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A B S T R A C T

Background: Antiphospholipid syndrome (APS) is an autoimmune thrombophilia characterized by recurrent thromboembolism and/or pregnancy morbidity in the
presence of Antiphospholipid antibodies, mainly anti-β2 glycoprotein I (anti-β2GPI). The autoantibodies lead to monocyte and endothelial cell activation and
subsequent secretion of tissue factor (F3) and proinflammatory cytokines, like interleukins 6 (IL6) and 8 (IL8). The etiology of the syndrome remains largely
unknown, with the contribution of environmental, genetic and epigenetic factors considered significant.
Purpose: We aimed to identify epigenetic changes and factors potentially implicated in the pathophysiology of APS. To this end, we compared DNA methylation
levels of the IL8 and F3 genes between healthy donors (HDs) and APS patients, using whole blood as a source.
Results: Methylation was significantly reduced in the IL8 promoter and significantly increased in the F3 gene body in APS patients compared to HDs and correlated
with specific clinical parameters. In an ex vivo model partially mimicking APS, stimulation of monocytes with a mixture of β2GPI, anti-β2GPI and CXCL4 also induces
DNA methylation changes in the above genes, along with increase of their expression. Stimulation of human umbilical vein endothelial cells (HUVECs) with the same
mixture also results in transcriptional upregulation of epigenetic factors, including MΕCP2, DNMT3, TET1, HDAC9 and ARID5B.
Conclusions: The above data support that epigenetic alterations could be implicated in the pathophysiology of APS and prompt further investigation of their potential
diagnostic or therapeutic utility.

1. Introduction

Antiphospholipid syndrome (APS) is an autoimmune thrombophilia
characterized by recurrent thromboembolism and/or pregnancy mor-
bidity in the presence of anti-β2 glycoprotein I (anti-β2GPI) and anti-
prothrombin antibodies or lupus anticoagulant (LA) [1,2]. Endothelial
dysfunction along with innate and adaptive immunity activation has
been shown to characterize the syndrome [3–6]. Experimental models
indicate that endothelial cells treated with anti-β2GPI antibodies turn
towards a procoagulant phenotype with overexpression of adhesive
molecules such as e-selectin (SELE), Tissue Factor (F3) and VCAM
[7–9]. Patients with APS have higher circulating levels of proin-
flammatory cytokines [10,11]. Toll Like Receptor (TLR) 2, 4 and 6
activation leads to monocyte and endothelial cell activation and sub-
sequent expression of F3 and proinflammatory cytokines, such as IL-6
and IL-8 [12–18]. We have previously shown that platelet derived
chemokines are elevated in the plasma of APS patients [19]. Platelets
are activated by complexes of anti-β2GPI autoantibodies and β2GPI,
especially when dimerized by binding to the CXCL4 chemokine
[20–23].

Epigenetic modifications consist of structural adaptations of chro-
matin to the cellular environment and often correlate with altered ac-
tivity state [24,25]. One of the major and perhaps the most extensively

studied epigenetic modification is methylation of DNA on cytosine,
which involves the covalent addition of a methyl group to the fifth
position in the six-atom ring of the nucleotide cytosine (5-methylcyto-
sine, 5 meC) and occurs mainly in the context of CpG dinucleotides
[26].

Several studies have implicated epigenetic mechanisms in the de-
velopment of autoimmunity. The methylation status of many genes has
been linked to SLE pathogenesis and progression [27–29]. Genome-
wide methylation analyses using Rheumatoid arthritis (RA) fibroblast-
like synoviocytes and peripheral blood mononuclear cells have identi-
fied several differentially methylated loci on genes implicated in im-
mune cell trafficking, cell adhesion, and extracellular matrix interac-
tions [30,31]. A recent study has also shown epigenetic alterations in
neutrophils isolated from patients with APS [32].

Based on the above we sought to explore the possible differential
methylation of the IL8 and F3 genes, which encode proteins critical for
the pathophysiology of APS. Moreover, in an ex vivo model partially
mimicking APS, we assessed the transcript levels of a number of epi-
genetic factors. We identify differences in both specific CpG methyla-
tion levels as well as in the expression of several enzymes catalyzing
epigenetic modifications and readers of epigenetic marks.
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2. Materials and methods

2.1. Patients and specimens

Patients with APS (n= 27) and healthy donors (HDs) (n= 25) were
included. Patient and healthy donor demographic characteristics are
depicted in Supplementary Table 1. The study protocol was approved
by the Ethics committee of the National and Kapodistrian University of
Athens. Whole blood was collected in EDTA tubes, and serum was
isolated from all participants and kept frozen at −80 °C. Clinical events
compatible with APS were extracted from patient medical records.

Human umbilical vein endothelial cells (HUVECs) were isolated
from 3 HDs after uncomplicated pregnancy and cultured in Endothelial
Basal Medium-2 (EBM-2, Lonza CC-3162).

2.2. Anti-β2GPI IgG isolation

Human native β2GPI was isolated from pooled citrated human
plasma as previously described and immobilized on CNBr-Activated
Sepharose 4B (GE Healthcare Life Sciences 17-0430-01) according to
the manufacturer's instructions [33]. β2GPI Sepharose crosslinked
beads were packed in centrifuge columns (Pierce 89897) for antibody
affinity purification.

Total IgG was isolated from APS patient serum using Protein G
Sepharose beads (GE Healthcare Life Sciences 17061801). Total IgG
was eluted and concentrated using 30 K molecular weight cutoff
(MWCO) concentrators (Pierce 88522) and subsequently incubated
with the β2GPI conjugated beads overnight at 4 °C. Next day, columns
were centrifuged at 1000 RCF and washed with 15 column volumes of
PBS buffer. Anti-β2GPI IgG was eluted, titrated to neutral pH and
concentrated with 2 resin bed volumes of Glycine-HCL buffer pH=2.5
and 1 resin volume of 1M Tris-HCl pH=8 was added immediately.
Samples were concentrated with 30 K MWCO concentrators.

