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ABSTRACT
We aimed to identify the plasma miRNA profile of antiphospho-

lipid syndrome (APS) patients and to investigate the potential

role of specific circulating miRNAs as non-invasive disease bio-
markers. Ninety APS patients and 42 healthy donors were recruited.
Profiling of miRNAs by PCR-array in plasma of APS patients identified
a set o? miRNAs differentially expressed and collectively involved in
clinical features. Logistic regression and ROC analysis identified a signa-
ture of 10 miRNA ratios as biomarkers of disease. In addition, miRNA
signature was related to fetal loss, atherosclerosis, and type of thrombo-
sis, and correlated with parameters linked to inflammation, thrombosis,
and autoimmunity. Hard clustering analysis differentiated 3 clusters rep-
resenting different thrombotic risk proﬁf/e groups. Significant differences
between groups for several miRNA ratios were found. Moreover,
miRNA signature remained stable over time, demonstrated by their
analysis three months after the first sample collection. Parallel analysis
in two additional cohorts of patients, including thrombosis without
autoimmune disease, and systemic lupus erythematosus without
antiphospholipid antibodies, each displayed specific miRNA profiles
that were distinct from those of APS patients. In vitro, antiphospholipid
antibodies of IgG isotype promoted deregulation in selected miRNAs
and their potential atherothrombotic protein targets in monocytes and
endothelial cells. Taken together, ditferentially expressed circulating
miRNAs in APS patients, modulated at least partially by antiphospho-
lipid antibodies of IgG isotype, might have the potential to serve as
novel biomarkers of disease features and to typify patients’
atherothrombotic status, thus constituting a useful tool in the manage-
ment of the disease.

Introduction

Antiphospholipid syndrome (APS) is a clinical disorder characterized by the
occurrence of thrombosis and/or pregnancy morbidity associated with the persist-
ent presence of antiphospholipid antibodies (aPL), including anti-cardiolipin anti-
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Table 1. Clinical and laboratory parameters of the antiphospholipid syndrome (APS) patients and the healthy donors (HDs).

APS HDs P
(total n. 90) (total n. 42)
Females/males 48/42 22/20
Age, years 512 £13.1 46.2 + 134 NS
Arterial thrombosis 35/90 0/42
Venous thrombosis 55/90 0/42
Recurrences 3790 0/42
Pregnancy morbidity 23/90 0/42
Pathological CIMT 24/90 6/42 0.00
ABI — left* 1.3 £0.11 1.2 +0.09 0.02
ABI — right* 1.27 +0.11 1.2 +0.09 0.02
LA positivity 85/90 0/42 0.00
aCL-1gG' GPL 234 (0.5-448) 1.3 (0.5-5) 0.00
aCL-IgM* MPL 21.8 (0-354) 4.9 (0.8-17) 0.00
Anti-B2GPI IgG* SGU 23.9 (0-361) 1(1-2) 0.02
Anti-B2GPI IgM* SMU 14.8 (0-289) 1.2 (1-2.6) 0.02
Antiplatelet agents’ 30/90 0/42
Anticoagulant agents* 62/90 0/42
Total cholesterol level,* mg/dL 191.7 + 32.06 190 +41.8 NS
Cholesterol HDL level,* mg/dL 51.09 + 12.4 554 +13.1 NS
Cholesterol LDL level,* mg/dL 112.1 £ 33.2 1184 £ 269 NS
Triglycerides level,* mg/dL 155.1 + 163.2 88.3 +50.07 NS
ESR,* mm/h 135+ 13.6 6.6 +4 0.05

n: number; NS: not significant; CIMT: carotid intima-media thickness; ABI: ankle brachial index; LA: lupus anticoagulant; aCL: anti-cardiolipin antibodies; GPL: IgG phospholipid
units; MPL: IgM phospholipid units; anti-32GPI: anti-B2 glycoprotein 1 antibodies; SGU: stantard IgG units; SMU: standard IgM units; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; ESR: erythrocyte sedimentation rate. *Results expressed as means+Standard Deviation. #Results expressed in mean and values range. 'Antiplatelet agents include
acetylsalicylic acid and clopidogrel. 'Anticoagulant agents indicate vitamin K antagonists, including warfarin and acenocumarol.

