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Abstract

Objectives. Patients with APS are at increased risk of thromboembolism. Neutrophils have been shown to play a
role in inducing thrombosis. We aimed to investigate differences in neutrophil subpopulations, their potential of acti-
vation and neutrophil extracellular trap (NET) formation comparing high and low-density neutrophils (HDNs/LDNs)
as well as subpopulations in patients with APS and controls to gain deeper insight into their potential role in throm-
botic manifestations in patients with APS.

Methods. HDNs and LDNs of 20 patients with APS and 20 healthy donors were isolated by density gradient centrifu-
gation and stimulated. Neutrophil subpopulations, their activation and NET release were assessed by flow cytometry.
Results. LDNs of both groups showed higher baseline activation, lower response to stimulation (regulation of acti-
vation markers CD11b/CD66b), but higher NET formation compared with HDNs. In patients with APS, the absolute
number of LDNs was higher compared with controls. HDNs of APS patients showed higher spontaneous activation
[%CD11b high: median (interquartile range): 2.78% (0.58-10.24) vs 0.56% (0.19-1.37)] and response to stimulation
with ionomycin compared with HDNs of healthy donors [%CD11b high: 98.20 (61.08-99.13) vs 35.50% (13.50-
93.85)], whereas no difference was found in LDNs. NET formation was increased in patients’ HDNs upon
stimulation.

Conclusion. HDNs and LDNs act differently, unstimulated and upon various stimulations in both healthy controls
and APS patients. Differences in HDNs and LDNs between patients with APS and healthy controls indicate that
neutrophils may enhance the risk of thrombosis in these patients and could thus be a target for prevention of
thrombosis in APS.

Key words: lupus anticoagulant, antiphospholipid syndrome, neutrophil extracellular traps, low density
neutrophils

Rheumatology key messages

o Compared with HDNs, LDNs show higher basal activation, lower activatability, but higher NET formation.
o Compared with controls, APS patients have more LDNs, which also show higher activation rate.
o HDNSs of APS patients are easier to activate and show higher NETosis than control HDNs.
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protein complexes [1, 2]. The mechanisms behind the
increased activation of the blood coagulation and the
high risk to develop thrombosis in aPLA-positive individ-
uals are still under investigation.

Various risk factors for thrombosis, including positivity
for all three aPLAs (termed triple positivity) [3] and typ-
ical cardiovascular risk factors (such as smoking and
diabetes), among others, have been described [4, 5].
Also, neutrophils have been demonstrated to play a role
in APS, with increased release of neutrophil extracellular
traps (NETS) in these patients [6].

Neutrophils were long considered a homogeneous
population. However, in recent years, it became obvious
that they are versatile, heterogeneous and have diverse
functions in various pathological settings such as cancer
and autoimmunity [7, 8]. There are different approaches
to characterize neutrophils and their subpopulations,
based on differentiation stage and surface marker ex-
pression [9, 10]. Pillay et al. described the classification
of neutrophils according to their expression of CD16
(FcyRIll) and CD62L (L-selectin) into mature (CD62L
high/CD16 high), activated (CD62L low/CD16 high) and
newly released neutrophils (CD62L high/CD16 low) [11].
Furthermore, it was reported that neutrophils can be
separated according to their density [12]. High density
neutrophils (HDNs) - sometimes also termed normal
density neutrophils — are found in health and disease,
whereas low density neutrophils (LDNs) were mainly
described in pathological conditions [7, 8, 13, 14]. In
contrast to HDNs, LDNs are found within the peripheral
blood mononuclear cell (PBMC) fraction after gradient
centrifugation and were identified in blood of patients
with cancer, infection and sepsis [8], as well as in APS
[15]. They are often described as immature cells [8],
prone to undergo NET formation [6], with an immuno-
suppressive function [16]. Recently, the hypothesis of
immunosuppressive LDNs has been challenged in
patients with SLE, as it has been shown that LDNs are
activated cells with pro-inflammatory effects on other
immune cells, like T cells [17].

