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Abstract

Antiphospholipid syndrome (APS) is a systemic autoimmune disease characterized by
thromboembolic events and pregnancy loss. We sought to characterize the DNA methylation
profile of primary APS in comparison to healthy controls and individuals with SLE. In primary
APS neutrophils compared to controls, 17 hypomethylated and 25 hypermethylated CpG sites
were identified. Notable hypomethylated genes included £751, a genetic risk locus for SLE, and
PTPNZ, a genetic risk locus for other autoimmune diseases. Gene ontology analysis of
hypomethylated genes revealed enrichment of genes involved in pregnancy. None of the
differentially methylated sites in primary APS were differentially methylated in SLE neutrophils,
and there was no demethylation of interferon signature genes in primary APS as is seen in SLE.
Hypomethylation within a single probe in the /F/44L promoter (cg06872964) was able to
distinguish SLE from primary APS with a sensitivity of 93.3% and specificity of 80.0% at a
methylation fraction of 0.329.
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Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized by the
occurrence of thromboembolic events and/or pregnancy loss in the setting of
antiphospholipid autoantibodies [1]. In roughly half of individuals with APS, the disease
occurs as an isolated syndrome, in which case it is classified as primary APS [2]. In the
majority of remaining cases, however, APS occurs as a secondary manifestation of systemic
lupus erythematosus (SLE) or other connective tissue disease. As such, the diagnosis of APS
often prompts clinical evaluation for possible underlying SLE, which can be challenging to
diagnose especially in its early stages. Among those who initially present with primary APS,
13-23% may later develop SLE or lupus-like disease within the next decade of their life
based on retrospective studies [3,4].

The pathophysiology of APS remains incompletely understood, especially with regard to its
mechanisms of autoimmunity. Indeed, APS is generally treated with anticoagulation rather
than immunosuppression given the lack of clear immunologic target pathways and lack of
clinical benefit when immunosuppressive strategies have been trialed empirically [5]. The
close association between APS and SLE raises the obvious question of whether these
disorders might share common underlying pathogenic mechanisms. Differential DNA
methylation is a known epigenetic feature of SLE that not only differentiates SLE from
healthy individuals, but also correlates with various organ-specific manifestations, and may
play a dynamic role in disease activity via mediation of T helper cell response, among other
pathophysiologic mechanisms [6]. We have previously demonstrated epigenetic aberrancies
in SLE neutrophils, with robust demethylation in interferon-regulated genes [7]. More
recently, we demonstrated a pro-inflammatory transcriptional signature in APS neutrophils,
suggesting a role for neutrophils in the pathogenesis of APS [8]. The DNA methylation
profile of APS remains to be characterized, however.

In this study, we examined the genome-wide DNA methylation signatures in neutrophils
from individuals with primary APS as compared to healthy controls and compared to lupus
neutrophils from the cohort which our group previously reported on [7], with the intent to
inform our understanding of the pathophysiology and differentiation of these two closely
interrelated diseases. We also specifically examined the methylation status of the /F/44L
promoter in primary APS versus SLE. In whole blood, the methylation level of this promoter
has been shown to distinguish individuals with SLE from healthy controls with >90%
sensitivity and specificity in a Chinese population, with more modest results (sensitivity and
specificity ranging roughly 70-90% — superior to currently available biomarkers) in those of
European descent and in distinguishing SLE from rheumatoid arthritis and primary
Sjogren’s syndrome [9].

Methods

2.1 Primary APS participants and controls

Initially, 12 participants with primary APS were recruited from the University of Michigan
rheumatology clinics. All met the Sydney APS Classification Criteria [10]. From this group,
10 were successfully run on the DNA methylation array, and as such the final primary APS
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cohort was comprised of these 10 individuals. Their demographic and clinical characteristics
are summarized in Table 1. Healthy controls were recruited by advertisement at the
University of Michigan. A total of 12 controls (not shown) were matched to the original 12
primary APS participants by age (+ 5 years), sex, and ethnicity.

The average age of the primary APS and control group was 44 + 13 and 43 * 13 years old,
respectively. There was no statistically significant demographic difference between the two
groups. All participants in both groups were of European-American ethnicity.