bodies (aCL), anti-p2-glycoprotein 1 antibodies (anti-
B2GPI) and/or lupus anticoagulant (LA). Cardiac, cerebral
and vascular strokes in these patients are responsible for a
significant reduction in life expectancy.' The course of car-
diovascular disease (CVD) in APS patients may rapidly
change from asymptomatic to severe life-threatening
manifestations that are difficult to deal with. Timely diag-
nosis and accurate monitoring of the course of APS are
essential to improve the quality of therapy and avoid
approaches based on medical empirical protocols. In the
same way, like many other autoimmune diseases, APS is
a heterogeneous entity, and this has a dramatic impact on
diagnosis and treatment.’

Understanding of the pathophysiological mechanisms
explaining how atherosclerosis and CVD are associated to
APS has been greatly broadened with the application of
genomic technologies.” One emerging and important
mechanism controlling gene expression is epigenetics,
which regulates gene packaging and independent expres-
sion of alterations in the DNA sequence. Epigenetics,
which comprises DNA methylation, histone modifica-
tions, and microRNAs (miRNAs) activity, is providing
new directions linking genomics and environmental fac-
tors.* miRNAs are small, non-coding RNAs that, depend-
ing upon base pairing to messenger RNA (mRNA), medi-
ate mRNA cleavage, translational repression or mRNA
destabilization. miRNAs are known to be involved in cru-
cial cellular processes and their dysregulation has been
described in many cell types and fluids in a broad range of
diseases.””

In the setting of APS, a previous study by our group
recognized that aPL modulate the expression of 2
miRNAs in monocytes (miR-19b and miR-20a) that con-
trol the expression of key proteins involved in the
pathology of the disease, such as tissue factor (TE).°
Moreover, we recently demonstrated that both aPL and
the anti-double stranded DNA antibodies (anti-dsDNA)
promote specific changes in the expression of proteins
related to the biogenesis of miRNAs in leukocytes of APS
and systemic lupus erythematosus (SLE) patients, which
are translated in the altered expression of the miRNAs
profile and that of their protein targets (related to CVD)
in these disorders.”

Extensive analyses have shown that miRNAs are
released into the circulation where they are present in con-
centration levels that differ between healthy subjects and
patients. Although little is known about the origin and
function of such circulating miRNAs, these molecules are
increasingly recognized as non-invasive and readily acces-
sible biomarkers for risk stratification, diagnosis and prog-
nosis of multiple forms of CVD."

Specific profiles of circulating miRNAs are also associat-
ed to the pathophysiology of different systemic autoim-
mune diseases, including SLE, systemic sclerosis, and
rheumatoid arthritis (RA), and some of them appear to be
of diagnostic and, possibly, of prognostic value." To date,
in the context of APS, no study has analyzed the potential
role of the circulating miRNAs as biomarkers of the dis-
ease. Therefore, the present study was designed to deter-
mine the plasma miRNA specific profile of APS patients,
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Figure 1. Antiphospholipid syndrome (APS) patients showed a specific circulating miRNAs profile related to clinical features of this autoimmune disorder. (A) To
identify the changes that occurred in the expression levels of microRNAs (miR) in plasma from antiphospholipid syndrome versus controls, Human Serum & Plasma
miRNA PCR-array (Qiagen) was performed in the study cohort. Expression levels of 19 miRNAs were found up-regulated in antiphospholipid syndrome, while 20
miRNAs were down-regulated. (B) Ingenuity Pathway Analysis (IPA) uncovered the main enriched biological functions and pathways in which these microRNAs are
involved. The analysis included only the functions and pathways with average IPA score >2 [indicated as -log (P value)]. (C) Validation of selected miRNAs by RT-PCR

in the whole cohort of APS patients and healthy donors. *P<0.05.

their modulation by autoantibodies, and their potential
role as non-invasive biomarkers of disease features.

Methods

Patients

Ninety patients with primary APS and 42 healthy donors (HDs)
were included in this study over a period of 24 months (see Online
Supplementary Appendix). All experimental protocols were
approved by the ethics committee of the Reina Sofia Hospital,
Cordoba, Spain, and written informed consent was obtained. The
characteristics of patients and HDs are shown in Table 1.