Neutrophils and especially NETs are of specific inter-
est in diseases with an increased risk of thrombosis.
Various studies have shown that NETs contribute to
both venous and arterial thromboembolism (VTE, ATE)
[18-20], and to the increased thrombotic risk in patients
with cancer [21, 22] as well as SLE [23, 24]. NETs are
negatively charged chromatin fibres with neutrophil-
derived proteases and antimicrobial peptides attached.
These fibres provide a scaffold for interaction, trapping
and activation of various cells including platelets [25].
Citrullinated histone H3 (H3Cit) is formed during NET
formation through the action of PAD4 and is considered
as a NET-specific marker [26, 27]. It was shown that
neutrophils from APS patients spontaneously release
high levels of NETs [19]. Interestingly, stimulation of neu-
trophils from healthy donors with plasma from APS
patients also leads to NET formation [6]. A recent study
by our group showed that platelets from patients with
APS have an altered proteome, especially proteins
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involved in platelet functions but also in NET formation,
which are changed in this patient cohort with increased
thrombotic risk [28].

Considering the distinct functions and NET formation
potential of neutrophil subsets, this study investigated
the differences of neutrophil populations, their charac-
teristics, their baseline activation and potential of activa-
tion upon stimulation as well as their propensity for NET
formation in HDNs and LDNs in healthy controls and in
patients with APS and a history of arterial and/or venous
thrombosis.

Methods

A detailed description of the applied laboratory methods
is available in the Supplementary Material, section
Methods, available at Rheumatology online.

Study population

The Vienna Lupus Anticoagulant and Thrombosis Study
(LATS) is a single-centre, ongoing, prospective observa-
tional cohort study including patients persistently posi-
tive for LA (confirmed by two tests 12 weeks apart). The
study design is described in detail elsewhere [4, 29].
Twenty patients with LA and APS were enrolled in the
present study during a regular visit to the centre be-
tween December 2018 and August 2019. Investigation
of LA and aPLAs levels was performed as described in
detail elsewhere [28, 29]. Furthermore, age- and sex-
matched healthy controls without infection 6 weeks be-
fore study inclusion and no prior history of thrombosis
were included. This study was conducted in accordance
to the Declaration of Helsinki and was approved by the
ethics committee of the Medical University of Vienna
(EC No. 1268/2014 and EC No. 039/2006) and each par-
ticipant provided written informed consent.

Isolation of low- and high-density neutrophils

PBMC and polymorphonuclear cells (PMN) were isolated
by density gradient centrifugation of venous blood from
patients and healthy volunteers. Neutrophils within the
PMN layer were defined as HDNs; neutrophils within the
PBMC layer as LDNs.

Characterization of neutrophils by surface markers

PBMCs and PMNs were fixed with paraformaldehyde
(PFA) immediately after blood draw or cell isolation as
negative controls. For baseline characterization, fixed
cells were stained for CD66b, CD62L, CD16 and propi-
dium iodide (Pl). Analysis of samples was performed
using a CytoFlex S device and FlowJo v10 software.

Short term activation of neutrophils

Cells were incubated in RPMI-1640 containing 10% foe-
tal calf serum (FCS) with the following stimuli for 30 min:
HBSS+Ca®" for unstimulated controls, ionomycin (lO;
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4 uM) or phorbol 12-myristate 13-acetate (PMA; 100 nM).
Afterwards, samples were fixed with 4% PFA.

Cells (immediately fixed after isolation or stimulation)
were stained for CD66b, CD11b and PIl. Samples were
analysed as described above. Furthermore, immediately
fixed samples were used to set a baseline level to define
‘CD11b/CD66b high’ neutrophils.

Long-term activation for NET induction

Cells were incubated in RPMI-1640 (10% FCS) with the
same stimuli as indicated above for 3h. Afterwards,
samples were fixed with PFA as described.

Cells were stained with a primary antibody (rabbit anti-
H3Cit), a secondary antibody (goat anti-rabbit 19G), CD66b
and PI prior to analysis with CytoFlex S. For negative con-
trols, immediately fixed samples were stained with sec-
ondary antibody only or remained unstained. Analysis of
data was performed as described above.

