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Abstract

Background: Antiphospholipid syndrome (APS) is an acquired autoimmune disorder characterized by distinct patho-
physiological mechanisms leading to heterogeneous manifestations, including venous and arterial thrombosis. Despite the
lack of specific markers of thrombosis risk in APS, some of the mechanisms responsible for thrombosis in APS may overlap
with those of other thromboembolic diseases. Understanding these similarities is important for improving the assessment
of thrombosis risk in APS. MicroRNAs (MiRNAs) are RNA molecules that regulate gene expression and may influence the
autoimmune response and coagulation.
Purpose: In this scoping review we aimed to investigate shared miRNAs profiles associated with APS and other
thromboembolic diseases as a means of identifying markers indicative of a pro-thrombotic profile among patients with APS.
Data collection and Results: Through a comprehensive search of scientific databases, 45 relevant studies were
identified out of 1020 references. miRs-124-3p, 125b-5p, 125a-5p, and 17-5p, were associated with APS and arterial
thrombosis, while miRs-106a-5p, 146b-5p, 15a-5p, 222-3p, and 451a were associated with APS and venous thrombosis.
Additionally, miR-126a-3p was associated with APS and both arterial and venous thrombosis.
Conclusion: We observed that APS shares a common miRNAs signature with non-APS related thrombosis, suggesting
that miRNA expression profiles may serve as markers of thrombotic risk in APS. Further validation of a pro-thrombotic
miRNA signature in APS is warranted to improve risk assessment, diagnosis, and management of APS.
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Background

Antiphospholipid syndrome (APS)

Antiphospholipid syndrome (APS) is a rare autoimmune pro-
thrombotic condition characterized by the persistence of anti-
phospholipid antibodies (aPL). The estimated incidence ranges
between 1 and 2 cases per 100,000 individuals per year, with a
prevalence of 40 to 50 cases per 100,000 individuals.1,2 It ismore
prevalent in females and does not exhibit racial predominance.1,2

Thrombotic events and obstetric complications are the
primary causes of morbidity and mortality in APS.3 APS is
thought to be responsible for up to 10% of the cases of
obstetric morbidity, arterial events, and venous

thromboembolism in individuals under 45 years old.1

Additionally, the mortality rate is around 50–80% higher
in patients with APS compared to the general population,
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mainly due to consequences of thromboembolic
complication.1

APS is categorized as secondary (SAPS) when it coexists
with other systemic autoimmune diseases such as systemic
lupus erythematous (SLE), while cases without any other
underlying condition are classified as primary APS
(PAPS).4,5 Having multiple cardiovascular risk factors or
other autoimmune disorder increases the risk of experi-
encing thrombotic events, that can occur in any vascular
site.6,7

The updated Sapporo classification criteria has been used
to guide the diagnosis of APS,4 and includes the con-
comitance of a previous thrombotic event or obstetric
morbidity with the detection of persistently positive aPL;
specifically, lupus anticoagulant (LA), anti-β2-glycoprotein
I (anti-β2GPI), or anti-cardiolipin (aCL) antibodies.4

However, this classification has several limitations in
clinical practice, particularly because APS manifestations
are highly heterogeneous, especially in those with non-
criteria antibodies or non-criteria clinical presentations.8

In addition, the aPL profile is not sufficient to determine
APS prognosis, as patient comorbidities and the inflam-
matory response may also play a role in the thrombotic
risk.9,10

Moreover, while the high-risk aPL profile for example
the persistence of higher titers of aPL and triple aPL-
positivity are considered risk factors for thrombosis re-
currence in APS,11–14 it has been shown that patients can
experience fluctuations and transient negativation in the
titers or type of aPL autoantibodies during disease pro-
gression, especially after the first thrombotic event. This
variability is not necessarily correlated with a lower chance
of thrombosis recurrence and could be a potential con-
founder in assessing patients thrombotic risk.15

Due to these limitations in APS-related risk stratification,
several efforts have been expend for the establishment of
new biomarkers to accomplish the individual prognosis.9

Recently, the American College of Rheumatology (ACR)
and the European Alliance of Associations for Rheuma-
tology (EULAR) proposed an update to the APS classifi-
cation criteria, in which the most significant change was the
expansion of the clinical and laboratory classification cri-
teria to better conduct risk-stratification clinical research in
APS and potentially improve patient care.16