2.2 SLE participants and controls

DNA methylation data from neutrophils isolated from SLE patients and matched healthy
controls were extracted from our previous study [7]. In total, 15 participants with SLE and
15 matched controls were initially included. Within the control group, two samples were
found to have methylation patterns incongruous with their reported sex and were
subsequently excluded from later analysis in this study. As such, the control cohort was
ultimately comprised of 13 healthy individuals (not shown).

The average age of the SLE and control groups was 37 £ 10 and 40 £ 9 years old,
respectively. There was no statistically significant difference between the two groups with
regard to age or ethnicity. All participants were female in both groups.

2.3 Neutrophil isolation, DNA extraction, and bisulfite conversion

Peripheral blood samples were collected from each participant, and Ficoll density gradient
centrifugation was used to isolate peripheral blood mononuclear cells (PBMCs). Neutrophils
were further isolated from the granulocyte layer per previously described protocols [11].
DNA was extracted from the neutrophils using the DNeasy Blood and Tissue Kit (Qiagen,
Valencia, CA) then bisulfite converted for DNA methylation studies using the EZ DNA
Methylation Kit (Zymo Research, Irvine, CA) using the provided protocol and thermocycler
settings recommended by Zymo for Illumina DNA methylation array samples included in
the product literature.

2.4 DNA methylation profiling

Genome-wide DNA methylation analysis was performed on extracted neutrophil DNA using
the Infinium HumanMethylation450 BeadChip Kit as previously outlined [12]. This array
allows for the interrogation of over 485,000 methylation sites (primarily CpG dinucleotides)
across the entire genome. It covers 99% of RefSeq genes and 96% of CpG islands. Multiple
other methylation sites are also covered, including microRNA promoter regions and several
thousand non-CpG sites identified in human stem cells. All array handling, sample
hybridization, and array scanning was performed at the University of Michigan DNA
Sequencing Core.

2.5 Methylation data processing

The R software package minfi[13] was used to perform probe normalization and extract M
and beta (B) values for each methylation site, the latter of which represents the fraction of
methylated cytosines at a given site. Probes located on sex chromosomes, cross-reactive
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probes [14], probes targeting CpG sites within 10 base pairs of a SNP with a minor allele
frequency >5% (as reported by Illumina’s probe annotation documentation), and probes that
failed (detection p-value >0.05 compared to baseline) in greater than 20% of samples were
all excluded.

2.6 Statistical and bioinformatics analysis

Delta beta (Ap) was defined as the difference in average p value in either the primary APS or
SLE participants versus their respective controls at each CpG site. Probes were filtered for
effect size, and we retained only those for which the Ap was greater than 10%. Multiple
linear regression was used to evaluate for statistically significant differences in methylation
patterns (per Benjamini-Hochberg procedure with a false discovery rate of 0.05) in either
primary APS or SLE versus corresponding controls while controlling for age, sex, ethnicity,
and chip placement. Regression analyses were performed using M values.

For the primary APS cohort, differentially methylated loci were mapped to genes or gene
regions and subjected to gene ontology and pathway analysis using the Database for
Annotation, Visualization, and Integrated Discovery (DAVID) [15,16]. An Expression
Analysis Systematic Explorer (EASE) Score threshold of <0.1 was used to assign statistical
significance, with results additionally filtered for fold enrichment >1.5 and false discovery
rate <10% as multiple testing correction.

In comparing the methylation status of the /F/44L promoter between cohorts, probe
cg06872964 was specifically examined as this was one of the exact same methylation probes
evaluated by Zhao et al. in the aforementioned study of /F/44L methylation status in SLE
[9]. As DNA methylation status at this probe is not normally distributed, the Mann-Whitney
U'test was used to assess for a statistically significant difference between the two disease
cohorts. Receiver operating characteristic (ROC) curves and associated statistics were
generated using the R package pROC[17]. The Youden index was used to determine the
optimal threshold point.

3. Results

3.1 DNA methylation signatures

In the primary APS group, a total of 42 differentially methylated sites were identified with
17 (40%) being hypomethylated and 25 (60%) being hypermethylated in primary APS
neutrophils as compared to neutrophils from the matched control cohort (Table 2). Within
the SLE group, a total of 179 differentially methylated sites were identified (Supplementary
Table 1), similar to our previous analysis of this same cohort showing robust
hypomethylation of interferon-regulated genes [7]. Notably, no differentially methylated
sites were shared between the primary APS and SLE signatures.