2.3. Monocyte activation

Peripheral blood mononuclear cells were isolated from 3 HDs
through density gradient on Ficol-Paque 1.077 gr/ml and assayed in 4
separate experiments. Five hundred μL of cell suspension was seeded in
48-well plates in RPMI with 10% FBS at a final concentration of
4× 106 cells/ml and left to adhere overnight. The following day, non-
adherent cells were removed and new serum free medium was added in
the wells for 1 h. The cells were then treated with 100 ng/ml LPS as a
positive control, RPMI alone or every combination of IgG (50 μg/ml),
β2GPI (20 μg/ml) and CXCL4 (40 ng/ml) for 4 h for RNA and DNA
analysis. Monocytes were treated with IgG (50 μg/ml) and β2GPI
(20 μg/ml) for 30min, 1, 2, 4, 6, 8, 12 and 24 h for gene expression and
methylation analysis.

2.4. HUVEC stimulation

HUVECs were stimulated with IgG isolated from APS patients and
HDs. HUVECs isolated from 2 HDs were cultured to 70% confluence in
75 cm2 flasks. Subsequently cells were trypsinized, seeded in 24-well
plates and cultured in EBM-2 complete medium containing FGF-b,
VEGF, IGF-1, EGF and 2.5% FBS. Upon confluence, the medium was
removed and replaced with starvation medium containing EBM-2 and
1% FBS for 24 h in order to achieve cell synchronization before treat-
ment and G0/G1 phase arrest [34]. Then every combination of anti-
β2GPI IgG (50 μg/ml), β2GPI (20 μg/ml) and CXCL4 (40 ng/ml) was
added to the wells for 4 h.

2.5. RNA isolation and Real Time PCR

Total mRNA was isolated from treated HUVECs using a commer-
cially available kit (QIAGEN 74034). Five hundred ng of total RNA

were reverse transcribed to cDNA (RR037B, PrimeScript™ RT Reagent
Kit). Real Time PCR using SYBR green MM (Kapa Biosystems KK4618)
was performed in order to determine the relative expression of SELE
(selectin-5 leukocyte adhesion molecule), IL8, F3, VEGFC (vascular
endothelial growth factor C receptor), TMBD (Thrombomodulin),
DNMT3A (DNA methyltransferase 3 alpha), DNMTA3B (DNA methyl-
transferase 3 beta), SMYD4 (SET and MYND domain-containing protein
4), ARID3A (AT-rich interactive domain-containing protein 3A),
ARID5B (AT-rich interactive domain-containing protein 3 B), KDM5C
(Lysine-specific demethylase 5C), MeCP2 (methyl-CpG binding protein
2), HDAC4 (histone deacetylase 4), HDAC7 (histone deacetylase 7),
HDAC9 (histone deacetylase 9), TET1 (Tet Methylcytosine Dioxygenase
1) and EZH2 (enhancer of zeste homolog 2) using β2 microglobulin as
reference gene.

2.6. DNA isolation, bisulphite treatment and methylation specific PCR
(MSPCR)

DNA from EDTA treated whole blood was isolated using a com-
mercial DNA isolation kit according to the manufacturer's protocol
(Macherey-Nagel 740951). Bisulfite conversion was performed using
the EZ DNA Methylation-Gold Kit (Zymo Research D5005). Converted
DNA was subsequently used in PCR using primers specific for either
methylated or unmethylated template. IL8 primers have been pre-
viously reported and recognize 3 CpGs in the promoter region [35].
Primer sequences for F3 are: forward 5′GGAAAAAGATAAATTTATAC3′,
reverse 5′ACATACCCCATATTTCTACG3′ for methylated template and
forward 5′ GGAAAAAGATAAATTTTATAT3′, reverse 5′ACATACCCCAT
ATTTCTACA3′ for unmethylated template and recognize 2 CpGs on
positions Chr1:95006322 and Chr1:95006539 (hg19 assembly) in the
first intron of the gene. For simplicity, we refer to the targets as IL8
promoter and F3 gene body or first intron CpGs respectively. Fully
methylated and fully unmethylated bisulphite treated DNA were used
as controls in order to assess the primer specificity. qPCR was per-
formed with SYBR Green MM (Kapa Biosystems KK4618).

2.7. Immunocytochemical analysis for IL8 and F3 protein

Monocytes were isolated as previously described and seeded on
coverslips for overnight adherence. Next day, cells were stimulated as
described above for 4 h. Following treatment, the medium was aspi-
rated and coverslips were washed three times with Phosphate-buffered
saline (PBS). Cells were then fixed with 4% paraformaldehyde in PBS
for 10min. Coverslips were washed three times with PBS and cells were
permeabilized with 0.1% Triton-X in PBS for 10min. Coverslips were
washed twice with PBS and nonspecific binding was blocked with
buffer containing 10% goat serum in PBS for 30min. Blocking buffer
was aspirated and coverslips were incubated overnight at 4 °C with
primary antibodies against IL8 (Cusabio, CSB-PA08327A0Rb, rabbit
anti-human) and F3 (American Diagnostica, 4509, mouse anti-human)
in blocking buffer at a final concentration 20 μg/ml and 10 μg/ml re-
spectively. Next day primary antibody solution was removed and cov-
erslips were washed three times with PBS. Coverslips were incubated
for 1 h at RT with secondary antibody solution containing goat anti-
rabbit CF-568 conjugated (Biotum, 20102, red) and goat anti-mouse
CF-488 conjugated (Biotum, 20010, green) antibodies at a final con-
centration of 2.6 μg/ml. Secondary antibody solution was removed,
coverslips were washed three times with PBS and cells were incubated
with DAPI (4′,6-diamidino-2-phenylindole, ThermoFischer Scientific
D1306) solution in water at a final concentration 100 ng/ml for 8min at
RT for nuclear visualization. Coverslips were washed three times with
water and mounted on microscopy slides.

2.8. Statistical analysis

Data are presented as mean ± Standard Deviation (SD). Statistical
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analyses were performed with GraphPad Prism 6.0. Values and differ-
ences between groups were evaluated by Mann-Whitney, paired t tests
or Kruskal-Wallis (One-Way ANOVA) tests for continuous variables.
Spearman correlation as well as multivariate regression analysis was
performed, as indicated in the figure legends. P-values< 0.05 were
considered statistically significant.

3. Results

3.1. Decreased relative methylation levels of the IL8 promoter in APS
patients

DNA isolated from APS patients had statistically significantly lower
methylation levels in the IL8 promoter compared to healthy donors
(mean ± SD: APS 0.6715 ± 0.3090 vs HD 1.153 ± 0.4244,
p < 0.0001, Fig. 1A).