Statistical analysis

Descriptive statistical analysis was used to describe pa-
tient characteristics. Continuous variables are character-
ized by median values and the respective interquartile
ranges (IQR). Wilcoxon-signed rank test (for paired sam-
ples) and Mann-Whitney U test (for unpaired samples)
were used to analyse differences between two groups.
A two-sided P-value <0.05 was defined as significant.
Statistical analysis was performed using SPSS version
17.0.2 (IBM). Graphs were generated with GraphPad
Prism 6 (GraphPad).

Results
Characteristics of the cohorts

Characteristics of the healthy control and the patient co-
hort are listed in Table 1. Twenty healthy volunteers (14 fe-
male, 70%) with a median age of 49years (IQR: 36-
58 years) were included. Twenty patients with APS (15 fe-
male, 75%) with a median age of 47years (IQR: 36-
52 years), were recruited into this study. Each patient had
a history of thrombosis, including 11 cases of VTE, four
with ATE and five with both. Fourteen patients (70%) were
triple positive for all aPLAs, three patients were LA and
anti-B2GPI positive and three patients were only positive
for LA. Nineteen patients were on antithrombotic agents.
Of those, 16 patients received vitamin K antagonist and
four low-dose aspirin (one received both). Six patients suf-
fered from concomitant systemic autoimmune rheumatic
diseases (ARD), two from diabetes mellitus, five from
hyperlipidaemia, eight from hypertension and six received
immunosuppressive therapy.

Differences between HDNs and LDNs in healthy
controls

In order to investigate whether HDNs and LDNs are dif-
ferentially pre-activated (baseline) and show spontan-
eous activation, the mean fluorescent intensity (MFI) of
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activation markers CD66b and CD11b were analysed.
LDNs showed a significantly higher expression of these
activation markers already at baseline (immediately fixed
samples after isolation) compared with HDNs (MFI
CDe6b: 2.4-fold, P < 0.0001; MFI CD11b: 1.4-fold,
P = 0.0045). In line, spontaneous upregulation of activa-
tion markers (within 30 min of in vitro incubation without
additional stimulus) was higher in LDNs compared with
HDNs in the control cohort (MFI CD66b: 2.8-fold,
P < 0.0001; MFI CD11b: 1.5-fold, P = 0.0012) as shown
in Fig. 1A and B (Supplementary Table S1A and B, avail-
able at Rheumatology online). Upon addition of an
in vitro stimulus, LDNs showed a comparable upregula-
tion in the percentage of CD11b positive cells as HDNs
(Fig. 1D, Supplementary Table S1D, available at
Rheumatology online) whereas significant differences
were observed for upregulation of CD66b. Higher fre-
quencies of CD66b high cells were seen in stimulated
HDNs (I0: median 99.80%; PMA: 94.75%), compared
with LDNs (I0: median 83.20%; PMA: 48.25%; both
P < 0.0001) as shown in Fig. 1C and Supplementary
Table S1C, available at Rheumatology online.

Differences in NET formation were investigated using
H3Cit as a NET marker. Already at baseline, LDNs from
healthy volunteers showed significantly higher H3Cit
positivity compared with HDNs (1.4-fold, P =0.048).
Spontaneous NET formation was highly increased in
LDNs compared with HDNs (4.8-fold, P <0.0001) as
well as after stimulation with 10 (2.7-fold, P <0.0001)
and PMA (3.8-fold, P <0.0001) as shown in Fig. 1E.