A risk assessment toll to evaluate the thrombotic risk in
APS is also needed. In this context, genetic and epigenetic
biomarkers have been recognized as contributors to the
inflammatory and hemostatic changes leading to the
thrombotic clinical presentation of APS, as well as to the
severity, subtype of the disease, and aPL activity.17,18 In line
with this, a study using genome-wide transcriptomic
analysis of whole blood samples demonstrated that gene
signatures have significant potential to distinguish patients
with thrombotic PAPS and identify high-risk subgroups,

such as those with recurrent thrombotic events.19 While this
provides insight into the use of genetic markers for
thrombotic risk stratification in APS, there is still lack of
information on epigenetic markers such as microRNAs
(miRNA). Therefore, in this review, we aimed to investigate
common miRNA profiles associated with APS and other
venous or arterial thromboembolic diseases to identify
markers indicative of thrombosis risk in APS.

MicroRNAs (miRNAs)

MiRNAs are single-stranded, non-coding RNA molecules
composed of approximately 22 nucleotides, playing a
significant role in post-transcriptional regulation of gene
expression.20,21 Since their discovery in C. elegans22 and
the recognition of their conservation in many species,23

studies focusing on miRNAs have exponentially increased,
revealing the regulatory role of miRNAs in cellular func-
tions and the organism.24

Depending on the complementarity of the miRNA seed
sequence (effector region) to the mRNA’s 30-UTR, miRNA
can either inhibit messenger RNA transcription (imperfect
complementarity) or induce its degradation (perfect com-
plementarity). This process regulates the expression of
encoded proteins,24 constituting the canonical pathway of
miRNA action.

In general, it is estimated that approximately 60% of
human messenger RNAs (mRNA) can be modulated by
miRNAs, suggesting that each miRNA is capable of pairing
with hundreds of different mRNAs.25

Following their transcription, miRNAs can either exert
their action intracellularly or be excreted into the extra-
cellular environment. Intracellularly, miRNAs concentrate
in RNA processing bodies (P-bodies) and on the endo-
plasmic reticulum membrane.24 When excreted, miRNAs
can be detected in various biological fluids, such as plasma,
urine, saliva, cerebrospinal fluid, among others.26 Despite
the high concentration of RNA-degrading enzymes in ex-
tracellular fluids, miRNAs are highly stable, primarily
because these molecules exist within vesicles, such as
exosomes,27 or are associated with protein complexes like
high-density lipoproteins and argonaute.28,29

Given the literature’s demonstration of specific miRNA
profiles correlating with different diseases, it is believed that
circulating miRNAs can be taken up by recipient cells,
thereby regulating gene transcription through intercellular
communication mechanisms. Also, due to their high sta-
bility in extracellular fluids and their specific expression in
different tissues or pathological states, miRNAs have come
to be recognized as potential biomarkers for diagnosis,
therapeutic response, and prognosis.24,30

In APS context, miRNAs can act as modulators of the
autoimmune response and hemostatic disturbances that lead
to procoagulant state and clinical thrombosis, specially by
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the regulation in the tissue factor (TF) expression.31,32

However, evidence correlating the prevalence of dysregu-
lated miRNAs and the thrombotic risk in APS are still
scarce.

Therefore, the primary aim of this scoping review was to
investigate shared miRNAs profiles associated with APS and
other thromboembolic diseases as a means of identifying
markers indicative of a pro-thrombotic profile among patients
with APS. Initially, we examined clinical studies evaluating
miRNAs as potential biomarkers for APS. Subsequently, we
conducted a comprehensive analysis of the role of miRNAs in
predicting venous or arterial thrombosis in non-APS patients,
comparing the dysregulated miRNAs within each group.

Methods

Search strategy

We conducted a comprehensive search across multiple
databases, including PubMed, Scopus, BVS/Bireme, Web
of Science, Embase, Cochrane Library, Ebscohost, and
ProQuest. Using the search terms “MicroRNAs AND
Biomarkers AND (“Antiphopholipid syndrome” OR
“Thrombosis” OR “Lupus erythematous systemic”),” we
identified a total of 1020 unique references, which en-
compassed original research papers, conference abstracts,
editorials, chapter of books and thesis until 2022.