Group analysis showed that patients with a history of arterial
thromboembolism had the lowest levels of IL8 promoter CpG methy-
lation compared to patients with a history of venous thrombosis or
pregnancy morbidity (Kruskal-Wallis analysis of means revealed dif-
ference of statistical significance between groups, p= 0.0003).
Statistically significant difference was also observed when comparing
levels in patients with arterial thrombotic events vs those with preg-
nancy morbidity, or those with venous thrombosis only. IL8 promoter
methylation levels were also significantly different in patients with
venous thrombosis vs those with pregnancy morbidity (Fig. 1B). IL8
methylation can discriminate with good specificity and sensitivity pa-
tients with a history of arterial thromboembolism from the others (1C).

APS patients who had suffered 3 or more clinical incidents had

significantly lower methylation levels compared to the ones that had
experienced less than 3 episodes (Fig. 1D). An inverse correlation was
observed between the methylation levels of the examined CpGs in the
IL8 gene promoter and the time since the last clinical event (Fig. 1E).
Means ± SD of all comparisons are depicted in Table 1.

Within the APS group, a significant inverse correlation was found
between IL8 promoter CpG methylation and APΤT values (Fig. 1F).

Fig. 1. Comparison of IL8 promoter methylation levels in DNA derived from whole blood of HD, APS patients and subcategories. A) APS patients have decreased
relative IL8 promoter methylation compared to healthy donors (mean ± SD: APS 0.6715 ± 0.3090 vs HD 1.153 ± 0.4244, p < 0.0001). B) Differential IL8
promoter methylation levels among APS patients with a history of arterial thrombotic event, venous thromboembolism or pregnancy morbidity (mean: 0.4815 vs
0.6954 vs 1.128 respectively, Kruskal-Wallis analysis p=0.0003). C) Discriminative power of IL8 methylation for APS patient history of arterial thromboembolism,
venous thrombosis or pregnancy morbidity (area under the curve 0.786, p=0.0010). D) Methylation levels of the IL8 gene promoter negatively correlate with the
time since the last clinical event (Spearman r 0.6057, p= 0.0129). E) Differential IL8 methylation levels between APS patients having suffered more or less than 3
clinical events (mean: 0.533 vs 0.7907, p= 0.0348). F) Significant inverse correlation between IL8 methylation and APΤT values in APS patients (Spearman r
−0.4646, p=0.0193).

Table 1
Association of clinical characteristics with IL8 promoter and F3 first intron
relative methylation.

Clinical Relative CpG methylated/unmethylated levels

Characteristics in patients positive for the clinical presentation
expressed as fold over one healthy control sample (mean±
SD)
IL8 promoter F3 first intron

Clinical events
Arterial 0.4815 ± 0.1545 1.832 ± 0.3916
Venous 0.6954 ± 0.1363 1.982 ± 0.5203
Pregnancy morbidity 1.128 ± 0.3377 1.876 ± 0.5177
Kruskal-Wallis test p= 0.0003 p=0.9331
Days since last

incident
Spearman r 0.6057 0.2363

p=0.0129 p=0.1892
Number of events
> 3 0.533 ± 0.199 1.832 ± 0.4234
<3 0.7907 ± 0.3455 1.965 ± 0.5573
Mann-Whitney test p= 0.0348 p=0.8066
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3.2. Increased relative methylation levels of CpGs in the F3 gene body

Methylation of the examined CpGs in the first intron of F3 was
statistically higher in whole blood derived from APS patients compared
to healthy donors (mean ± SD: APS 1.902 ± 0.4920 vs HD
1.335 ± 0.4356, p < 0.0001, Fig. 2A).

Analysis between patient clinical subgroups revealed no difference
in methylation among those that had suffered from arterial throm-
boembolism, venous thrombosis or pregnancy morbidity (Table 1). A
negative correlation was observed between methylation levels and
APTT values (Spearman r −0.4267, p=0.0212, Fig. 2B). Association
of CpG methylation levels was observed with LA, anti-β2GPI and aCL
auto-antibody presence (Fig. 2C).

3.3. Stimulation of HD monocytes with anti-β2GPI IgG - β2GPI - CXCL4
leads to transcriptional activation and dynamic changes in methylation of
the IL8 and F3 genes

Next, we assessed the involvement of epigenetic regulatory me-
chanisms in an in vitro model of monocyte stimulation with anti-β2GPI
IgG/β2GPI/CXCL4. Initially, monocytes were stimulated with anti-
β2GPI -β2GPI complex for 30min, 1, 2, 4, 6, 8, 12 and 24 h in order to
identify the optimal time point where maximum response is noted.
Maximum effect for both IL8 and F3 genes following stimulation was
noted at 4 h post stimulus (Supplementary Figs. 1A and 1C). IL8 mRNA
levels remained persistently high whereas F3 returned to basal levels
24 h after the stimulus. Stimulation of HD monocytes for 4 h with anti-
β2GPI, anti-β2GPI-β2GPI complex or a mixture of anti-β2GPI IgG-
β2GPI-CXCL4 induces an activated phenotype. The mixture of anti-
β2GPI IgG-β2GPI-CXCL4 had the maximum effect and upregulated the
expression of the IL8 gene-a neutrophil chemotactic factor and F3 gene-
which initiates the blood coagulation cascade. The observed increase
was 200 fold for the IL8 gene (Fig. 3A) and 15 fold for the F3 gene
compared to untreated cells (Fig. 3C). Stimulation also induced ex-
pression of IL8 and F3 at protein levels, as assessed by im-
munocytochemical analysis of monocytes treated with the activating
factors for 4 h (Fig. 3E–H).

In order to evaluate the epigenetic regulation of IL8 and F3 gene
expression, genomic DNA from monocytes treated for 30min, 1, 2, 4, 6,
8, 12 or 24 h was assessed with MSPCR for the determination of relative
methylation levels in the first intron of F3 and the IL8 promoter. Upon
treatment with anti-β2GPI IgG-β2GPI, DNA methylation levels of the
IL8 promoter exhibited an initial increase reaching a peak at 4 h fol-
lowed by a decrease at 6 h and 8 h and a return to basal levels at 24 h
post stimulus. F3 first intron methylation also exhibited an initial in-
crease at 4 h, a trend for decrease at 6 h and 8 h and returned to basal
levels at 24 h. The difference between the untreated cells at the 6 h and
8 h hour time point was not significant for the F3 first intron
(Supplementary Figs. 1B and 1D). At 4 h post treatment with anti-β2GPI
IgG-β2GPI, both regions examined showed statistically significant in-
creased relative methylation compared to untreated cells (Fig. 3B and
D). The same stimulus for 6 h resulted in a statistically significant

decrease of relative methylation in the IL8 promoter, whereas in the F3
first intron the difference was not significant compared to untreated
cells. The strongest effect on methylation was observed with the triple
anti-β2GPI IgG-β2GPI-CXCL4 mixture (Supplementary Fig. 2). The re-
sults are derived from 5 independent experiments and support that
transcriptional activation of both genes is accompanied by dynamic
changes in their methylation status.