Differences between HDNs and LDNs in patients
with APS

Similarly to our healthy cohort, differences between
HDNs and LDNs were investigated in patients with APS.
As found for healthy individuals, LDNs showed both,
higher baseline and spontaneous activation compared
with HDNs. MFI of CD66b at baseline was 2.3-fold and
after being left untreated for 30 min, 2.2-fold increase in
LDNs compare to HDNs (both P <0.0001) (Fig. 2A,
Supplementary Table S2A, available at Rheumatology
online). A similar pattern was seen regarding the MFI dy-
namics | of CD11b. At baseline, LDNs had a 1.5-fold
higher and untreated a 1.6-fold higher CD11b expres-
sion compared with the respective HDN samples (both
P <0.001) (Fig. 2B and Supplementary Table S2B, avail-
able at Rheumatology online). When looking at the po-
tential of activation, both activation markers revealed
significant higher upregulation after stimulation in HDNs
as compared with LDNs (MFI, Fig. 2C and D). Higher
percentages of CD66b high cells were seen in stimu-
lated HDNs [IO: median 99.75% (IQR: 99.63-99.88);
PMA: 94.35% (89.53-95.20)] compared with stimulated
LDNs [IO: 75.15% (49.05-97.00), P <0.001; PMA:
51.20% (23.10-75.43), P <0.0001] as shown in Fig. 2C.
Comparable data is seen in Fig. 2D for the frequencies
of CD11b high cells. HDNs showed higher response to
stimulation with 10 [98.20% (61.08-99.13)] and PMA
[86.05% (37.10-91.55)] compared with LDNs [IO:
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TasLe 1 Characteristics of study populations

Healthy (n = 20) APS (n = 20)

Age at study entry (IQR)
Female, n (%)
Blood count, median (IQR)
Leukocyte count [G/L]
Haemoglobin [g/dL]
Platelet count [G/L]
History of thromboembolism, n (%)
Thromboembolism
Venous thromboembolism
Arterial thromboembolism
Both
Pregnancy complications, n (%)~
aPLAs positivity, n (%) ™
LA + anti-f2GPI + aCL antibodies (triple positivity)
LA + anti-f2GPI antibodies
LA + aCL antibodies
LA alone
Antithrombotic agents, n (%)
VKA
LMWH
DOAC
LDA
None
Concomitant diseases/medication, n (%)
Concomitant ARD, n (%)
Hypertension, n (%)
Hyperlipidaemia, n (%)
Diabetes mellitus, n (%)
Immunosuppressive therapy, n (%)

49 (36-58) 47 (36-52)
14 (70) 15 (75)
5.2 (4.7-6.4) 5.2 (4.6-7.9)

14.2 (12.8-14.4)
259 (229-303)

13.5 (12.2-14.5)
220 (166-252)

0(0) 20 (100)
0(0) 11 (55)
0(0) 4(20)
0(0) 5 (25)
0(0) 11(73)
14 (70)
3(15)
0(0)
3(15)
0(0) 19 (95)
0(0) 16 (80)
0(0) 0(0)
0(0) 0(0)
0(0) 4(20)
20 (100) 1(5)
0(0) 6 (30)
3(15) 8 (40)
0(0) 5 (25)
0(0) 2(10)
0(0) 6 (30)

*Percentages for pregnancy complications calculated with regard to 15 female patients only.
**Cut-offs defining aPLAs parameter positivity: LA positivity: positive aPTT-LA; aCL positivity: >40 GPL/MPL U/ml; anti-

B2GPI positivity: >8 GPL/MPL U/ml.

aCL: anticardiolipin antibody; anti-$2GPI: anti-B2-glycoprotein; aPLA: antiphospholipid antibody; ARD: autoimmune rheum-
atic disease; DOAC: direct oral anticoagulant; IQR: interquartile range; LA: lupus anticoagulant; LDA: low dose aspirin;
LMWH: low molecular weight heparin; VKA: vitamin K antagonist. Patients with concomitant ARD are patients with SLE

(n=4) or lupus-like disease (n=2).

31.70% (12.65-68.03), P<0.001; PMA: 16.20% (4.22-
26.18), P <0.0001].

In terms of H3Cit expression, a similar trend was
observed in healthy controls was visible. Again, at base-
line but also unstimulated and after stimulation with 10
or PMA, LDNs from patients with APS showed a higher
ability of NET production compared with HDNs (base-
line: 1.3-fold, P =0.025; unstimulated: 4.4-fold,
P <0.0001; 10: 1.5-fold, P =0.014; PMA: 3.6-fold,
P <0.0001) (Fig. 2E, Supplementary Table S2E, available
at Rheumatology online).