Inclusion criteria

We employed the rayyan.ai tool to initially obtain the abstracts
of each of the 1020 references previously founded, and two
independent reviewers blinded to the study made inclusion or
exclusion decisions. These reviewers are a pharmacist and a
biomedical professional, both specialists in translational
research and clinical analyses focused on biomarkers, and with
background in studies on both APS and miRNAs. During this
initial screening, we excluded systematic reviews, method-
ology papers, practical guides, meta-analyses, and references
that described miRNAs as biomarkers for clinical conditions
not related to thrombotic events or with focus in other non-
coding RNAs. Any discrepancies in inclusion decisions were
resolved by a third reviewer, who is a hematologist specialist in
thrombosis and hemostasis and with experience in APS
clinical studies. At the conclusion of this step, we were left
with 217 references for the second step.

Then, in the second step we evaluated the complete
version of the 217 left references using the same approach
applied to the first step. At this point we excluded the re-
maining studies that did not analyze miRNA expression in
clinical samples, had lacked correlation with thrombotic
manifestations, focused on thrombotic events provoked by
cancer, did not specify which miRNAs were deregulated, or
were reviews and duplicates not yet excluded. We used a

similar approach as in step 1, but we double-checked the full
text to ensure that the analyzed references did not meet any
of the exclusion criteria. The remaining references are
discussed in this review and are primarily composed of
original studies that assessed the circulating expression of
miRNAs in biological samples from patients with throm-
botic APS and compared them with patients who had
thrombosis unrelated to APS or with healthy controls.

Results

Out of the 1020 unique references identified at the outset of
the literary search, 45 met all the inclusion criteria and were
retained in this review following the completion of the
second step of the selection process. Figure 1 illustrates the
study’s flowchart, outlining the reasons for exclusion.

Among the remaining references, nine studies revealed
39 distinct miRNAs with differential expression in patients
with APS compared to non-APS patients with thrombosis.
Additionally, 16 studies identified 45 dysregulated miRNAs
in patients with non-APS-related arterial thrombosis, and
20 studies described 48 differentially expressed miRNAs in
non-APS-related venous thrombosis. We also observed that
in most of these studies the expression of circulating
miRNAs was internally validated in an independent and
larger cohort of patients, ranging from a minimum of 20 to
more than 100 individuals per group, after the initial
identification step carried out on a small population sample.
Details on all specific miRNAs and their validation status in
larger cohorts are provided in the Supplementary Table. In
Table 1, we present data on the miRNAs associated with
APS or thrombosis in at least two different studies.

We also compared the list of dysregulated miRNAs
previously described in APS with those described in non-
APS arterial and venous thrombosis. Our results demon-
strated the APS and non-APS arterial thrombosis share
miRs- 124-3p, 125b-5p, 125a-5p, 17-5p, while APS and
non-APS venous thrombosis share miRs-106a-5p, 146b-5p,
15a-5p, 222-3p, 451a. Finally, we observed that miR-126-
3p was differentially expressed in both APS and non-APS
thrombotic conditions compared to controls. In patients
with venous thrombosis, miR-126-3p expression was in-
creased, while in those with arterial thrombosis, it was
decreased compared to controls without previous throm-
bosis. In thrombotic APS, miR-126-3p expression was
either upregulated or downregulated, depending on the
population. These results are illustrated in Figure 2.

Discussion

miRNAs in APS

Among all the references analyzed in this review, only nine
clinical studies investigating the significance of miRNAs in
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categorizing thrombotic risk related to APS were found.
This indicates that the literature concerning the profile of
miRNA expression in APS remains limited, despite pre-
vious descriptions of miRNA activity in the pathophysi-
ology of the disease.31,32

Previously, in 2016, Shazwan et al.65 published the first
systematic review identifying research papers focusing on
demonstrating the differential miRNA expression profile in
patients with APS. The inclusion criteria of the studies in
that review ensured that the differential expression of
miRNAs was investigated by the authors using biological
samples from a known number of patients with APS and
compared with the levels of miRNAs in biological samples
from healthy individuals. However, despite analyzing a total
of 357 references, only one research paper, by Teruel
et al.,33 also included in this present review, met all the
requirements for analysis.65