The single most hypomethylated gene in primary APS neutrophils was P7PNZ2, which
encodes a widely expressed protein tyrosine phosphatase (protein tyrosine phosphatase non-
receptor type 2) that acts as a negative regular of T cell activation [18]. Another notably
hypomethylated gene was DPFA3, also known as PGC7or STELLA. In mice, the expressed
protein from this gene acts is a maternal factor that plays a critical role in normal early
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embryogenesis by protecting the DNA methylation state of several imprinted loci on the
maternal genome [19]. In the APS neutrophils, several differentially methylated genes were
located in major histocompatibility complex (MHC) regions, including hypomethylated
HCGY, a non-coding gene within the MHC class | region on chromosome 6, and
hypermethylated C6orf47, an MHC class 111 gene [20].

Hierarchical clustering of primary APS and healthy control samples shows that these 42
CpG sites can cluster patient and control methylation profiles accurately and reflects their
disease status (Figure 1).

3.2 Gene ontology and pathway analysis in primary APS neutrophils

Gene ontology analysis of hypomethylated genes in the primary APS cohort using category
GOTERM_BP_FAT revealed significant association with female pregnancy (p = 0.005),
with fold enrichment of 24.3 and a false discovery rate of 8%. Hypomethylated genes
associated with this term include £751 (E26 transformation-specific proto-oncogene 1,
transcription factor), EMPZ (epithelial membrane protein 2), and OXT (oxytocin/
neurophysin | prepropeptide). No other terms were both statistically significant and with a
false discovery rate <10%. No gene ontology terms were associated with hypermethylated
genes in the primary APS group.

Pathway analysis using the KEGG database (via DAVID) was also performed, but did not
reveal any canonical pathways associated with the DNA methylation profile of neutrophils
in primary APS.

3.3 IFI44L promoter methylation status in primary APS versus SLE

DNA methylation status at probe cg06872964 within the /F/44L promoter was examined
and found to be markedly reduced in SLE neutrophils compared to neutrophils from those
with primary APS or healthy controls (Figure 2). Specifically, the average + SD of the
methylation fraction { for the SLE cohort was 0.171 + 0.126 compared to 0.346 + 0.109 in
the primary APS cohort (p = 0.002). Methylation in the primary APS cohort was comparable
to the combined control group, with average p 0.418 + 0.077 (p = 0.05). ROC curve analysis
comparing the primary APS cohort to the SLE cohort is shown in Figure 3. Area under the
curve was high at 0.860 (95% CI 0.694-1.000). The sensitivity and specificity for
distinguishing SLE from primary APS at an optimal methylation cutoff level of 0.329 were
93.3% and 80.0% respectively.

4. Discussion

We performed a genome-wide DNA methylation analysis of neutrophils from individuals
with primary APS versus healthy controls, and compared the differential methylation profile
of primary APS to that of SLE. To the authors’ knowledge, this is the first genome-wide
DNA methylation study of primary APS in neutrophils to be described in the literature.
Arguably the most significant result of this work is that the DNA methylation profile of
primary APS is entirely distinct from that of SLE, at least in neutrophils. Robust
demethylation of interferon signature genes, an established feature of SLE which has been
found in all immune cells studied to date [7,12,21], was not observed in the primary APS
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methylation signature. Furthermore, no other differentially methylated genes or gene regions
were shared between the two disease methylation profiles.

Along similar lines, methylation status of the /F/44L promoter (at probe cg06872964) was
able to distinguish individuals with SLE from those with primary APS with a high
sensitivity and moderately high specificity. As compared to the results of Zhao et al. in
whole blood, hypomethylation of this probe in neutrophils was able to discriminate SLE
from primary APS with greater sensitivity and specificity than hypomethylation of this same
probe for SLE versus primary Sjogren’s syndrome and SLE versus controls in a European
cohort, and with comparable performance in distinguishing SLE from RA. Though we make
this comparison with caution, given that this study was performed in neutrophils rather than
whole blood, it does provide proof of principle that DNA methylation status might prove
useful as a clinical tool in detecting underlying SLE or similar connective disease in
individuals who present with APS. Notably, one individual in the primary APS cohort (APS
#3 per Table 1) had a DNA methylation profile that was overall more similar to SLE,
including significant hypomethylation of /F/44L as illustrated graphically by the lone outlier
in the primary APS group in Figure 2. Interestingly, this participant was the only one in the
primary APS cohort to have autoimmune hemolytic anemia, which refers to a group of
hematologic disorders that can be associated with SLE, especially in conjunction with anti-
cardiolipin 1gG and thrombocytopenia (both of which this participant also had) [22]. The
significance of this finding is not clear. Perhaps such individuals with SLE-like methylation
patterns might be at a higher risk for progression to SLE or other connective tissue disease in
the future, or these SLE-like methylation changes have some distinct relation to autoimmune
hemolytic anemia itself, either as a primary means of pathogenesis or as some secondary
epiphenomenon.