Neutrophil counts and subsets in healthy controls
compared with patients with APS

No difference in absolute neutrophil counts between
healthy controls [median: 2.9G/l, IQR (2.3-3.5)] and
patients with APS [3.1 G/l (2.5-5.7)] was found (Fig. 3A,
Supplementary Table S3A, available at Rheumatology
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online). After PBMC isolation, percentage of LDNs was
investigated. Healthy controls [1.45% (1.23-2.25)] had a
significantly lower percentage of LDNs in their PBMC
fraction as compared with patients [2.45% (1.3-5.5),
P =0.037] (Fig. 3B, Supplementary Table S3B, available
at Rheumatology online).

Investigation of neutrophil maturation state according
to the expression of CD62L and CD16 revealed differen-
ces between healthy controls and APS patients.
Regarding HDNSs, similar percentages of mature and
activated neutrophils and slightly but significantly lower
amounts of newly released neutrophils were found in
patients with APS [healthy: median: 9.15% (IQR: 6.44-
17.10), APS: 6.16% (5.51-8.01), P =0.042] (Fig. 3C,
Supplementary Table S3C, available at Rheumatology
online). Analysis of LDNs revealed similar percentages
of mature neutrophils but higher amounts of activated
[healthy: 3.33% (1.33-6.23), APS: 6.25% (4.15-8.73),
P =0.008] and lower amounts of newly released
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Fic. 1 Differences between HDNs and LDNs in healthy controls
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Neutrophil subpopulations isolated from 20 healthy volunteers at baseline (immediately fixed after isolation), untreated
and after stimulation with |0 and PMA. (A) MFI of CD66b and (B) CD11b as well as (C) % of CD66b high and (D) %
of CD11b high of HDNs (clear boxes) and LDNs (scattered boxes) after treatment for 30 min at 37°C. (E) MFI of H3Cit
after stimulation for 3h at 37°C. Statistical analysis was performed using Mann-Whitney U test. H3Cit: citrullinated
histone H3; 10: ionomycin; LDN: low density neutrophil; MFI: mean fluorescent intensity; n.s.: not significant; PMA:
phorbol 12-myristate 13-acetate. *P <0.05; **P <0.01; ***P<0.0001.
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Fic. 2 Differences between HDNs and LDNs in patients with APS
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of CD11b high of HDNs (clear boxes) and LDNs (scattered boxes) after treatment for 30 min at 37°C. (E) MFI of H3Cit
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Fic. 3 Absolute neutrophil counts, LDN percentage and subsets in patients with APS compared with healthy controls
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(A) Absolute neutrophil counts and (B) % of LDNs in PBMCs of healthy controls (grey circles) and patients with APS
(black squares). Flow cytometric characterization of neutrophil subsets in (C) HDNs and (D) LDNs. The proportions of
CD62L1/CD167 (mature), CD62L|/CD167 (activated) and CD62L1/CD16] (newly released) neutrophils to CD66b posi-
tive cells are indicated. Statistical analysis was performed using Mann-Whitney U test. HDN: high density neutrophil;
LDN: low density neutrophil; PBMC: peripheral blood mononuclear cell. *P <0.05; **P<0.01.

neutrophils in APS patients [healthy: 14.55% (9.42-
26.88), APS: 11.15% (5.78-13.00), P =0.037] (Fig. 3D,
Supplementary Table S3D, available at Rheumatology
online).

Differences between HDNs and LDNs of healthy
controls and patients with APS

HDNs of healthy controls had significantly higher base-
line CD11b (1.25-fold, P = 0.0012) but similar CD66b
expression (Fig. 4A and B, Supplementary Table S4A/B,
available at Rheumatology online) as APS patients.
Spontaneous activation was higher in HDNs from
patients with APS compared with those isolated from
healthy controls. This was seen with respect to frequen-
cies of CD66b high [healthy: median: 1.93% (IQR: 1.16-
2.89), APS: 2.49% (1.90-8.21), P =0.044] as well as