The adjusted global anti-phospholipid syndrome score
(aGAPSS) was calculated for each APS patient, as previously
described.”” Briefly, aGAPSS was calculated by adding the points
corresponding to both the cardiovascular and thrombotic risk fac-
tors, based on a linear transformation derived from the f regres-
sion coefficient as follows: 3 for hyperlipidemia, 1 for arterial
hypertension, 5 for aCL IgG/IgM, 4 for anti-p2GPI IgG/IgM, and 4
for LA.

Two additional cohorts of patients were further analyzed as dis-
ease control, including 23 patients with thrombosis in the absence
of an associated autoimmune disease [12 non-pregnant women
and 11 men; mean age 44 (range: 21-73 years), including patients
with objectively verified thrombotic events: 14 deep venous
thrombosis and 9 thrombosis in intra-cerebral vessels], and 25 SLE
patients without aPLs (Online Supplementary Table S1).

For details of blood sample collection and assessment of biolog-

ical parameters, B-Mode Ultrasound IMT and Ankle Brachial
Index measurements see the Online Supplementary Appendix.

Isolation of miRNAs and analysis of miRNAs expression
profiling

Total RNA, including the miRNA fraction, was extracted from
both plasma and supernatants obtained from in vitro studies by
using the QIAzol miRNeasy kit (Qiagen, Valencia, CA, USA) fol-
lowing the manufacturer's instructions' (Online Supplementary
Appendix). To identify the changes that occurred in the expression
levels of miRNAs in plasma from APS patients and HDs, a Human
Serum & Plasma miRNA PCR-array (Qiagen) was performed
(Online Supplementary Appendix) on an exploratory cohort (Online
Supplementary Table S2).

Quantitative real-time PCR

A fixed volume of 3 ul of RNA solution from the 14 ul-eluate
from RNA isolation of 200 ul plasma sample was used as input
into the reverse transcription. Input RNA was reverse transcribed
using the TagMan miRNA Reverse Transcription kit and miRNA-
specific stem-loop primers (Life Technologies, Madrid, Spain)
(Online Supplementary Appendix). The expression levels of miRNAs
were calculated by using 2“and reciprocal ratios were performed
[Ratio miR-A/miR-B = log, (2 ™**/2< ™*)] as previously
described.”" Reciprocal ratios analysis is an approach that
bypasses the controversial issue of data normalization of miRNAs
in plasma (self-normalization). Furthermore, miRNAs whose con-
centrations are changed because of a pathology in opposite direc-
tions can be effective in differentiating investigated populations.

10
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Figure 2. Interaction network of microRNAs identified potential mRNA targets involved in clinical features of antiphospholipid syndrome. Using microRNA Target
Filter of QIAGEN'’s Ingenuity Pathway Analysis (IPA, QIAGEN Redwood City, CA, USA, www.qiagen.com/ingenuity), the software generated a network including the
selected microRNAs (miRNAs or miR) and their mRNA targets, filtered by coronary artery disease, thrombosis, abortion and cerebrovascular dysfunction. Only targets
experimentally observed and predicted with high confidence are shown and related by direct interactions to their specific miRNA regulators.

Target gene prediction and integrated analysis by
Ingenuity Pathway Analysis

The altered miRNAs were further analyzed to obtain informa-
tion about biological functions, pathways and networks by using
the web-based bioinformatics tool QIAGEN’s Ingenuity Pathway
Analysis (IPA; Ingenuity Systems, htp://www.INGENUITY.com).
For this purpose, all differentially regulated miRNAs and fold
changes were imported into IPA* (Online Supplementary Appendix).

Details of purification of IgG, in vitro exposure of monocytes and
endothelial cells to aPL antibodies, and the statistical analysis are
available in the Online Supplementary Appendix.

