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The presence of antiphospholipid antibodies (aPL) has been closely related to the development
of thrombosis and complications in pregnancy. However, not all patients with aPL will
develop those clinical features. The exact pathogenic mechanisms leading to thrombosis
and/or pregnancy morbidity are poorly understood. Currently, biomarkers which enable
one to predict the prognosis of patients with positive aPL are not readily available. Current
advances in genomics and proteomics provide the opportunity to discover novel biomarkers
based on changes in concentration levels or post-translational modifications of proteins and
peptides. These techniques are now being applied in various areas of medicine with very
promising results. This review covers recent studies that have used this approach for a
better understanding of the pathogenic mechanisms involved in the development of thrombo-
sis in patients with antiphospholipid syndrome (APS). Although, there are very few qualified
biomarkers that have arisen as a result of efforts in proteomics, it is expected that these
techniques will deliver biomarkers that might ultimately identify different subgroups of
APS patients with various prognoses that might have implications with respect to manage-

ment and prognosis.
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Introduction

Antiphospholipid syndrome (APS) is a disorder
characterized by the association of arterial or
venous thrombosis and/or pregnancy morbidity,
with the presence of antiphospholipid antibodies
(aPL): anticardiolipin antibodies (aCL) and/or
lupus anticoagulant (LA) and/or anti-f3,-glycoprotein
I antibodies (anti-p,GPI).!

Different mechanisms have been proposed to
explain the role of aPL in the development of
thrombosis in APS patients but, to date, the precise
pathogenesis of the prothrombotic state associated
with aPL remains unknown.

Genomic and proteomic studies have proven
quite useful in the identification of pathogenic
mechanisms in a large variety of disorders. Gene
analysis can be completed by studying the much
larger number of proteins encoded by them.
Several proteins can be generated from a single
gene depending on how the genetic information is
read (transcribed) and how the resultant protein is

Correspondence to: Maria J Cuadrado MD, PhD, Lupus Research
Unit, The Rayne Institute, St Thomas” Hospital, London SE1 7EH,
UK. E-mail: mjcuadrado@yahoo.com

© The Author(s), 2010. Reprints and permissions: http://www.sagepub.co.uk/journalsPermissions.nav

modified following translation (post-translational
modification).> Therefore, analysis of messenger
RNA (mRNA) expression alone is insufficient to
determine whether the proteins encoded are
actually synthesized. Proteomics may be able to
compensate for these genomic limitations.

Both genomic and proteomic technologies have
already been applied for a better understanding of
the pathogenic mechanisms in different autoim-
mune diseases.”* From the genetic point of view,
it is known that there is a complex interaction
between the product of various genes, and genomic
analyses can tell us which genes are altered in
different tissues from patients with autoimmune
diseases. Recent genomic and transcriptomic profil-
ing studies have implicated certain cytokines, sur-
face receptors, signalling pathways, and cell types
in the pathogenesis of inflammatory diseases.

The proteomic pattern of peripheral blood
mononuclear cells (PBMCs) has been described in
systemic lupus erythematosus (SLE)® and other
autoimmune diseases.” These studies are providing
solid data about gene and protein expression dereg-
ulation that may help to identify different diseases
and the subset of patients who are at risk of more
severe disease.
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The pathogenic mechanisms leading to thrombosis
in APS patients remain unclear. One of the most
promising findings includes the induction of tissue
factor (TF) expression by endothelial cells and
monocytes.* ' The intracellular mechanisms
underlying the aPL-induced TF gene and protein
expression in endothelial cells and monocytes
have also been described. aPL antibodies induce
TF expression in monocytes from APS patients
by activating, simultaneously and independently,
the phosphorylation of mitogen-activated protein
kinase 1/extracellular signal regulated kinase
(MEK1/ERK) proteins, and the p38 mitogen-
activated protein (MAP) kinase-dependent nuclear
translocation and activation of nuclear factor-xB
(NF-kB/Rel proteins).!!*!?