https://academic.oup.com/rheumatology

CD11b positive cells [healthy: 0.56% (0.19-1.37), APS:
2.78% (0.58-10.24), P =0.01] in Fig. 4C and D and
Supplementary Table S4C/D, available at Rheumatology
online. Furthermore, stimulation with 10 [healthy:
35.50% (13.50-93.89), APS: 98.20% (61.08-99.13),
P <0.0001] and PMA [healthy: 23.85% (3.74-77.28),
APS: 86.05% (37.10-91.55), P =0.007] revealed a sig-
nificantly increased reactivity of HDNs isolated from
patients compared with healthy controls. The ability of
HDNs to undergo NET formation was comparable in
both cohorts. Only stimulation with 10 showed increased
ability of HDNs of APS patients to form NETs (1.8-fold,
P =0.023) (Fig. 4E, Supplementary Table S4E, available
at Rheumatology online).

The comparison between LDNs isolated from healthy
controls and patients with APS showed no significant
differences, in expression of their activation markers
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Fic. 4 HDNs in APS patients compared with healthy controls
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HDNSs isolated from 20 healthy controls and 20 patients with APS at baseline (immediately fixed after isolation), un-
treated and after stimulation with |0 and PMA. (A) MFI of CD66b and (B) CD11b as well as (C) % of CD66b high and
(D) % of CD11b high of healthy controls (grey boxes) and patients with APS (black boxes) after treatment for 30 min
at 37°C. (E) MFI of H3Cit after stimulation for 3h at 37°C. Statistical analysis was performed using Mann-Whitney U
test. H3Cit: citrullinated histone H3; HDN: high density neutrophil; 10: ionomycin; MFI: mean fluorescent intensity;
n.s.: not significant; PMA: phorbol 12-myristate 13-acetate. *P <0.05; **P <0.01; ***P <0.001.

(Fig. 5A-D). Also, no differences in NET production were Discussion

detected (Fig. 5E). Additional information is given in

Supplementary Table S5, available at Rheumatology In this study, we investigated neutrophil subpopulations
online. and their features in healthy controls and patients with
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Fic. 5 LDNs in APS patients compared with healthy controls
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LDNs isolated from 20 healthy controls and 20 patients with APS at baseline (immediately fixed after isolation), un-
treated and after stimulation with IO and PMA. (A) MFI of CD66b and (B) CD11b as well as (C) % of CD66b high and
(D) % of CD11b high of healthy controls (grey boxes) and patients with APS (black boxes) after treatment for 30 min
at 37°C. (E) MFI of H3Cit after stimulation for 3h at 37°C. Statistical analysis was performed using Mann-Whitney U
test. H3Cit: citrullinated histone H3; 10: ionomycin; LDN: low density neutrophil; MFI: mean fluorescent intensity; n.s.:
not significant; PMA: phorbol 12-myristate 13-acetate.

https://academic.oup.com/rheumatology 1695



Lisa-Marie Mauracher et al.

APS. In both groups, HDNs showed a stronger response
to inflammatory stimuli as reflected by the expression of
the adhesion molecules CD11b and CD66b. In contrast,
LDNs had a greater tendency to undergo spontaneous
and induced NET formation. A higher response of HDNs
in terms of increased ability to upregulate CD66b and
CD11b as well as elevated NET formation was revealed
for patients with APS. Patients with APS had higher
numbers of LDNS, which also showed an enhanced ac-
tivation state compared with sex and age matched
healthy controls, which may further support their
NETosis capacity.

In the present study, we investigated the activation
potential of different neutrophil subpopulations based on
density (HDN/LDN). To our knowledge, such data are
not available in healthy individuals yet. We found that
LDNs from healthy volunteers have increased basal acti-
vation and show lower ability to further elevate the ex-
pression of activation markers (CD66b and CD11b).
Furthermore, LDNs have higher basal H3Cit positivity
which is also significantly upregulated upon activation
compared with HDNs. There is ongoing discussion
whether LDNs detected in the PBMC layer of healthy
individuals are just residues of HDNs that have been
stuck in the PBMC layer upon isolation and that healthy
individuals do not have LDNs at all. However, our results
clearly indicate that LDNs also exist in healthy individu-
als, but their function is still unclear.