Results

Differentially expressed miRNAs in the plasma of APS
patients and HDs

In the discovery phase (exploratory cohort), we identi-
fied 39 miRNAs that were differentially expressed
between APS patients and HDs (cut off: 1.7-fold change),
including 19 up-regulated and 20 down-regulated (Figure
1A). Using the IPA software, the functional analysis of the
altered miRNAs in APS patients showed that a large num-
ber of them had validated and putative target mRNAs
mainly involved in connective tissue disorders, inflamma-
tory response, reproductive system disease, CVD or skele-
tal and muscular disorders (Figure 1C).

haematologica | 2018; 103(5) 911 -

Bioinformatic identification and analysis of
deregulated miRNAs related to the pathophysiology of
APS and analysis of potential protein targets

In silico studies were performed to identify the altered
miRNAs that might have as potential targets a number of
genes/proteins involved in the development of clinical
manifestations related to APS, such as coronary artery dis-
ease, thrombosis, abortion, and cerebrovascular dysfunc-
tion. IPA identified 11 altered miRNAs as the main regula-
tors of proteins involved in the pathology of APS, includ-
ing miRNA 84a-5p, 15a-5p, 145a-5p, 133b-3p, 124-3p,
206, 20a-5p, 19b-3p, 210-3p, 296-5p and 374a-5p. This set
of 11 miRNAs included, among others, the top 5 up-regu-
lated miRNAs and 3 out of the top 5 down-regulated
miRNAs in the PCR-array. The expression levels of the 11
selected miRNAs were analyzed in all study subjects by
RT-PCR (Figure 1B). MiR-124 and miR-34a were found
increased in APS patients in relation to healthy donors,
while miR-20a, miR-19b and miR145a were found
reduced. The remaining microRNAs were also found to be
altered, showing a trend to either increase or reduction as
observed in the discovery phase, thus validating the data
obtained by PCR-array.

We further developed a network that defined the inter-
action between miRNA-mRNA targets (Figure 2). Key pro-
teins involved in the pathophysiology of APS, and identi-
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value with higher specificity was selected.

fied as potential mRNA targets of those miRNAs, were
quantified in the plasma of APS patients and HDs. As pre-
viously reported,”* APS patients showed significantly
increased plasma levels of TF, PAI-1, MCP-1, VEGEF-A and
VEGFR-1 (Online Supplementary Figure S1).

Circulating miRNA signature as potential biomarkers
of disease in APS

It has been shown that the combination of miRNAs
improves their predictive potential to differentiate two
pathological conditions."" Thus, to assess the potential of
specific circulating miRNAs in APS patients as biomarkers
of disease features, reciprocal ratios of the miRNAs ana-
lyzed were performed by using statistical tools. By this
approach, we identified 10 miRNA ratios, integrated by
the 11 selected miRNAs, and differentially expressed in
plasma of APS patients in comparison with HDs, includ-
ing miR-19b/miR-34a, miR-19b/miR-15a, miR19b/miR-
124, miR-19b/miR-145, miR-20a/miR-145, miR-20a/miR-
374a, miR-20a/miR-210, miR-20a/miR-133b, miR-
206/miR-34a and miR-124/miR-296 (Figure 3A). To fur-
ther explore the efficiency of these biomarkers to identify

APS patients, a combination of the 10 miRNA ratios as a
panel was carried out by using a logistic regression on the
data set, as previously described.** Thus, all miRNA-ratios
were integrated into a single model or equation, which
provided a single ‘score’ that allowed us to perform the
ROC analysis and establish the cut off for prediction. The
ROC curve for the 10 miRNA ratios signature revealed a
marked accuracy, evidenced by an AUC of 0.81. At the
optimal cut-off value of 0.6, the sensitivity and specificity
of the combined miRNA panel for APS identification were
78% and 80%, respectively (Figure 3B).

Stability of miRNA expression profile over time in APS
Plasma from 21 APS patients included in the study was
evaluated again three months after the first blood sample
collection to analyze the stability of the circulating
miRNA profile. Results demonstrated that miRNA
expression in the second sample collection did not
change in relation to the first analysis (Online
Supplementary Figure S2A). Moreover, the levels of
miRNA ratios at baseline correlated significantly with
the levels of these ratios three months later (Online
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Figure 4. Antiphospholipid syndrome (APS) patients show a specific miRNA profile distinct from both non-autoimmune patients with previous thrombotic events
and aPL-negative systemic lupus erythematosus (SLE) patients. Twenty-three thrombotic non-antiphospholipid syndrome patients (non-APS) and 25 aPL-negative
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Supplementary Figure S2B). Thus, our data support the
theory that there is a specific circulating miRNA signa-
ture in APS which remains stable over time.