In that work, Teruel et al.33 initially conducted an
in silico search to identify which miRNAs could potentially
target mRNA and, consequently, change the protein levels
of TF, a pro-coagulant protein that plays a crucial role in
thrombosis development. Subsequently, a series of in vitro
assays in monocytes from patients with APS, healthy
controls and patients with SLE demonstrated an interaction
between the candidate miRNAs and TF mRNA.33 The
results showed that miR-19b-3p and miR-20a-5p were
decreased sevenfold in APS monocytes compared to con-
trols. This decrease was identified as one of the factors

contributing to the higher levels of TF observed in APS, as
overexpression of miR-19b-3p and miR-20a-5p in vitro
resulted in a 60% decrease in TF protein levels. This
suggests that the down-regulation of miR-19b-3p and miR-
20a-5p in monocytes could distinguish patients with APS
from controls and SLE patients.33 In this scoping review,
none of these miRNAs were found in non-APS thrombosis.

A few years later, Pérez-Sánchez et al.37 published an
abstract of a study analyzing plasma samples from patients
with APS and compared them with samples from healthy
controls. They found that miR-19b, miR-20a, and miR-296
were differentially expressed in patients with APS. How-
ever, in contrast to the previous study, miR-19b, miR-20a,
and miR-296 were upregulated at least two-fold in APS.
Furthermore, they demonstrated that the combination of
these three miRNAs could distinguish patients with APS
from healthy donors with 70% sensitivity and specificity,
and that high levels of miR-20a and miR-296 were corre-
lated, respectively, with thrombosis recurrence and arterial
thrombosis. However, complete data is not yet available.

In 2016, the same research group38 investigated the
expression profile of miRNAs associated with cardiovas-
cular (CVD) and atherothrombotic risk in patients with
PAPS compared to SLE and healthy individuals. Initially,
they performed an in silico approach to identify miRNAs
predicted to regulate genes involved in processes such as
atherothrombosis, immune response, oxidative stress, and
intracellular signaling. The most relevant miRNAs

Figure 1. Flowchart of the review. In step 1, we identified a total of 1020 references using the search terms, and we evaluated the
abstracts of each. Out of these, 803 were excluded for reasons summarized in the upper right corner. In step 2, we carefully analyzed
217 full texts and we excluded an additional 172 references for the same reasons considered in step 1. These exclusions could only be
identified after a thorough analysis of the full text. After these exclusions, we arrived at 45 studies that met all inclusion criteria, of which
9 focused on antiphospholipid syndrome (APS), 16 on arterial thrombosis, and 20 on venous thrombosis.
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identified were 124a-3p, miR-125a-5p, miR-125b-5p, miR-
146a-5p, miR-155-5p, and miR-222-3p. Afterward, through
reverse transcription polymerase chain reaction (RT-PCR)
validation using leukocytes isolated from APS, SLE pa-
tients, and healthy donors, they found that all these miRNAs
were significantly decreased in neutrophils from APS and
SLE patients in physiological conditions. In monocytes,
miR 124a-3p and miR-125a-5p were decreased, while miR-
146a-5p and miR-155-5p were increased compared to
controls. No significant difference in the expression of these
miRNAs was observed between APS and SLE. Addition-
ally, the authors demonstrated that the presence of aPL-IgG
or anti-dsDNA-IgG autoantibodies could modulate the
expression of miRNA biogenesis-related proteins (like
dicer), consequently affecting the expression of mature
miRNA. They also showed that these changes in the levels
of mature miRNA might impact the expression of
atherothrombosis-related target molecules.38 Interestingly,

we observed in this review that changes in miR-124a-3p,
miR-125a-5p, miR-125b-5p expression have also been
demonstrated in non-APS-related arterial thrombosis,
suggesting that these miRNAs are good candidates for
assessing arterial risk in APS.

A subsequent study investigated the association of
miRNAs and endothelial dysfunction in APS using a
NanoString approach.34 This study identified a total of
21 miRNAs that were either decreased (miR-299-3p, -579,
-494, -221-3p, -4516, -145-5p, -146b-5p, -371a-3p, -18a-
5p, -26a-5p, -199a-5p, -376c, -126-3p, -let-7f-5p, -30b-5p,
-106a-5p, -17-5p, -20a-5p) or increased (miR-29a-3p,
-451a, -150-5p) in monocytes from patients with APS
compared to healthy controls. They also demonstrated that
these dysregulated miRNAs primarily targeted mRNAs of
genes involved in thrombosis-linked processes, such as
inflammation, lipid metabolism, mitochondrial dysfunction,
and oxidative stress.34 In our scoping review, we observed