The review by Scapini et al. [8] summarized available
data on human LDNs, which were mostly derived from
patients with cancer. LDNs in autoimmune diseases
such as SLE showed less phagocytic activity, but
enhanced cytokine secretion and NET formation [30].
Van der Linden et al. [6] investigated patients with SLE,
and also included patients with APS in their study. They
found that neutrophils from healthy controls release
more NETs when treated with serum from patients with
SLE but no significant difference was found after treat-
ment with APS patient-derived serum. Furthermore,
increased IFNa is associated with enhanced NET forma-
tion and higher LDN counts in patients with SLE but not
in patients with APS [6]. However, the role of LDNs in
APS is still unclear. Our investigations of LDNs and
HDNs of APS patients showed a pattern that is largely
comparable to that found in neutrophils from healthy
controls. LDNs of APS patients have a higher basal acti-
vation state (CD11b and CD66b) but are less reactive to
stimulation with 10 and PMA than HDNs of APS
patients. Compared with HDNs, H3Cit positivity was
highest in LDNs at baseline but also elevated after
stimulation with 10 and PMA.

Data on numbers of LDNs in patients with APS are
conflicting. Van Hoogen and van der Linden described
higher counts of low-density granulocytes in patients
with APS compared with healthy controls and even
stratified according to disease activity [15]. This is simi-
lar to our results, as we observed significantly increased
percentages of LDNs in patients with APS compared
with sex- and age-matched healthy controls. Contrary to
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those results, Yalavarthi et al. reported no significant dif-
ference between low density granulocyte counts in con-
trol individuals and patients with APS [19].

Irrespective of characterization by neutrophil density,
Pillay et al. [31] subdivided neutrophils according to their
expression of CD62L and CD16. They showed that al-
most 100% of neutrophils in healthy controls were
CD62Lhigh/CD16high neutrophils (often referred to as
mature and quiescent). Upon lipopolysaccharide stimu-
lation in vivo, levels of CD62LIow/CD16high neutrophils
(identified as activated) as well as CD62Lhigh/CD16low
neutrophils (characterised as newly released from bone
marrow or spleen) increased in this cohort. CD62Lhigh/
CD16low neutrophils are also considered as immuno-
suppressive neutrophils, given their T-cell inhibitory
functions and are found in different diseases including
cancer, HIV, infection and sepsis [16]. Furthermore, data
show that LDNs may suppress T-cell responses such as
proliferation and IFN production. Despite these results,
data from neutrophils isolated from patients with SLE
showed LDNs with a more activated and pro-
inflammatory phenotype [17]. Millrud et al. [10] reported
increased levels of activated neutrophils in patients with
cancer. We investigated neutrophil membrane expres-
sion of CD62L and CD16 for discrimination of maturation
states in HDNs and LDNs. We found that the majority of
neutrophils in both APS and healthy individuals are ma-
ture neutrophils. Antibodies against B2-glycoprotein |
(anti-B2GPI) also induce a proinflammatory response, as
it has been reported that those antibodies trigger
MyD88-dependent nuclear factor kB (NFxB) transloca-
tion upon endothelial cell binding [32]. Also, monocyte
activation by anti-B2GPI leads to a phenotypical change
of the cell towards a more proinflammatory and pro-
coagulant monocyte [33]. The vast majority of patients
with APS in our cohort (85%) have elevated anti-B2GPI
antibody levels. Comparable to observations by Sagiv
et al. [12] we saw increased percentages of activated
neutrophils within LDNs, as also shown for SLE patients
by Rahman et al. [17], but not in HDNs. Furthermore, in
our study, patients with APS did not show elevated per-
centages of newly released neutrophils compared with
matched healthy controls. Nevertheless, there are differ-
ences between the basal activation states of HDNs and
LDNs from patients with APS and healthy controls. This
might strengthen the hypothesis that aPLAs present in
the blood of patients with APS might lead to pre-
activation of neutrophils.