APS patients show a specific miRNA profile different
from both non-autoimmune patients with previous
thrombotic events and aPL-negative SLE patients

To assess the specificity of the miRNA signature found
in APS patients, and in order to analyze whether the
altered expression of the circulating miRNAs evaluated
was linked to their thrombophilic status, an additional dis-
ease group including 23 patients with thrombosis in the
absence of an associated autoimmune disease was evalu-
ated. In these patients, the ratios formed by the expression
levels of the 11 selected miRNAs were significantly differ-
ent from those described in APS patients, except for the
ratios miR-19b/miR-15a and miR-19b/miR-145 which
exhibited non-significant differences (Figure 4). To evalu-
ate if the altered expression of the miRNA signature was
a sign of an autoimmune status, an additional disease
group, including 25 SLE patients negative for aPL, was
analyzed. In this SLE cohort, the ratios produced by the
selected circulating miRNAs were significantly different
from those found in APS patients, except for the ratios
miR-19b/miR-34a, miR-20a/miR-374a and miR-124/miR-
296 which exhibited non-significant differences (Figure 4).

Potential influence of standard therapy on the profile
of circulating miRNAs in APS

APS patients were classified into two groups based on
the treatment received, including 30 primary APS patients
treated with antiplatelet agents and 62 primary APS
patients treated with anticoagulant drugs. The statistical
comparison between patients treated with antiplatelet
and anticoagulant agents showed no significant differ-
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ences in miRNA signature, except for the ratio miR-
20a/374 (Online Supplementary Figure S3).

Circulating miRNAs are associated with clinical
features of APS and show potential as biomarkers for
the development of atherosclerosis

The levels of some circulating miRNA ratios that inte-
grate the signature in APS were associated with the ocur-
rence of fetal losses in these patients, including elevated
levels of miR-19b/miR-124 and miR-20a/miR-374, and
reduced levels of miR-124/miR-296 (Figure 5A).
Associations between miRNA ratios and the type of
thrombosis suffered by APS patients were also identified.
Thus, elevated levels of ratios miR-20a/miR-145 and miR-
20a/miR-374 were significantly associated with the ocur-
rence of arterial thrombosis in APS patients (Figure 5B).
Furthermore, the ratios of miR-19b/miR-124 and miR-
124/miR-296 were also found to be associated with the
presence of a pathological CIMT in these patients (Figure
5C). To accurately evaluate their relevance as biomarkers
of early atherosclerosis, we conducted combined ROC
analyses of these miRNA ratios. The combination of both
circulating miRNA ratios as a panel showed an evident
accuracy, with an AUC of 0.76 at a sensitivity of 67 % and
specificity of 78% from a cut-off value of 0.41 (Figure 5D).

Cluster analysis

Hard clustering analysis in the APS cohort differentiated
3 clusters representing different thrombotic risk profile
groups. Clinical and laboratory parameters of each cluster
are resumed (Figure 6A). Briefly, cluster 1 (50% of the clus-
tered cohort) was characterized by lower prevalence of
cardiovascular risk factors and aPL multiple positivity.
Conversely, cluster 1 shows a higher rate of venous
thrombotic event when compared to the other clusters.
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Figure 5. Circulating miRNAs are related to clinical features of antiphospholipid syndrome (APS) and show potential as biomarkers for the development of ather-
osclerosis. Association studies of altered circulating microRNA (miRNA or miR) ratios and the occurrence of previous fetal loss (A), the type of thrombosis suffered
(B) and the presence of a pathological carotid intima-media thickness (CIMT) (C). Beeswarm plot of each miR ratio is shown, along with mean, Standard Deviation,
and P-value. (D) A combination as a panel of the 2 miRNA ratios associated to the pathological CIMT was carried out by using logistic regression on the data set and
receiver operator characteristics (ROC) curve analyses were performed. ROC curve of miRNA panel and cut off were generated based on the predicted probability
(P) for each patient as a single score. The equation used was: “Combined miRNA-ratio panel [Logit(p)] = 0.599 - 0.133x(miR-19b/miR-124) + 0.007x(miR-124/miR-
296)". The area under the curve (AUC), sensitivity and specificity are shown, and a cut-off value with higher specificity was selected.