Table 1. Differentially expressed miRNAs in more than one study for each condition.

miRNA References Expanded cohort internal validation Human biological sample type

APS miR-20a-5p 33–37 Yes, yes; yes; yes; yes Monocytes; monocytes; plasma; serum; plasma
miR-19b-3p 33,35–37 Yes; yes; yes; yes Monocytes; plasma; serum; plasma
miR-145-5p 32,34,35 Yes; yes; yes Monocytes; plasma; monocytes
miR-124-3p 35,38 Yes; yes Plasma, leukocytes
miR-126-3p 34,39 Yes; yes Monocytes; plasma
miR-146b-5p 32,34 Yes; yes Monocytes; monocytes
miR-150-5p 32,34 Yes; yes Monocytes; monocytes
miR-17-5p 32,34 Yes; yes Monocytes; monocytes
miR-199a-5p 32,34 Yes; yes Monocytes; monocytes
miR-26a-5p 32,34 Yes; yes Monocytes; monocytes
miR-296-5p 35,37 Yes; yes Plasma; plasma
miR-30b-5p 32,34 Yes; yes Monocytes; monocytes
miR-376c-3p 32,34 Yes; yes Monocytes; monocytes
miR-4516 34,40 Yes; no Monocytes; plasma
miR-494-3p 32,34 Yes; yes Monocytes; monocytes

Arterial thrombosis miR-1-3p 41,42 Yes; yes Plasma; serum
miR-122-5p 41,42 Yes; yes Plasma; serum
miR-124-3p 43,44 Yes; yes Serum; plasma
miR-125b-5p 44,45 Yes; yes Plasma; plasma
miR-145-3p 46,47 Yes, yes Serum; plasma
miR-19-b 46,48 Yes, yes Serum; plasma
miR-223-3p 48,49 Yes; yes Plasma; whole blood

Venous thrombosis miR-126-3p 50–52 Yes; yes,yes Plasma; plasma; plasma
miR-103a-3p 53,54 Yes; no Plasma; plasma
miR-195-5p 55,56 Yes; yes Whole blood; serum
miR-197-3p 53,57 Yes; yes Plasma; plasma
miR-199a-3p 58,59 No; yes Plasma; plasma
miR-20b-5p 58,59 No; yes Plasma; plasma
miR-21-5p 53,60 Yes; yes Plasma; serum
miR-22-3p 53,61 Yes; yes Plasma; whole blood
miR-320a 54,62 No; yes Plasma; plasma
miR-320b 54,62 No; yes Plasma; plasma
miR-423-5p 54,63 No; yes Plasma; plasma
miR-424-5p 54,64 No; yes Plasma; plasma
miR-532-5p 53,56 Yes; yes Plasma; serum
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that miR-17-5p and miR-126-3p were also associated with
endothelial dysfunction related to arterial49,66 and
venous50–52 thrombotic processes not associated with APS.
This highlights the potential of these miRNAs to participate
in the establishment of a pro-thrombotic state in both APS
and non-APS related thrombosis.

In 2018 the first study focused on the relevance of
miRNAs as APS biomarkers was published.35 In that work,
initially the expression of circulating miRNAs was inves-
tigated in plasma samples from an exploratory cohort of
patients with PAPS and healthy controls using PCR-Array
as the screening technique. Subsequently, an in silico ap-
proach was employed to select, from all the dysregulated

miRNAs identified by the screening, those which targeted
the largest number of genes related to APS clinical mani-
festations (miR-34a-5p, 15a-5p, 145a-5p, 133b-3p, 124-3p,
206, 20a-5p, 19b-3p, 210-3p, 296-5p, and 374a-5p). These
miRNAs were then validated in a subsequent cohort. The
results demonstrated that these miRNAs had a strong dis-
criminatory capacity between the APS and controls. Al-
though different combinations of these miRNAs were able
to discriminate patients with APS from individuals who had
thrombotic events in the absence of associated autoimmune
disease, here we observed that miRNAs 15a-5p, 124-3p are
also described in non-APS arterial thrombosis, suggesting
that thrombotic APS shares a similar miRNA profile with