3.4. Stimulation of HD HUVECs with anti-β2GPI IgG - β2GPI - CXCL4
induces an activated phenotype and transcriptionally regulates multiple
epigenetic factors

Next, we assessed the involvement of epigenetic regulatory me-
chanisms in an in vitro model implicating interactions of HUVECs with
anti-β2GPI IgG/β2GPI/CXCL4. For this reason, HUVECs derived from
healthy donors (HD HUVECs) were stimulated in vitro. When HD
HUVECs were stimulated with anti-β2GPI, anti-β2GPI -β2GPI complex
or a mixture of anti-β2GPI IgG-β2GPI-CXCL4, they acquired an acti-
vated and procoagulant phenotype. The mixture of anti-β2GPI IgG-
β2GPI-CXCL4 induced the expression of SELE - a leukocyte cell adhe-
sion molecule, IL8, F3, and VEGFC - an endothelial growth factor which
regulates the inflammatory microenvironment, and reduced the ex-
pression of TMBD-a cofactor in the anticoagulant pathway of the
thrombin-induced activation of protein C. The triple mixture of anti-
β2GPI IgG-β2GPI-CXCL4 had the strongest effect (Fig. 4A–E).

In vitro stimulation of HD HUVECs with combinations of anti-β2GPI
IgG - β2GPI - CXCL4 resulted in the differential expression of genes
encoding epigenetic factors. Compared to untreated cells, significant
differences were observed in the relative expression of MECP2 (2 fold),
DNMT3B (2 fold), TET1 (2.5 fold increase) HDAC9 genes (3fold) and
ARID5B (3fold) (Fig. 4F–J). No difference was noted for the DNMT3A,
ARID3A, SMYD4, EZH2, HDAC4, HDAC7 and KDM5C genes (Fig. 4K).

3.5. Stimulation of HUVECs with anti-β2GPI IgG - β2GPI - CXCL4 induces
changes in methylation of the F3 gene

DNA isolated from HD HUVECs treated in an in vitro model of
Antiphospholipid syndrome was assessed by MSPCR in the promoter of
IL8 gene and the first intron of the F3 gene. We did not observe any
change under any treatment in the relative methylation levels in the IL8
promoter in HD treated HUVECs, or any association with gene ex-
pression (Fig. 5A and C). Treatment of HUVECS with anti-β2GPI IgG,
β2GPI and CXCL4 resulted in decreased relative methylation levels of
the F3 first intron CpGs examined (Fig. 5B). A strong inverse correlation
between methylation and expression of F3 was also noted (Spearman r
−0.8000, p= 0.0002, Fig. 5D).

4. Discussion

The present report demonstrates for the first time that relative
methylation levels in the IL8 promoter are decreased in whole blood of
patients with APS compared to HDs. This decrease is more pronounced

Fig. 2. A) APS patients show increased re-
lative methylation levels in the F3 first in-
tron compared to healthy donors
(mean ± SD: APS 1.902 ± 0.4920 vs HD
1.335 ± 0.4356, p < 0.0001). B) Relative
methylation of F3 first intron negatively
correlates with APTT values (Spearman r
−0.4267, p= 0.0212). C) Comparison of F3
methylation between APS patients positive
or negative for anti-β2GPI IgG, LA, aCL IgM
and IgG autoantibodies (anti-β2GPI IgG:
1.89 vs 2.278, LA: 1.786 vs 2.648, aCL IgM:
2.138 vs 1.79, p < 0.05).
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in patients with a history of arterial thrombosis, those who are
chronically closer to a clinical event at the time of assessment or those
who have experienced more than three clinical events. Moreover, IL8
relative methylation negatively correlates with APTT values, which is
indicative of Lupus Anticoagulant, a strong risk factor for recurrent
thrombosis and increased mortality [36,37]. Concerning the F3 first
intron, the CpGs examined showed differential methylation between
patients and healthy individuals. Methylation levels were higher in APS
patients and seemed to associate with low antibody titers, a finding that
might be attributed to antibody consumption [38]. Given that F3 ex-
pression has been reported to be higher in APS patients [39,40], our
findings agree with the general view that CpG methylation in the first
intron positively correlates with, or may even mediate increased gene
expression [41–43].

Cell culture based experiments were in concert with the clinical
data. We focused on two different cell types, crucial for the clinical
presentation of the syndrome. In an in vitro model of APS, upon sti-
mulation with a combination of anti-β2GPI, β2GPI, and CXCL4, both
monocytes and HUVECs acquire an activated phenotype and express
higher levels of IL8 and F3 mRNA and protein. Transcriptional activa-
tion of the two genes was accompanied by changes in their DNA me-
thylation status. Monocyte stimulation resulted in an initial methyla-
tion increase in both the IL8 promoter and the F3 first intron, followed
by a decrease to almost basal or somewhat lower levels. The initial
increase in IL8 promoter methylation levels is puzzling, as we generally
observe reduced methylation when the gene is transcriptionally in-
duced. One possible explanation is that the increase we observe re-
presents rather Cytosine hydroxymethylation levels, at the specific

CpGs. The sites are also protected by bisulfite conversion and are, thus,
indistinguishable from methylated sites by this approach. Dynamic
changes in Cytosine hydroxymethylation have been proposed as an
intermediate step in the removal of the methyl mark in mammals
[44,45]. Moreover, previous studies have demonstrated that dynami-
cally increased hydroxymethylation levels in promoters and enhancers
correlate with transcription factor binding during lineage specification
in human embryonic stem cells [46]. A similar increase could be taking
place in our model system upon stimulation, correlating with the re-
cruitment of transcription factors to the IL8 promoter region to mediate
transcriptional activation. A potential role of this epigenetic mark in
response to stimulation is also supported by the increased transcript
levels of TET1, the enzyme that catalyzes hydroxymethylation, that we
observe upon treatment.