Cluster 2 (17.6% of the clustered cohort) was character-
ized by a higher rate of cardiovascular risk factors, arterial
thrombotic events, recurrences and a low prevalence of
multiple aPL positivity. Cluster 3 (32.4% of the clustered
cohort) was represented by a higher rate of multiple aPL
positivity, arterial thrombotic events, and lower rate of
cardiovascular risk factors. When evaluating different
miRNA ratio expression among clusters, we found a sta-
tistically significant difference between groups for the fol-
lowing miRNA ratios: miR-19b/miR-124 (P<0.001,
ANOVA), miR-20a/miR-374 (P<0.05, ANOVA), miR-
20a/miR-210 (P<0.001, ANOVA) and miR-124/miR-296
(P<0.05, ANOVA). miRNA ratio expression in the differ-
ent clusters are summarized in Figure 6C.

When comparing the aGAPSS values among the differ-
ent clusters, we found a significant difference (P=0.008,
t-test) between cluster 1 [mean aGAPSS 5.38;
1.628+Standard Deviation (SD)] and Cluster 2 (mean
aGAPSS 8,67; 3.67+SD). Similarly, we found a significant
difference (P<0.001, r-test) between cluster 1 and cluster 3
(mean aGAPSS 10.82; 2.316+SD). aGAPSS values stratify-
ing for clusters are represented in Figure 6B.

Circulating miRNAs correlate with clinical and
serological parameters in APS

The miRNA ratios that integrate the signature in APS
were linked with clinical parameters, such as ABI, pres-
ence of elevated titers of aPL, particularly aCL and anti-
B2GPI antibodies, and erythrocyte sedimentation rate
(Online Supplementary Table S3). Correlation analyses with
serological markers related to atherothrombosis further

showed significant positive correlations with the expres-
sion levels of various miRNA ratios and with levels of TF,
PAI-1, VEGF-A, VEGF-R1 and MCP-1 (Ounline
Supplementary Table S3). Some of these correlations were
also found among various miRNA ratios in plasma of APS
patients.

Antiphospholipid antibodies modulate the expression
of both the circulating miRNAs that integrate the
signature in APS and their potential protein targets

The expression of the 11 selected miRNAs was signifi-
cantly altered in the supernatant of HUVECs treated with
aPL-IgG in relation to those treated with a non-immune-
IgG (Figure 7A), except for the miR-124 and miR-206.
Accordingly, this treatment promoted in HUVECs the
secretion of atherothrombotic proteins, such as TE PAI-1
and VEGE-R1 (Figure 7B), potential targets of the miRNAs
analyzed. On the other hand, the expression levels of sev-
eral miRNAs were deregulated in the supernatant of
monocytes treated with aPL-IgG, including miR-19b, miR-
20a, miR-145, miR-210 and miR-296 (Figure 7C).
Concomitantly, aPL-IgG treatment promoted in mono-
cytes an increase in the secretion of TF, PAI-1 and MCP-1
(Figure 7D).

Discussion
The present study identifies, for the first time, a specific

signature of circulating miRNAs in APS patients that
might serve as potential biomarkers of clinical features of
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this autoimmune disorder. Moreover, this signature could
represent a useful tool to typify and stratify patients based
on their thrombotic status and cardiovascular risk profile
(Online Supplementary Figure S3).

Circulating miRNAs were firstly described in peripheral
blood as promising specific biomarkers for a wide range of
diseases, such as cancer and other inflammatory patholo-
gies.® Thereafter, several studies revealed the altered
expression of numerous miRNAs in plasma, blood cells,
and tissues of systemic autoimmune conditions, such as
RA and SLE, which were directly associated to disease
activity, making them potential useful biomarkers for clin-
ical features and follow up.”*** However, to date, the spe-
cific profile of circulating miRNAs in APS patients has not
been evaluated. In the present study, the profiling of
miRNAs by PCR-array in plasma of APS patients has
helped to identify a set of miRNAs differentially expressed
and collectively associated to clinical features of the dis-
ease, such as inflammatory response, reproductive system
disease, and CVD, among others. Using logistic regres-
sion, we further developed a model that identified 10
miRNA ratios, differentially expressed, that showed great
potential as biomarkers of disease of APS patients.