The investigation of activation potential and NET for-
mation capability of neutrophil subpopulations in
patients with APS compared with healthy controls was
the major aim of this study. H3Cit positive NETs were
shown to be involved in different pathologies [34-36] as
well as thrombus formation [21, 22]. One hypothesis for
the increased risk to develop thrombosis in APS is that
neutrophils release more NETs as a result of a primed
state due to aPLAs exposure. It was already shown
that aPLAs, especially anti-B2GPI antibodies, lead to
activation of innate immune cells [37]. Yalavarthi et al.
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compared neutrophils derived from patients with APS
with healthy controls [19]. They showed that plasma lev-
els of cell-free DNA are increased in patients with APS
and that their neutrophils have higher spontaneous NET
formation after 2h incubation in serum-free media.
Furthermore, treatment of control neutrophils with APS
serum resulted in increased NET formation. Interestingly,
experiments by van der Linden et al. [6] did not show a
significantly increased NET production. This was only
true when control neutrophils were treated with plasma
from SLE patients. We also checked for differences be-
tween patients with and without ARD and did not see
any significant differences (data not shown). In our
experiments we did not detect higher spontaneous NET
release by neutrophils isolated from patients with APS,
neither in HDNs nor in LDNs. We also cultured neutro-
phils in serum-free media, even for 3h, but only a small
difference in NET release after HDN stimulation with 10
was observed. Besides the higher NET formation in neu-
trophils from patients with APS, it was shown by Leffler
et al. [38] that serum from patients with APS was not
able to degrade NETs as fast as serum from healthy
controls. This supports the evidence that NETs play an
important role in APS and the increased thrombotic risk.

Investigation of LDN counts revealed that some
patients had increased LDN levels. In a subgroup ana-
lysis, we investigated differences between those
patients with increased LDN levels (above the 75th per-
centile, cut-off: 5.5%; n=6) and below the cut-off
(n=14). We saw that four out of six patients in the
LDN"9" group received immunosuppressive therapy and
that those patients also had increased absolute neutro-
phil counts (P =0.039, 1.54-fold). No difference between
age and sex were found between the groups.

To our knowledge, activation studies with HDNs and
LDNs investigating CD11b and CD66b expression have
not been published yet. Basal marker expression levels
could help to interpret activation states even more pre-
cisely than a single CD62L investigation does. In our
studies we could not detect higher activation states of
HDNs and LDNs in our cohorts when assessing CD11b
and CD66b. Nevertheless, HDNs of patients with APS
showed higher spontaneous upregulation of both
markers and were increased CD11b to a higher extent
compared with control HDNs upon activation with both
applied stimuli.

Some limitations of this study have to be discussed.
First, the sample size is rather small; however, APS is a
rare disease and the investigations had to be performed
with freshly collected blood samples. Due to the rela-
tively low number of participants, we were not able to
evaluate the influence of comorbidities. Second, only
one mechanism of NET formation including the citrullina-
tion of histone H3 was investigated. Apart from histone
citrullination, additional mechanisms of NET formation
exist [39]; thus, it would be interesting to analyse other
NETosis pathways in this context. This is, however,
hampered by the lack of parameters specific for NET
formation and distinguishing to cell death programs.
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Currently, measurement of H3Cit is one of the most
widely used and accepted methods to measure NET for-
mation. Furthermore, detection of NET formation could
be performed by other methods where neutrophils and
NETs can adhere to the surface and may not be washed
away, which is a frequent problem with staining proce-
dures. Establishment of alternative ad reliable methods
to detect NETs and NET-forming neutrophils is crucial in
the future.

In conclusion, these experiments are the first to sys-
tematically investigate the potential of activation and
H3Cit production of HDNs and LDNs in different stimula-
tion settings in healthy controls and patients with APS.
Our findings strengthen the hypothesis that neutrophils
play a role in APS and the increased thrombotic risk in
this patient cohort. LDNs from patients with APS
showed a primed or exhausted phenotype that might be
due to pre-activation by aPLAs. HDNs of patients with
APS are easier to activate and show higher NET produc-
tion than HDNs from matched controls. These results
could help to further unravel underlying mechanisms of
this rare, but in some cases serious, immunologic dis-
ease and to potentially introduce novel treatment
options for patients with APS.
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