Compared to controls, the differential methylation profile of primary APS is relatively
modest, in contrast to the marked global changes seen in the SLE methylome. Two of the
most significantly hypomethylated genes were PTPN2and DPPAS3. In rheumatoid arthritis
(RA), PTPNZis overexpressed in synovial fibroblasts and contributes to disease
pathogenesis via regulation of IL-6 production, cell death, and autophagy [23]. Genetic
variants of PTPNZhave been associated with an increased risk for rheumatoid arthritis, as
well as other autoimmune diseases including inflammatory bowel disease and type 1
diabetes mellitus [24-27]. DPPA3, as mentioned in Section 3.1, plays a role in early
embryogenesis in mice by protecting the DNA methylation state of the maternal genome
[19]. Its function in humans has not been characterized. It has been shown, however, to
perform a similar epigenetic regulatory role in bovine embryos, suggesting that this behavior
may be preserved across multiple mammalian species [28].

An association between differential methylation in APS and genetic regions regulating
pregnancy is a notable finding, given that pregnancy loss is a defining feature of APS.
Beyond the hypomethylation of DPPA3, gene ontology analysis revealed enrichment of
hypomethylated genes known to be associated with human pregnancy, namely £751, EMPZ,
and OXT. Genome-wide association studies have identified £751 as a susceptibility locus
for SLE and other autoimmune diseases [29,30]. The associated protein, Ets1, is a
transcription factor which regulates numerous cellular processes including stem cell
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development and cell senescence [31]. It is highly expressed in lymphocytes, though it is
present at reduced levels in PBMCs and regulatory T cells from individuals with SLE
[32,33]. Indeed, this altered expression is postulated to contribute to the pathophysiology of
SLE, in part because Etsl plays an important genetic regulatory role in preventing plasma
cell differentiation and maintaining B cell self-tolerance [34]. £751 knock-out mice develop
an autoimmune syndrome similar to SLE, complete with serum autoantibodies against
double-stranded DNA and histones (as seen in SLE in humans) as well as anti-cardiolipin
(an antiphospholipid antibody) [35]. With regard to its role in pregnancy, Etsl is expressed
in the human placenta in the first and third trimesters [36], and was later discovered to
induce differentiation of the trophoblast into its multiple cell layers. Specifically,
overexpression of Etsl in primary trophoblast cells promotes a multinucleated
syncytiotrophoblast cell phenotype.

The protein encoded by EMPZalso plays a critical role in human pregnancy, specifically as
a protective factor that mediates placental vascularization and maintenance. EMP2 is a
transmembrane protein that is expressed on the epithelial cell surface of the uterus as well as
on the trophoblast of implanting embryos. Knockdown of EMP2 in mice impairs successful
implantation [37]. /n vitro investigation of human trophoblast cell lines has shown that
EMP2 similarly regulates angiogenesis and trophoblast invasion, and that its deficiency is
associated with intrauterine growth restriction [38]. In this same study, upregulation of
EMP2 correlated with increased trophoblast cell migration.

Finally, OXTencodes a precursor protein to oxytocin and its carrier protein, neurophysin I.
Oxytocin is well-known for its many important function in sexual reproduction both during
and after childbirth, including contraction of the uterus during labor and mediating the milk
letdown reflex during lactation [20].