Recent studies support the evidence that an miRNAs
signature has a higher diagnostic value than individual
miRNAs.""* The use of ratios is a feasible approach that
overcomes the controversial question of normalizing plas-
ma levels of miRNAs, given the lack of a reliable normal-
izer for circulating miRNAs. In addition, the establishment
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of these ratios allows the identification of a combination
of expression profiles closer to reality i vivo in patients,
where the interactions between miRNAs and their specific
potential targets never occur in a unique or individualized
way. In fact, it is likely that, in some cases, various
miRNAs, whose concentrations are shifted in opposite
directions in a particular pathology, contribute together
and specifically to certain clinical profiles.

The signatures of circulating miRNAs identified in APS
patients integrated miRNAs previously described to be
altered in other autoimmune and CVD. Thus, miR-19b
and miR-20a have been shown to be essential modulators
of TF expression in APS and SLE patients,” so that reduced
expression of such miRNAs contributes to the overexpres-
sion of TF in monocytes, which is directly associated with
the occurrence of thrombotic events in APS.** On the
other hand, miR-124, found altered in APS, SLE and RA
patients at both cellular and plasma levels, modulates the
overexpression of MCP-1, a key chemokine directly
involved in CVD associated to these autoimmune condi-
tions.*** Likewise, miR-133b and miR-145 have been
identified as the most promising biomarkers of the patho-
genesis of CVD. Both miRNAs participate in the differen-
tiation of vascular smooth muscle cells. In addition, miR-
133b regulates angiogenesis and endothelial function,
while miR-145 participates in the stabilization of athero-
matous plaque.** The miR-34a is highly expressed in
endothelial cells, and elevated circulating levels of this
miRNA have been associated to myocardial infarction.”
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Figure 7. Antiphospholipid antibodies modulate the expression of both the circulating miRNAs that integrate the signature in antiphospholipid syndrome (APS)
and their putative protein targets. Human umbilical vein endothelial cells (HUVECs) were treated with antiphospholipid antibodies and secreted selected microRNAs
(miRNAs) (A) and putative target protein (B) levels were determined in the supernatant. Monocytes were also treated with antiphospholipid antibodies and secreted
selected miRNAs (C) and putative target proteins (D) levels were evaluated in the supernatant of culture. Differences were analyzed by Student t-test. Values are the
means and Standard Error of Mean of 4 independent experiments performed in triplicate. P<0.05 was considered statistically significant. TF: tissue factor; PAI-1:
plasminogen activator inhibitor-1; VEGF-A: vascular endothelial growth factor A; VEGF-R1: VEGF-Receptor-1; MCP-1: monocyte chemotactic protein.

Moreover, the main target of miR-34a is VEGF-A, a key
inflammatory protein involved in numerous cardiovascu-
lar and autoimmune pathologies, including APS.** In the
same way, miR-374 has been described as regulator of
maintenance of vascular integrity.” The remaining
miRNAs members of the signature, including miR-296,
miR-210, miR-206 and miRNA-15, have been found
altered in severe pre-eclampsia, one of the leading causes
of maternal mortality and neonatal morbidity world-
wide.®* Thus, all the processes regulated by these
miRNAs seem to orchestrate distinct aspects of APS
pathogenesis.

To assess the specificity of the circulating miRNA signa-
ture in APS we evaluated the miRNA profile in an addi-
tional cohort of patients characterized by the presence of
previous thrombotic events in the absence of an associat-
ed autoimmune disease. The miRNAs analysis revealed a
differential pattern of expression between these two
cohorts. Those results substantiate previous studies that
evidenced the presence of a distinct miRNA profile in
monocytes and neutrophils of thrombotic non-autoim-
mune patients compared to APS patients.” This could
reflect a differential mode of regulation and activity of
miRNAs in thrombotic patients compared to APS patients,
on which the role of autoantibodies might be crucial.
Moreover, the analysis of a parallel autoimmune popula-
tion (SLE patients) negative for aPL, also identified an
miRNA signature distinct from that of APS, thus underly-
ing the potential role of aPLs as regulators of thrombosis-
related miRNAs in APS, and pointing to the presence of a
specific miRNA profile relative to the pathogenesis of
each disease.