Genetic factors have been also investigated, but
the heterogeneity in antigen specificity and in the
pathophysiology of thrombosis make it difficult to
determine genetic risk factors associated with the
development of APS. Many candidate genes,
including HLA class II haplotype, have shown a
predisposition towards APS."* A recent genomic
study was carried out in PBMCs of aPL positive
patients in order to search for patterns of gene
expression that can predict the risk for venous
thrombosis in APS patients.'* The authors were
able to describe gene-expression patterns from
patients’ peripheral blood that may predict an indi-
vidual’s predisposition towards developing throm-
bosis. Some of the genes identified in this study
included those encoding apolipoprotein E (ApoE),
factor X and thromboxane, all of them linked to
the pathophysiology of thrombosis. In addition,
other genes were identified in patients with APS
that have thus far not been directly linked to
venous thrombosis, including those encoding for
hypoxia inducible factor (HIF-1lalpha), zinc finger
proteins, matrix metalloproteinase 19 (MMP19),
interleukin 22 (IL22) receptor, and hematopoietic
progenitor cell antigen (CD34) precursor, among
others.

Our group has also addressed the question of
predicting thrombotic risk in APS patients by
using a proteomic approach on purified human
monocytes. Four groups of patients were
included in this study: APS patients with thrombo-
sis, APS patients only with pregnancy morbidity,
who had never had a thrombotic event, patients
with thrombosis but without APS and healthy
donors. The proteins identified as more signifi-
cantly deregulated in the monocytes from patients
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with APS and thrombosis, when compared with the
other three groups, were annexin Al (Al), annexin
A2 (A2), ubiquitin Nedd8, Rho A protein, protein
disulfide isomerase (PDI) and Hsp60. These pro-
teins have been shown to be associated with the
induction of a procoagulant state, as well as
autoimmune-related responses.

Two annexins were found to be upregulated in
monocytes of APS samples: Al and A2. Annexins
are a family of phospholipid- and calcium-binding
proteins that have been implicated in many cellular
processes, including immune responses. Al is
expressed by many different tissues and its levels
are also elevated in other autoimmune diseases,
such as multiple sclerosis, experimental autoim-
mune encephalomyelitis and rheumatoid arthri-
tis.!®!” A recent study has shown that increasing
the expression of Al leads to the constitutive acti-
vation of ERKI1/2 in RAW macrophages.'®
Accordingly, we have found that the upregulation
of Al in APS monocytic cells was accompanied by
the constitutive activation of the MEK/ERK path-
way (unpublished data).

A2, is a receptor for fibrinolytic activation loca-
lized on the cell surface of endothelial cells, mono-
cytes and syncytiotrophoblasts.'” A2 has recently
been directly involved in the pathogenesis of APS.
It has been demonstrated that binding of B>GPI to
human umbilical vein endothelial cells is mediated
by A2.?° Studies have demonstrated that B,GPI
binds to A2 on the surface of endothelial cells.?
Furthermore, thrombosis and TF upregulation
are significantly decreased in A2 deficient mice
in vivo. In that study an anti-A2 antibody amelio-
rated in vitro and in vivo affects aPL antibodies.>'
By functioning as a receptor for B,GPI, A2 is a
target not only for anti-A2 antibodies but also for
anti-B>,GPI antibodies, which are direct inductors
of TF. These data suggest that A2 might constitute
a common receptor for aPL induction of monocyte
activation.