With regard to the role of neutrophils in pregnancy, there is increasing evidence that
neutrophil extracellular traps (NETs) may be of critical importance in mediating fetal loss
[39]. Early studies using murine models demonstrated that antiphospholipid antibodies can
promote pregnancy loss via activation of the complement cascade, which in turn leads to
polymorphonuclear neutrophil activation via tissue factor [40-42]. It was proposed that the
resulting production of reactive oxygen species would then cause irreparable damage to the
trophoblast [43,44]. More recently, Erpenbeck and colleagues examined antiangiogenic
factor-mediated pregnancy loss in mice that are deficient in peptidylarginine deiminase 4
(PAD4) and thereby not able to form NETSs [45]. Overexpression of soluble fms-like tyrosine
kinase 1, an antiangiogenic protein, lead to excessive accumulation of neutrophils and NETSs
in the placentas of wild type mice and promoted pregnancy loss. In the PAD4 deficient mice,
however, overexpression of this same protein resulted in a significantly dampened
inflammatory and thrombotic response with a correspondingly lower rate of pregnancy loss.
Similarly, Mizugishi and Yamashita demonstrated that NETs also appear to play a role in
sphingosine kinase-mediated pregnancy loss [46]. In their murine model, inhibition of the
activated sphingolipid metabolic pathway by way of sphingosine kinase gene disruption
resulted in increased NET formation specifically at the fetomaternal interface and associated
early fetal death. Furthermore, use of a PAD4 inhibitor to block NET formation partially
restored normal embryonic development and protected against pregnancy loss.
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Epigenetic regulation of NETosis remains incompletely understood, as do the direct
mechanisms by which NETs might cause abnormal placentation and fetal loss. Nevertheless,
it is apparent that ongoing investigation into the neutrophil-mediated inflammatory
responses in APS may yield important insights into the pathophysiology of this disease.
Based on our study, hypomethylation of £751 and EMPZ2in primary APS neutrophils may
indicate dysregulation of trophoblast differentiation and migration which could certainly
contribute to increased fetal morbidity. DPPA3, also hypomethylated in primary APS as
previously discussed, plays an important role in embryogenesis in murine and bovine
studies, though its role in humans is less clear. Functional studies of how DNA methylation
affects these genes and their associated cellular functions may elucidate the mechanisms by
which APS causes pregnancy morbidity and potentially guide future treatment strategies. In
particular, E751 is also a susceptibility locus for SLE, though we again note that it is not
differentially methylated in SLE neutrophils. While it is known that Ets1 plays an important
role in SLE pathogenesis, this DNA methylation study appears to be the first to suggest
some possible unifying connection between Ets1, SLE, APS, and pregnancy morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Heatmap of the 42 differentially methylated CpG sites in the primary APS group (red)

compared to healthy controls (blue). A Z-score for each sample was calculated as the
difference of the row mean beta value and sample beta value divided by the sample standard
deviation. Negative Z-scores (red) are lower than the row mean and represent
hypomethylation, and positive Z-scores (green) are higher than the row mean and represent
hypermethylation. A dendrogram was drawn by calculating Euclidean distances between
sample rows and columns and hierarchical clustering using complete linkage. Rows are
sorted from the most hypomethylated CpG sites in the primary APS group (top) to most
hypermethylated sites (bottom).
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Figure 2.
Methylation status of probe cg06872964 within the /F/44L promoter in the primary APS,

SLE, and combined control cohorts. Beta () represents the fraction of methylated cytosines
at this particular probe.
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Figure 3.

ROC curves of DNA methylation level at probe cg06872964 within the /F/44L promoter in
the primary APS cohort as compared to the SLE cohort. Optimal threshold per Youden index
is shown as a point along the curve, with specificity and sensitivity in parentheses
respectively. Area under the curve is also shown with 95% confidence interval.
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Demographic and clinical characteristics of the primary APS cohort. All participants were of European-
American ethnicity.

Table 1.

Number Age Sex Disease duration (yrs) Antibody profile Clinical characteristics
1 33 F 5 aCL Pregnancy morbidity
2 67 M 16 aCL, LA Venous and arterial thrombosis
3 40 F 7 aCL, LA Arterial thrombosis, livedo reticularis, thrombocytopenia
4 61 M 1 aCL Venous thrombosis
5 37 M 12 aB2G, aCL, LA Atrterial thrombosis, livedo reticularis
6 36 M 15 aB2G, aCL, LA Venous and arterial thrombosis
7 28 F 7 aCL, LA Pregnancy morbidity, venous thrombosis
8 52 M 5 aB2G, aCL, LA Venous thrombosis
9 40 F 1 aB2G, aCL Pregnancy morbidity, livedo reticularis, thrombocytopenia
10 42 F 16 aB2G, aCL, LA Venous thrombosis

aB2G, anti-beta2 glycoprotein | antibody; aCL, anti-cardiolipin antibody; LA, lupus anticoagulant.
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Table 2.