Antiphospholipid syndrome patients recruited in this

study were mainly treated with anticoagulant and/or
antiplatelet agents. All of them have been shown to influ-
ence miRNAs expression, an epigenetic process that might
help to delineate the mechanisms underlying their
effects.”** Thus, we evaluated the potential effect of
these treatments on the circulating miRNA expression
profile. No significant differences were observed in our
cohort of APS patients between those who received
antiplatelet and those treated with anticoagulant agents,
suggesting that the prothrombotic status induced by
effects of aPLs, and the consequently deregulated
miRNAs, were not differentially modulated among these
drugs.

In order to understand the clinical relevance of the
altered circulating miRNA signature, association and cor-
relation studies were perfomed. Altered expression of var-
ious miRNA ratios was associated with the presence of
previous fetal losses. In line with these findings, several
studies have shown that the misregulation of circulating
placental miRNAs in maternal blood might lead to preg-
nancy complications, thus acting as non-invasive diagnos-
tic and prognostic biomarkers for pregnancy monitoring.”
“ Association studies further established a significantly
increased expression of 2 miRNA ratios in APS patients
that had suffered arterial thrombosis in comparison with
those who experienced venous thrombotic events.
Interestingly, both miRNA ratios were integrated by the
miR-20a, previously reported to be the main regulator of
TF, whose expression levels have been found to be related
to the development of arterial thrombosis in the setting of
APS.**Finally, we identified 2 miRNA ratios as clinical rel-
evant biomarkers related to early atherosclerosis develop-
ment in APS patients, which were integrated by the miR-



19b and miR-124, both of them critical players in the
expression of proteins related to inflammation and throm-
bosis in APS and SLE.*’

Correlation studies revealed that the altered circulating
miRNA signature in APS is linked to parameters related to
increased risk of peripheral artery disease such as ABL
Moreover, correlations between circulating miRNA levels
and numerous altered parameters related to inflammation
and thrombosis were also identified. These correlations
support the relationship observed in the in silico study
between the selected miRNAs and potential target pro-
teins involved in various clinical features of APS. The
influence of the autoimmunity in the circulating profile of
miRNAs in APS was also revealed by the significant corre-
lation between high titers of aPL-IgG and the altered
expression of several miRNAs integrating the signature.
These relationships further sustain those previously iden-
tified among the altered profile of miRNAs in APS and SLE
at cellular level and the autoimmune and inflammatory
profile of both autoimmune conditions.” Therefore, our
data suggest that the altered plasma profile of miRNAs is
an important mechanisin that might contribute to the reg-
ulation of the pro-atherothrombotic status of APS
patients, on which aPL seem to play a key role.

Our in vitro studies further confirmed this hypothesis,
demonstrating that aPL-IgG antibodies promoted a signif-
icant deregulation in the expression levels of both the
selected miRNAs and their potential protein targets in the
supernatant of cultured monocytes and HUVECs, the
main drivers of the CVD in the setting of APS. These
results also confirm and complement previous studies
which showed the in vitro effects of aPL-IgG in the induc-
tion of prothrombotic/inflammatory mediators®* and the
modulation of specific cellular miRNAs involved in their
modulation.”” Nevertheless, although our data show spe-
cific effects of aPL-IgG on the secretion of several circulat-
ing microRNAs related to CVD, the contribution of other
components of the vascular and immune system to the
altered profile of circulating miRNAs still has to be
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defined. In addition, since we did not perform a complete
plasma human microarray analysis, we cannot exclude the
complementary role of other circulating miRNAs in the
physiopathology of APS.

Interestingly, our analysis supports a clinical role for the
use of miRNA ratios when stratifying patients for their
thrombotic risk. While studying the miRNA expression
profile has widened the understanding of APS pathogene-
sis,” its clinical utility is still a question of debate. Our data
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Taken together, our data suggest that differentially
expressed miRNAs in the plasma of APS patients, modu-
lated at least partially by aPL-IgG antibodies, might have
the potential to serve as novel biomarkers of disease fea-
tures and could help typify the atherothrombotic status of
patients, thus constituting a useful tool in the manage-
ment of this disease.
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