In our studies, ubiquitin-like protein Nedd8 was
significantly increased in monocytes of APS
patients. This protein is involved in the proteolytic
destruction of IkB (inhibitor of NF-xB), which
allows nuclear translocation of free NF-kB, thus
leading to activation of a multitude of target
genes.” In monocytes and endothelial cells from
APS, a constitutive activation of NF-kB has been
described, which was further related to an
aPL-induced TF expression found in these
patients.®**

APS patients with thrombosis also showed a
significant increase in the expression of Rho A
proteins when compared with the remaining
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analysed groups. Rho A proteins play critical roles ~ was found to be lower than in the other study
in inflammatory signal transduction cascades, such  groups. Recent studies have suggested that the
as those required for the activity of NF-xB.>> In  absence of — or a significant decrease in — maternal
addition, it has been demonstrated that inhibition  fibrinogen is sufficient to cause rupture of vascula-
of Rho/Rho kinase proteins downregulates the syn-  ture, affecting embryonic trophoblast infiltration
thesis of TF by cultured human monocytes, and and leading to haemorrhagic miscarriage.>
that statins suppress the synthesis of TF by inhibi-  Deficiencies of fibrinogen during gestation may
tion of Rho activity.”® Rho A proteins may be lead to abnormal growth of foetus or abortion.
directly involved in monocyte APS activation. Similarly, a recent study has demonstrated the

Protein disulphide isomerase (PDI) is associated  increased gene expression of haemoglobin in
with TF on the cell surface when coagulant activity ~ patients with recurrent spontaneous abortions.”'
is low and TF-VIIa signalling is enabled. PDI  The altered expression of these proteins might be
expression reduction was associated with a  helpful in understanding the molecular mechanisms
two-fold increase of TF procoagulant activity.”’ It  underlying pregnancy morbidity in APS patients.
has been demonstrated that overexpression of PDI  However, these results have to be taken with cau-
suppresses NF-kB-dependent transcriptional activ-  tion since only nine patients with APS and obstetric
ity.” As the aberrant activation of the NF-kB sig-  complications were included in this study.
nalling pathway is likely to contribute to the Table 1 summarizes some of the genomic and
development of APS, the decrease expression of  proteomic markers of thrombotic risk in APS
this protein might be related to the constitutive  described to date.
activation of this transcription factor in the APS.

Finally, the heat shock protein 60 (Hsp60) was
found downregulated in monocytes from APS
patients: Hsp60 is present in the blood during Summary
inflammation, and has been found to be a target
of autoantibodies and autoimmune T-cells in  The application of proteomic techniques to APS
healthy individuals, as well as those suffering patients’ monocytes has led one to identify an
from autoimmune diseases.” altered expression of proteins. This abnormal

The identification of two proteins (fibrinogen  expression might be directly related to the patho-
and haemoglobin) that might be related to the  genic mechanisms of APS.
aetiology of recurrent pregnancy loss of the APS Although some results have still to be confirmed
patients should also be mentioned.'> The expres- in larger studies, the use of proteomic biomarkers
sion levels of fibrinogen in APS without thrombosis  might be a useful tool to identify different
Table 1 Genomic and proteomic markers of thrombotic risk in antiphospholipid syndrome (APS). Some examples of genes are
given. See cited references for a complete list of genes and proteins identified
Genes/proteins associated with thrombosis in APS

Technique utilized Change  References
Gene Protein Accession
Pattern of 50 genes expressed in PBMCs that predict thrombotic risk in APS patients DNA microarrays Potti et al.**
PTGIR Prostacyclin receptor D38127 Down
MMPI9 Matrix Metalloproteinase-19 U89651 Down
FI0 Coagulation factor X L00390 Down
HSPCA Heat Shock Protein-90 M27024 Down
APOE Apolipoprotein E M10065 Down
PDIA6 Protein Disulfide Isomerase a6 Q15084 Down
REQ Zinc-finger Protein UBI-D4 U43920 Down
HIFIA Hypoxia-inducible Factor 1 a AF050127 Down
IL22RAI Interleukin 22 Receptor Q8N6P7 Down
Proteins differentially expressed in blood monocytes from APS with thrombosis patients 2DE-MALDI TOF Lopez-Pedrera er al."
Annexin 1 P04083 Up
Annexin 2 P07355 Up
Ubiquitin-like protein nedd8 Q15843 Up
Transforming protein RhoA P61586 Up
Protein disulfide isomerase P07237 Down
Lupus
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subgroups of APS patients with different prognoses
and might lead to different therapeutic decisions.
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