, Wan M, Zheng L. Molecular mechanisms and therapeu-
tic target of NETosis in diseases. MedComm (2020). 2022;3(3):e162.

 13. Chamardani TM, Amiritavassoli S. Inhibition of NETosis for treatment 
purposes: friend or foe? Mol Cell Biochem. 2022;477(3):673–88.

 14. Kourilovitch M, Galarza-Maldonado C. Could a simple biomarker as 
neutrophil-to-lymphocyte ratio reflect complex processes orchestrated 
by neutrophils? J Transl Autoimmun. 2023;6:100159.

 15. Miyamae T, Kawabe T. Non-criteria manifestations of juvenile antiphos-
pholipid syndrome. J Clin Med. 2021;10(6)

 16. Klack K, Monma V, Pelicari K, Appenzeller S, Carvalho JF. The prevalence of 
iron deficiency anemia in primary antiphospholipid syndrome. Turkish J 
Rheumatol. 2013;28(2):96–100.

 17. Metzler KD, Fuchs TA, Nauseef WM, Reumaux D, Roesler J, Schulze I, et al. 
Myeloperoxidase is required for neutrophil extracellular trap formation: 
implications for innate immunity. Blood. 2011;117(3):953–9.

 18. Lawson C, Smith SA, O’Brien M, McMichael M. Neutrophil extracellular 
traps in plasma from dogs with immune-mediated hemolytic Anemia. J 
Vet Intern Med. 2018;32(1):128–34.

 19. Bravo-Barrera J, Kourilovitch M, Galarza-Maldonado C. Neutrophil extra-
cellular traps, antiphospholipid antibodies and treatment. Antibodies 
(Basel). 2017;6(1)

 20. Reshetnyak T, Nurbaeva K, Ptashnik I, Kudriaeva A, Belogurov A Jr, Lila A, 
et al. Markers of NETosis in patients with systemic lupus erythematosus 
and antiphospholipid syndrome. Int J Mol Sci. 2023;24(11)

 21. Reshetnyak T, Nurbaeva K. The role of neutrophil extracellular traps (NETs) 
in the pathogenesis of systemic lupus erythematosus and antiphospho-
lipid syndrome. Int J Mol Sci. 2023;24(17)

 22. Zuo Y, Shi H, Li C, Knight JS. Antiphospholipid syndrome: a clinical per-
spective. Chin Med J. 2020;133(8):929–40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Insight into antiphospholipid syndrome: the role and clinical utility of neutrophils extracellular traps formation
	Abstract 
	Introduction
	Patients and methods
	Patients
	Methods

	Statistical methods
	Results
	Comparison between the studied groups regarding demographic and laboratory parameters
	Studying the value of MPO and histones combination in all studied groups
	Correlation studies of MPO level with the other studied parameters in the normal control group, reactive group, and APLS patients’ group
	Correlation studies of histones level with the other studied parameters in all studied groups, normal control group, reactive group, and APLS patients’ group
	Studying the relation between MPO and histone levels with the clinical characteristics of APLS patients’ group

	Discussion
	Conclusion
	Acknowledgements
	References