Recent research has shown that HUVEC stimulation with athero-
genic and prothrombotic stimuli leads to endothelial deregulation in a
way which is dependent on DNA methylation and histone posttransla-
tional modifications [47,48]. We wanted to examine this interaction in
the context of APS. To this end, in our in vitro model, comprising of
HUVEC activation by the anti-β2GPI-β2GPI-CXCL4 complex we as-
sessed the relative expression of genes involved in the major epigenetic
regulatory mechanisms. We observed that several genes such as
DNMT3B, MECP2, TET1, HDAC9 and ARID5B showed differential ex-
pression levels between treated and untreated cells. Interestingly, the
stronger the stimulus and the activation status of the cells, as noted by
activation markers such as e-selectin, the more intense the change in
the levels of epigenetic regulatory genes observed.

DNMT3B is one of the enzymes catalyzing Cytosine methylation. It

Fig. 3. Quantitation of IL8 and F3 expression and methylation levels in HD monocytes stimulated with anti-β2GPI, anti-β2GPI -β2GPI complex and a mixture of anti-
β2GPI IgG-β2GPI-CXCL4. A) Stimulation causes induction of IL8 expression and (B) dynamic changes in IL8 promoter methylation. The triple mixture of anti-β2GPI
IgG-β2GPI-CXCL4 has the maximum effect. C) Upregulation of F3 gene expression and (D) dynamic changes in F3 methylation upon treatment. Results derived from
5 independent experiments. E-H) Higher fluorescent intensity upon staining for Tissue factor and IL8 in monocytes upon stimulation. Green fluorescent signal
indicates Tissue Factor and red IL8 protein. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this
article.)
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is a de novo DNA methyltransferase, critical for the establishment of
methylation patterns in the genome. Methyl cytosine binding protein 2
(MECP2), selectively binds to methylated CpG and is involved in reg-
ulating both the repression and the activation of methylation-sensitive
genes. TET1 is a methylcytosine dioxygenase, converting methyl-
Cytosine to hydroxymethyl-Cytosine. Its activity is independent of DNA
replication, while studies implicate it in autoimmune conditions
[49,50]. Expression of the above genes is upregulated in HUVECs upon
stimulation. In other words, besides the methyl mark itself, enzymes
that catalyze its addition or removal from Cytosine and proteins that
recognize it are also significantly altered upon stimulation, highlighting
a significant role of DNA methylation in the orchestration of this re-
sponse.

Finally, given that DNA methylation is in cross-talk with histone
modifications, we sought to identify histone modifying enzymes that
could be implicated in the response to anti-β2GPI-β2GPI-CXCL4 anti-
body complex stimulation, as additional epigenetic modifiers. We find
levels of HDAC9 and ARID5B to be increased upon stimulation. HDAC9
generally functions as a transcriptional repressor. It has been reported
to have a positive effect in TLR signaling and innate immunity, ren-
dering macrophages more sensitive to LPS, as well as in atherosclerosis
and metabolic disease [51,52]. On the other hand, ARID5B plays a role
in histone demethylation and can function as a transcriptional activator

by removal of the repressive histone H3 lysine 9 dimethyl mark. Re-
cently ARID5B was shown to be upregulated in monocytes from pa-
tients with cardiovascular disease and critical for the complete in-
flammatory response in LPS stimulated macrophages [53]. ARID5B
silencing led to down regulation of proinflammatory cytokines such as
tumor necrosis factor (TNF) and IL-1a and type I interferon signaling
pathway activator and effector cytokines.

In our model mimicking APS, transcriptional regulation of the above
genes indicates a critical epigenetic component in response to stimu-
lation which would orchestrate the gene expression program. For this
reason, we wanted to assess whether this deregulation leads to epige-
netic changes in the loci we evaluated in peripheral blood DNA isolated
from APS patients. Endothelial cells treated in conditions simulating
Antiphospholipid syndrome had decreased F3 first intron methylation
levels compared to controls, and relative methylation strongly corre-
lated with gene expression levels. This finding shows that upon treat-
ment the methyl mark is removed from this CpG, a process that prob-
ably facilitates the binding of transcription factors to the region
inducing the transcriptional activation of the F3 gene in HUVECs. The
observed difference in the pattern of methylation between whole blood
DNA and treated HUVECs could be possibly attributed to the fact that
these are distinct cell types with differential regulation of gene ex-
pression.

Fig. 4. Stimulation of HD HUVECs with anti-β2GPI, anti-β2GPI -β2GPI complex and a mixture of anti-β2GPI IgG-β2GPI-CXCL4 induces an activated and procoagulant
phenotype (A–E) as well as increased expression of MECP2 (F), DNMT3B (G), TET1 (I), HDAC9 (H) and ARID5B (J) genes compared to untreated cells. All differences
vs untreated were statistically significant, p < 0.05. K) No statistical difference was noted for the DNMT3A, ARID3A, SMYD4, EZH2, HDAC4, HDAC 7 and KDM5C
genes.
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5. Conclusions

Taken together, our data combined with previous studies support a
model for APS in which anti-β2GPI-β2GPI-CXCL4 antibody complexes
activate monocytes and endothelial cells leading to a proinflammatory
and procoagulant phenotype, as marked by IL8, F3, SELE and VEGFC
overexpression as well as downregulation of TMBD. This activated
status is characterized by increased expression of MECP2, DNMT3B,
TET1, HDAC9 and ARID5B which might influence the epigenetic al-
terations observed in the IL8 promoter and F3 first intron in APS pa-
tients.

From a clinical view, IL8 promoter methylation could serve as a
discriminating factor for clinical presentation, and differential IL8 and
F3 methylation levels could possibly signify an underlying active pro-
thrombotic and inflammatory process. Future studies could address the
potential utility of IL8 promoter and F3 first intron methylation as
biomarkers or therapeutic targets in the context of APS.

Funding

This work was supported by the State Scholarship Foundation of
Greece (grant number: 3285, 23/3/2016).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jaut.2019.05.001.

References

[1] S. Miyakis, M.D. Lockshin, T. Atsumi, D.W. Branch, R.L. Brey, R. Cervera, et al.,
International consensus statement on an update of the classification criteria for
definite antiphospholipid syndrome (APS), J. Thromb. Haemost. 4 (2006) 295–306.