Page 17

Differentially methylated CpG sites in primary APS neutrophils compared to healthy controls. Results are

arranged in order of absolute change in methylation fraction (AB), where negative values represent

hypomethylation, and positive values represent hypermethylation.

CGID Chr Position Gene Mean p JAVS] Adjusted p
(HG19) APS  Controls
cgl13341454 18 12884064  PTPNZ 0059 0435 -0376  4.3E-04
0g24586205 1 222162028 - 0550 0234 0315  4.6E-02
cg23174406 12 97304436  NEDDI 0248 0561 -0312  3.6E-02
0920927656 12 7863229  DPPA3 0387 0665 -0278  A4.5E-02
0g08820231 12 58013687  SLC26A10 0581 0324 0257  3.6E-02
Q07792871 6 29942706  HCGY 0299 0526 -0.226  3.6E-02
cgl54159045 6 31627678  C6orfd7 0839 0613 0226  3.6E-02
0927333052 16 1509206  CLCN7 0490 0307  0.83  3.4E-02
g25528199 19 7505344  ARHGEFIS 0696 0867 -0.171  3.6E-02
0901962183 16 1507866  CLCN7 0659 0491  0.168  3.6E-02
0g22325292 17 80708367  FN3K 0800 0647 054  3.8E-02
007644321 4 2847213  ADDI 0272 0124 0148  3.6E-02
cg22813794 7 75677469 o1 MPHE 0236 0006 0140 3.4E-02
cg23773046 20 62327968  TNFRSF6B 0213 0352 -0.139  3.6E-02
000893875 10 91507503 - 0389 0251 038  3.6E-02
005731801 16 10647200  EMP2 0154 0292 -0.138  3.6E-02
cgl4964336 4 1523275 - 0104 0238 -0.135  3.6E-02
0g23758309 12 97273300 - 0608 0476 0132  3.6E-02
0g04811706 16 55686715 - 0507 0728 -0.130  3.6E-02
004385631 12 46385625  SFRSZIP 0161 0032 0129  2.0E-07
cgl0106532 13 50134640  RCBTBI 0586 0458 0128  3.4E-02
0g05200811 21 47581042 - 0702 0575 0127  2.7E-02
g22129323 12 6572482  VAMPI 0201 0326 -0.125  3.6E-02
cgl8505691 6 20723320 - 0591 0469 0122  3.4E-02
001775802 14 72945461  RGS6 0573 0454 0119  8.9E-07
cgl7910899 13 100218552 - 0648 0531 0417  4.1E-02
cgl1345693 17 79170810  AZII 0665 0552 0113  3.6E-02
003084983 2 180294010 - 0641 0520 0112  2.4E-02
cg03100639 16 31483137  LOFBUT - o4ss 0560 0111  38E-02
cg01303705 15 25457603  nCTlLPL 0sp7 0638 0111  36E-02
cgl0692528 12 6605071  NCAPD2 0458 0568 -0110  3.6E-02
0g06484123 19 53107200 - 0425 0315 0110  4.6E-02
cgl5555017 11 128455058 ETSI 0528 0637 -0.109  2.7E-02
007747220 20 3052115  OXT 0567 0675 -0.108  3.3E-02

Clin Immunol. Author manuscript; available in PMC 2019 November 22.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Weeding et al.
CGID  chr Fosition Gene Mean B OB Adjusted p
(HG19) APS  Controls
cg12578536 5 43003251 - 0.554 0.449 0.105 1.1E-07
cg14789911 21 47582049  C21orf56 0.777 0.674 0.103 2.1E-02
€g24354818 20 62328094 TNFRSF6B 0.186 0.289 -0.103 3.6E-02
cg16591159 16 31487813 TGFB1/1 0.435 0.333 0.102 3.6E-02
cg01675596 8 145911897 - 0.448 0.346 0.102 3.6E-02
cg07187855 6 30854161 DDR1 0.652 0.551 0.102 3.8E-02
cg13752184 13 100219013 - 0.680 0.578 0.102 3.8E-02
cg 16702083 20 62328427  TNFRSF6B 0.298 0.399 -0.101  4.4E-02

APS, antiphospholipid syndrome.
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