Figure 2. Differentially expressed miRNAs according to the type of thrombosis.
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non-aPL mediated thrombosis. It is worth noting that
markers associated with atherothrombosis, such as TF, PAI-
1, VEGF-A, VEGF-R1, and MCP-1, appeared to correlate
with miRNA ratios and aPL titers, highlighting possible
mechanisms underlying arterial thrombosis in APS.35

Recently, our group40 demonstrated in a cohort of
thrombotic PAPS, in which some patients also had preg-
nancy complications, that a plasma miRNA signature
composed of five miRNAs (miR-149-3p, -1273g-3p, -4687-
3p, -4497, and -4516) showed considerable potential (Area
under curve 0.933; 95% CI 0.854–1.000). However, this
was an exploratory study which lacks validation. Similarly,
Martinez-Martinez et al.36 explored the association between
four miRNA, previously described in APS and clinical risk
of thrombosis in primary and secondary APS. The results
showed that miR-19b-3p and miR-20a-5p were differently
expressed in APS compared to controls, with miR-20a-5p
levels being associated with the presence of anticardiolipin
antibodies and thrombosis recurrence. Here, although we
observed that both miR-19b-3p and miR-20a-5p have been
validated in multiple APS cohorts, in this review we did not
confirm the association of miR-19b-3p and miR-20a-5p
with non-APS related thrombosis.

Higher levels of two miRNAs previously described as
regulators of the immune response, miR-126-3p and miR-
146a-5p, were also demonstrated in SLE-associated APS
when compared to SLE without APS and controls,39 in-
dicating that both miRNAs may discriminate the occurrence
of APS, and possibly the thrombotic risk, in SLE. The
present review also showed that miR-146a-5p has been
described in non-APS venous thrombosis and miR-126-3p
in non-APS venous and arterial thrombosis.

Recently, a specific mRNA-miRNA signature that dis-
criminated primary APS from non-aPL mediated throm-
bosis and controls was described. The signature was
composed of nine miRNAs (miR-199a-5p, -30b-5p, -494-
3p, -17-5p, -26a-5p, -145-5p, -146b-5p, -150-5p, -376c-3p)
associated with genes that regulate inflammatory responses,
thrombosis development, CVD, and immune system re-
sponse regulation.32 Thus, this mRNA-miRNA network not
only allowed the differentiation of APS from non-APS
thrombosis and controls but also showed accuracy in
stratifying patients with APS into three different clusters
according to their clinical and laboratory profiles (cluster 1:
thrombotic episodes, low obstetric morbidity, high aPL
titers, high CVD risk; cluster 2: thrombotic and obstetric
events, intermediate aPL titers, medium prevalence of CVD
risk; cluster 3: thrombotic and obstetric complications, low
titers of aPL, and low CVD risk).

Considering also that the expression levels of the
miRNAs remain stable over time, we can say that the above-
mentioned study demonstrated, for the first time, the rele-
vance of using deep transcriptome analyses to identify an
mRNA-miRNA network signature to characterize the

clinical phenotype of patients with APS. Although, the
authors pointed out the need for further studies to confirm
their findings, in this review we found that the miRNAs
described in the study (miR-199a-5p, -30b-5p, -494-3p,
-17-5p, -26a-5p, -145-5p, -146b-5p, -150-5p, -376c-3p)
have been identified in at least one other APS cohort, and
miR-17-5p and -146b-5p have also been associated with
non-APS arterial and venous thrombosis, respectively.

Shared miRNAs in APS and non-APS thrombosis

Using a comprehensive analysis of the published literature,
we identified that some of the miRNAs differently ex-
pressed in APS was also described in non-aPL mediated
thrombosis, which might corroborate with that miRNAs
could influence APS-related pro-thrombotic profile.