[2] P.L. Meroni, C.B. Chighizola, F. Rovelli, M. Gerosa, Antiphospholipid syndrome in
2014: more clinical manifestations, novel pathogenic players and emerging bio-
markers, Arthritis Res. Ther. 16 (2014) 209.

[3] K. Ma, R. Simantov, J.C. Zhang, R. Silverstein, K.A. Hajjar, K.R. McCrae, High af-
finity binding of beta 2-glycoprotein I to human endothelial cells is mediated by
annexin II, J. Biol. Chem. 275 (2000) 15541–15548.

[4] N. Del Papa, L. Guidali, L. Spatola, P. Bonara, M.O. Borghi, A. Tincani, et al.,
Relationship between anti-phospholipid and anti-endothelial cell antibodies III:
beta 2 glycoprotein I mediates the antibody binding to endothelial membranes and
induces the expression of adhesion molecules, Clin. Exp. Rheumatol. 13 (1995)
179–185.

[5] R. Simantov, J.M. LaSala, S.K. Lo, A.E. Gharavi, L.R. Sammaritano, J.E. Salmon,
et al., Activation of cultured vascular endothelial cells by antiphospholipid anti-
bodies, J. Clin. Investig. 96 (1995) 2211–2219.

[6] G. Kaplanski, P. Cacoub, C. Farnarier, V. Marin, R. Gregoire, A. Gatel, et al.,
Increased soluble vascular cell adhesion molecule 1 concentrations in patients with
primary or systemic lupus erythematosus-related antiphospholipid syndrome: cor-
relations with the severity of thrombosis, Arthritis Rheum. 43 (2000) 55–64.

[7] H. Zhou, H. Wang, N. Li, Y. Yu, H. Huang, Y. Yan, et al., Annexin A2 mediates anti-
beta 2 GPI/beta 2 GPI-induced tissue factor expression on monocytes, Int. J. Mol.
Med. 24 (2009) 557–562.

[8] Z. Romay-Penabad, M.G. Montiel-Manzano, T. Shilagard, E. Papalardo, G. Vargas,
A.B. Deora, et al., Annexin A2 is involved in antiphospholipid antibody-mediated
pathogenic effects in vitro and in vivo, Blood 114 (2009) 3074–3083.

[9] S.S. Pierangeli, R.G. Espinola, X. Liu, E.N. Harris, Thrombogenic effects of anti-
phospholipid antibodies are mediated by intercellular cell adhesion molecule-1,
vascular cell adhesion molecule-1, and P-selectin, Circ. Res. 88 (2001) 245–250.

[10] P. Soltesz, H. Der, K. Veres, R. Laczik, S. Sipka, G. Szegedi, et al., Immunological
features of primary anti-phospholipid syndrome in connection with endothelial
dysfunction, Rheumatology 47 (2008) 1628–1634.

[11] R.R. Forastiero, M.E. Martinuzzo, G.F. de Larranaga, Circulating levels of tissue
factor and proinflammatory cytokines in patients with primary antiphospholipid

Fig. 5. Quantitation of IL8 (A) and F3 (B) methylation levels in HD HUVECS treated with anti-β2GPI IgG, β2GPI and CXCL4. C) Relative methylation of the IL8
promoter does not correlate with IL8 relative gene expression levels (Spearman r −0.01071, p=0.9698). D) Relative methylation of the F3 promoter has a strong
inverse correlation with the relative F3 gene expression in HUVECs (Spearman r −0.8000, p= 0.0002).

M.D. Patsouras, et al. Journal of Autoimmunity 102 (2019) 159–166

165

https://doi.org/10.1016/j.jaut.2019.05.001
https://doi.org/10.1016/j.jaut.2019.05.001
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref1
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref1
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref1
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref2
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref2
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref2
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref3
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref3
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref3
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref4
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref4
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref4
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref4
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref4
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref5
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref5
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref5
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref6
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref6
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref6
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref6
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref7
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref7
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref7
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref8
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref8
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref8
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref9
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref9
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref9
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref10
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref10
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref10
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref11
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref11


syndrome or leprosy related antiphospholipid antibodies, Lupus 14 (2005)
129–136.

[12] J.E. Alard, F. Gaillard, C. Daridon, Y. Shoenfeld, C. Jamin, P. Youinou, TLR2 is one
of the endothelial receptors for beta 2-glycoprotein I, J. Immunol. 185 (2010)
1550–1557.

[13] K.L. Allen, F.V. Fonseca, V. Betapudi, B. Willard, J. Zhang, K.R. McCrae, A novel
pathway for human endothelial cell activation by antiphospholipid/anti-beta 2
glycoprotein I antibodies, Blood 119 (2012) 884–893.

[14] E. Raschi, C. Testoni, D. Bosisio, M.O. Borghi, T. Koike, A. Mantovani, et al., Role of
the MyD88 transduction signaling pathway in endothelial activation by antipho-
spholipid antibodies, Blood 101 (2003) 3495–3500.

[15] M. Sorice, A. Longo, A. Capozzi, T. Garofalo, R. Misasi, C. Alessandri, et al., Anti-
beta 2-glycoprotein I antibodies induce monocyte release of tumor necrosis factor
alpha and tissue factor by signal transduction pathways involving lipid rafts,
Arthritis Rheum. 56 (2007) 2687–2697.

[16] N. Satta, E.K. Kruithof, C. Fickentscher, S. Dunoyer-Geindre, F. Boehlen, G. Reber,
et al., Toll-like receptor 2 mediates the activation of human monocytes and en-
dothelial cells by antiphospholipid antibodies, Blood 117 (2011) 5523–5531.

[17] K.J. Brandt, C. Fickentscher, F. Boehlen, E.K. Kruithof, P. de Moerloose, NF-kappaB
is activated from endosomal compartments in antiphospholipid antibodies-treated
human monocytes, J. Thromb. Haemost. 12 (2014) 779–791.

[18] C. Perez-Sanchez, P. Ruiz-Limon, M.A. Aguirre, M.L. Bertolaccini, M.A. Khamashta,
A. Rodriguez-Ariza, et al., Mitochondrial dysfunction in antiphospholipid syn-
drome: implications in the pathogenesis of the disease and effects of coenzyme Q
(10) treatment, Blood 119 (2012) 5859–5870.

[19] M.D. Patsouras, M.P. Sikara, E.P. Grika, H.M. Moutsopoulos, A.G. Tzioufas,
P.G. Vlachoyiannopoulos, Elevated expression of platelet-derived chemokines in
patients with antiphospholipid syndrome, J. Autoimmun. 65 (2015) 30–37.

[20] T. Shi, B. Giannakopoulos, X. Yan, P. Yu, M.C. Berndt, R.K. Andrews, et al., Anti-
beta 2-glycoprotein I antibodies in complex with beta2-glycoprotein I can activate
platelets in a dysregulated manner via glycoprotein Ib-IX-V, Arthritis Rheum. 54
(2006) 2558–2567.

[21] J.E. Hunt, R.J. Simpson, S.A. Krilis, Identification of a region of beta 2-glycoprotein
I critical for lipid binding and anti-cardiolipin antibody cofactor activity, Proc. Natl.
Acad. Sci. U. S. A. 90 (1993) 2141–2145.

[22] B.C. Lutters, R.H. Derksen, W.L. Tekelenburg, P.J. Lenting, J. Arnout, P.G. de Groot,
Dimers of beta 2-glycoprotein I increase platelet deposition to collagen via inter-
action with phospholipids and the apolipoprotein E receptor 2, J. Biol. Chem. 278
(2003) 33831–33838.

[23] M.P. Sikara, J.G. Routsias, M. Samiotaki, G. Panayotou, H.M. Moutsopoulos,
P.G. Vlachoyiannopoulos, {beta}2 Glycoprotein I ({beta}2GPI) binds platelet factor
4 (PF4): implications for the pathogenesis of antiphospholipid syndrome, Blood 115
(2010) 713–723.

[24] C.D. Allis, T. Jenuwein, The molecular hallmarks of epigenetic control, Nat. Rev.
Genet. 17 (2016) 487–500.

[25] A. Bird, Perceptions of epigenetics, Nature 447 (2007) 396–398.
[26] S. Ramchandani, S.K. Bhattacharya, N. Cervoni, M. Szyf, DNA methylation is a

reversible biological signal, Proceedings of the National Academy of Sciences of the
United States of America 96 (1999) 6107–6112.

[27] H. Ciferska, P. Horak, Z. Hermanova, M. Ordeltova, J. Zadrazil, T. Tichy, et al., The
levels of sCD30 and of sCD40L in a group of patients with systemic lupus er-
ythematodes and their diagnostic value, Clin. Rheumatol. 26 (2007) 852.

[28] Q. Lu, M. Kaplan, D. Ray, D. Ray, S. Zacharek, D. Gutsch, et al., Demethylation of
ITGAL (CD11a) regulatory sequences in systemic lupus erythematosus, Arthritis
Rheum. 46 (2002) 1282–1291.

[29] Y. Zhou, J. Yuan, Y. Pan, Y. Fei, X. Qiu, N. Hu, et al., T cell CD40LG gene expression
and the production of IgG by autologous B cells in systemic lupus erythematosus,
Clin. Immunol. 132 (2009) 362–370.

[30] Y. Liu, M.J. Aryee, L. Padyukov, M.D. Fallin, E. Hesselberg, A. Runarsson, et al.,
Epigenome-wide association data implicate DNA methylation as an intermediary of
genetic risk in rheumatoid arthritis, Nat. Biotechnol. 31 (2013) 142–147.

[31] K. Nakano, J.W. Whitaker, D.L. Boyle, W. Wang, G.S. Firestein, DNA methylome
signature in rheumatoid arthritis, Ann. Rheum. Dis. 72 (2013) 110–117.

[32] E. Weeding, P. Coit, S. Yalavarthi, M.J. Kaplan, J.S. Knight, A.H. Sawalha, Genome-
wide DNA methylation analysis in primary antiphospholipid syndrome neutrophils,
Clin. Immunol. 196 (November 2018) 110–116.

[33] S. Cucnik, I. Krizaj, B. Rozman, T. Kveder, B. Bozic, Concomitant isolation of protein
C inhibitor and unnicked beta 2-glycoprotein I, Clin. Chem. Lab. Med. 42 (2004)
171–174.

[34] P. Penela, V. Rivas, A. Salcedo, F. Mayor Jr., protein-coupled receptor kinase 2
(GRK2) modulation and cell cycle progression, Proceedings of the National
Academy of Sciences of the United States of America 107 (2010) 1118–1123.

[35] D.C. Andia, N.F. de Oliveira, R.C. Casarin, M.Z. Casati, S.R. Line, A.P. de Souza,
DNA methylation status of the IL8 gene promoter in aggressive periodontitis, J.
Periodontol. 81 (2010) 1336–1341.

[36] M. Galli, D. Luciani, G. Bertolini, T. Barbui, Lupus anticoagulants are stronger risk
factors for thrombosis than anticardiolipin antibodies in the antiphospholipid
syndrome: a systematic review of the literature, Blood 101 (2003) 1827–1832.

[37] J. Gebhart, F. Posch, S. Koder, T. Perkmann, P. Quehenberger, C. Zoghlami, et al.,
Increased mortality in patients with the lupus anticoagulant: the Vienna lupus an-
ticoagulant and thrombosis study (LATS), Blood 125 (2015) 3477–3483.

[38] C. Drenkard, J. Sanchez-Guerrero, D. Alarcon-Segovia, Fall in antiphospholipid
antibody at time of thromboocclusive episodes in systemic lupus erythematosus, J.
Rheumatol. 16 (1989) 614–617.

[39] P.M. Dobado-Berrios, C. Lopez-Pedrera, F. Velasco, M.A. Aguirre, A. Torres,
M.J. Cuadrado, Increased levels of tissue factor mRNA in mononuclear blood cells
of patients with primary antiphospholipid syndrome, Thromb. Haemostasis 82
(1999) 1578–1582.

[40] J.C. Reverter, D. Tassies, J. Font, J. Monteagudo, G. Escolar, M. Ingelmo, et al.,
Hypercoagulable state in patients with antiphospholipid syndrome is related to high
induced tissue factor expression on monocytes and to low free protein s,
Arterioscler. Thromb. Vasc. Biol. 16 (1996) 1319–1326.

[41] D. Anastasiadi, A. Esteve-Codina, F. Piferrer, Consistent inverse correlation between
DNA methylation of the first intron and gene expression across tissues and species,
Epigenet. Chromatin 11 (2018) 37.