One of the miRNAs previously described both in aPL
and non-aPL mediated thrombosis was miR-126-3p, which
appeared as the most frequently cited in the references
analyzed in this review. Initially identified as a potential
predictor of venous thrombosis, miR-126-3p was found to
be elevated in plasma samples from patients with previous
venous thrombotic episodes compared to healthy
donors.50,52 Also, the inclusion of families in the validation
phase of the study of Rodriguez-Rius et al.50 allow the
authors to associate the miR-126-3p expression with in-
termediate phenotypes related to venous thrombosis, re-
vealing that miR-126-3p expression was significatively
correlated with the endogenous thrombin potential and
factor XI levels.50 Besides the association with the heritable
genetic component of venous thrombosis, elevated ex-
pression of miR-126-3p in patients with a recent venous
thromboembolic event was also correlated with an overall
significative residual vein obstruction after 3 month of
follow-up, indicating a poor prognostic correlated to the
increased miR-126-3p in the baseline.51

However, a study quantifying miR-126-3p in whole
blood from a cohort of patients who had suffered acute
myocardial infarction demonstrated that decreased levels of
miR-126-3p were a promising predictor of short- and long-
term recurrent thrombotic events and could be used for
ischemic risk stratification of patients after myocardial in-
farction.49 This finding appears to contradict the previous
one, as decreased, rather than increased, miR-126-3p ex-
pression was associated with worse thrombotic prognosis.
However, differences in biological sample type, quantifi-
cation methodology, and thrombotic etiology (arterial rather
than venous) between this study and that of Rosseti et al.,51

suggest that miR-126-3p may play an important role in both
venous and arterial thrombosis, possibly by regulating
different biological pathways.

Additionally, some miRNAs associated with APS were
found to be dysregulated specifically in venous or arterial
thrombosis, such as miR-106-5p, -146b-5p, -222-3p, -15a-
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5p, and -451a. Most of these miRNAs were associated with
increased cardiovascular risk prediction in APS and also
with an increased risk of recurrent53 or future venous
thrombosis.58 Conversely, miR-124-3p, 125b-5p, and 125a-
5p were described as molecular predictors of acute ischemic
stroke diagnosis and poor prognosis43–45 and miR-17-5p
was identified as a dysregulated marker during thrombo-
embolic pulmonary hypertension,66 suggesting their po-
tential role as regulators of the atherothrombotic process.

Taken together, studies on APS and non-APS thrombosis
reveal miRNA profiles that may have prognostic relevance
in predicting the risk of thrombosis in APS. However, there
are no data on the implementation of these miRNAs as
biomarkers for thrombosis in clinical care.

Final considerations and conclusion

Over the past years, there has been a notable increase in
studies examining the association between APS manifes-
tations and miRNA expression levels. However, these
studies remain limited. Despite the growing body of evi-
dence implicating miRNAs as biological regulators in the
development and progression of APS and non-aPL medi-
ated thrombosis, their translation into clinical practice as
reliable biomarkers remains elusive.

While circulating miRNAs hold promise as disease-
associated markers due to their stability in most blood
fluids, non-invasive assessment, and regulatory potential,
their measurement remains challenging. Factors such as
sample selection, pre-analytical and analytical variables can
introduce artifacts that impair accurate quantification of
circulating miRNAs, thereby limiting their potential as
reliable biomarkers.49,67 In this review, significant dis-
crepancies were observed among the clinical studies ana-
lyzed regarding the screening and quantification
methodologies for miRNA identification, as well as vari-
ations in miRNA expression due to different sample types.
This may, at least in part, explain the high variability in
identified microRNAs between studies. Another issue is the
heterogeneity of the populations in these studies, many of
which lack detailed information on patient demographics
and clinical characteristics. Given that miRNA expression
could be altered by anticoagulant and immunosuppressive
treatments, such as warfarin, glucocorticoids, and hy-
droxychloroquine, as well as by the co-existence of auto-
immune conditions, as seen in SAPS, the lack of detailed
clinical characterization of patients could be a confounding
factor.68–71 This makes it challenging to determine whether
the observed differences in the expression of circulating
miRNAs in APS are due to the presence of the disease or
influenced by other factors.

Furthermore, as APS is a rare autoimmune disease with a
heterogeneous clinical presentation, it is important that the
sample size is sufficient to distinguish miRNAs

differentially expressed in the disease. The study population
should also comprise patients without other autoimmune
disorders, such as SLE, to avoid bias in the results.31

Despite differences in study methodology, we observed
that consistent findings emerge when a large number of
studies are evaluated together. In this scoping review, we
observed that APS shares common miRNA signatures with
other non-APS thrombotic conditions. This suggests that
miRNA expression profiles hold promise as potential
markers for assessing thrombotic risk in APS. Validation of
an APS-specific pro-thrombotic miRNA signature is es-
sential to improve the accuracy of risk assessment, diag-
nosis, and management strategies for this condition.
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