[42] M. Unoki, Y. Nakamura, Methylation at CpG islands in intron 1 of EGR2 confers
enhancer-like activity, FEBS Lett. 554 (2003) 67–72.

[43] J. Wan, V.F. Oliver, G. Wang, H. Zhu, D.J. Zack, S.L. Merbs, et al., Characterization
of tissue-specific differential DNA methylation suggests distinct modes of positive
and negative gene expression regulation, BMC Genomics 16 (2015) 49.

[44] S. Ito, L. Shen, Q. Dai, S.C. Wu, L.B. Collins, J.A. Swenberg, et al., Tet proteins can
convert 5-methylcytosine to 5-formylcytosine and 5-carboxylcytosine, Science 333
(2011) 1300–1303.

[45] J.U. Guo, Y. Su, C. Zhong, G.L. Ming, H. Song, Emerging roles of TET proteins and 5-
hydroxymethylcytosines in active DNA demethylation and beyond, Cell Cycle 10
(2011) 2662–2668.

[46] J. Li, X. Wu, Y. Zhou, M. Lee, L. Guo, W. Han, et al., Decoding the dynamic DNA
methylation and hydroxymethylation landscapes in endodermal lineage inter-
mediates during pancreatic differentiation of hESC, Nucleic Acids Res. 46 (2018)
2883–2900.

[47] A. Kumar, S. Kumar, A. Vikram, T.A. Hoffman, A. Naqvi, C.M. Lewarchik, et al.,
Histone and DNA methylation-mediated epigenetic downregulation of endothelial
Kruppel-like factor 2 by low-density lipoprotein cholesterol, Arterioscler. Thromb.
Vasc. Biol. 33 (2013) 1936–1942.

[48] Y.-R. Kim, C.-S. Kim, A. Naqvi, A. Kumar, S. Kumar, T.A. Hoffman, et al., Epigenetic
Upregulation of P66shc Mediates Low-Density Lipoprotein Cholesterol-Induced
Endothelial Cell Dysfunction, (2012).

[49] P.M. Horvath, L.M. Monteggia, MeCP2 as an activator of gene expression, Trends
Neurosci. 41 (2018) 72–74.

[50] K.A. Koelsch, R. Webb, M. Jeffries, M.G. Dozmorov, M.B. Frank, J.M. Guthridge,
et al., Functional characterization of the MECP2/IRAK1 lupus risk haplotype in
human T cells and a human MECP2 transgenic mouse, J. Autoimmun. 41 (2013)
168–174.

[51] T.K. Chatterjee, J.E. Basford, K.H. Yiew, D.W. Stepp, D.Y. Hui, N.L. Weintraub, Role
of histone deacetylase 9 in regulating adipogenic differentiation and high fat diet-
induced metabolic disease, Adipocyte 3 (2014) 333–338.

[52] J.D. Smith, New role for histone deacetylase 9 in atherosclerosis and inflammation,
Arterioscler. Thromb. Vasc. Biol. 34 (2014) 1798–1799.

[53] Y. Liu, L.M. Reynolds, J. Ding, L. Hou, K. Lohman, T. Young, et al., Blood monocyte
transcriptome and epigenome analyses reveal loci associated with human athero-
sclerosis, Nat. Commun. 8 (2017) 393.

M.D. Patsouras, et al. Journal of Autoimmunity 102 (2019) 159–166

166

http://refhub.elsevier.com/S0896-8411(19)30124-6/sref11
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref11
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref12
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref12
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref12
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref13
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref13
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref13
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref14
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref14
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref14
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref15
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref15
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref15
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref15
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref16
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref16
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref16
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref17
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref17
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref17
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref18
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref18
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref18
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref18
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref19
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref19
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref19
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref20
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref20
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref20
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref20
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref21
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref21
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref21
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref22
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref22
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref22
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref22
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref23
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref23
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref23
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref23
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref24
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref24
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref25
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref26
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref26
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref26
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref27
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref27
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref27
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref28
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref28
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref28
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref29
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref29
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref29
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref30
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref30
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref30
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref31
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref31
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref32
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref32
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref32
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref33
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref33
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref33
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref34
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref34
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref34
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref35
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref35
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref35
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref36
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref36
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref36
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref37
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref37
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref37
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref38
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref38
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref38
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref39
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref39
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref39
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref39
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref40
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref40
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref40
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref40
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref41
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref41
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref41
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref42
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref42
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref43
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref43
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref43
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref44
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref44
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref44
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref45
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref45
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref45
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref46
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref46
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref46
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref46
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref47
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref47
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref47
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref47
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref48
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref48
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref48
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref49
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref49
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref50
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref50
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref50
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref50
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref51
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref51
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref51
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref52
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref52
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref53
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref53
http://refhub.elsevier.com/S0896-8411(19)30124-6/sref53

	Differential CpG methylation of the promoter of interleukin 8 and the first intron of tissue factor in Antiphospholipid syndrome
	Introduction
	Materials and methods
	Patients and specimens
	Anti-β2GPI IgG isolation
	Monocyte activation
	HUVEC stimulation
	RNA isolation and Real Time PCR
	DNA isolation, bisulphite treatment and methylation specific PCR (MSPCR)
	Immunocytochemical analysis for IL8 and F3 protein
	Statistical analysis

	Results
	Decreased relative methylation levels of the IL8 promoter in APS patients
	Increased relative methylation levels of CpGs in the F3 gene body
	Stimulation of HD monocytes with anti-β2GPI IgG - β2GPI - CXCL4 leads to transcriptional activation and dynamic changes in methylation of the IL8 and F3 genes
	Stimulation of HD HUVECs with anti-β2GPI IgG - β2GPI - CXCL4 induces an activated phenotype and transcriptionally regulates multiple epigenetic factors
	Stimulation of HUVECs with anti-β2GPI IgG - β2GPI - CXCL4 induces changes in methylation of the F3 gene

	Discussion
	Conclusions
	Funding
	Supplementary data
	References




