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Genomics and proteomics: a new approach for assessing
thrombotic risk in autoimmune diseases
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Several systemic autoimmune conditions, including rheumatoid arthritis, systemic lupus erythema-
tosus and antiphospholipid syndrome, are characterised by enhanced atherosclerosis and, conse-
quently, higher cardiovascular morbidity and mortality rates. The association of these diseases with
atherosclerosis suggests a common pathogenic mechanism. Genomic and proteomic studies per-
formed on atherosclerotic plaques have further confirmed the presence of a gene and protein profile
similar to that observed in autoimmune diseases with cardiovascular risks. Human sera and body
fluids have been analysed and have resulted in the identification of auto-antibodies that can be used
as diagnostic markers in specific autoimmune diseases, and proteomic fingerprints of blood cells,
tissues and body fluids have resulted in the identification of individual proteins or patterns of pro-
tein expression that are deregulated. The information provided by these proteomic studies is of
diagnostic and therapeutic potential. In this review, we discuss new approaches available for asses-
sing thrombotic risk in autoimmune diseases, focusing in the genomic and proteomic methods now
available to deep into the origin of the mechanisms associated with vascular involvement in sys-
temic autoimmune diseases. The increasing data available suggests that when treating patients with
these autoimmune disorders, paying attention to the increased risk of cardiovascular disease is
essential. Lupus (2008) 17, 904–915.
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Introduction

Autoimmune diseases are a heterogeneous group of
disorders characterised by humoral, cell-mediated
immune responses against various self-constituents.
It is widely known that autoimmune diseases are the
result of interaction between predisposing genetic fac-
tors, dysregulation of the immune system and environ-
mental triggering factors.1

Several systemic autoimmune conditions, including
rheumatoid arthritis (RA), systemic lupus erythema-
tosus (SLE) and antiphospholipid syndrome (APS),
are characterised by enhanced atherosclerosis, and
consequently higher cardiovascular morbidity and
mortality rates. The development of cardiovascular
disease involves genetic factors as well as other
acquired and modifiable risk factors (e.g., hypercho-
lesterolemia, diabetes mellitus and hypertension).

Inflammatory components of the immune response,
as well as autoimmune elements (e.g., autoantibodies,
autoantigens and autoreactive lymphocytes) seem to
be also involved in these processes.2

Atherosclerosis is a pathologic process affecting
arterial walls. It is characterised by the accumulation
of lipid particles and cells of the immune system in
subendothelial regions, leading to narrowing of the
arterial lumen and, following plaque rupture, to
thrombosis. Many factors leading to accelerated ath-
erosclerosis and other types of vasculopathy have been
characterised. In general, combinations of traditional
and non-traditional risk factors, including dysplipide-
mia, inflammation, antiphospholipid antibodies
(aPLs) and lipid oxidation, contribute to cardiovascu-
lar disease (CVD) in autoimmune diseases. The exact
nature of underlying vascular pathology causing CVD
is not clear, but is likely to be related to atherothrom-
bosis and increased prevalence of atherosclerotic pla-
ques in many if not most cases. Furthermore, CVD
such as stroke or myocardial infarction (MI) is related
more to plate rupture and atherothrombosis than to a
passive thickening of the vessel wall.

Lupus (2008) 17, 904–915

http://lup.sagepub.com

© 2008 SAGE Publications Los Angeles, London, New Delhi and Singapore 10.1177/0961203308095285

Correspondence to: Chary López-Pedrera, MSc, PhD, Unidad de
Investigación, Hospital Universitario Reina Sofía, Avda. Menéndez
Pidal s/n, E-14004 Cordoba, Spain.
Email: rosario.lopez.exts@juntadeandalucia.es
Received 28 February 2008; accepted 5 May 2008

 at UNIV OF CO HEALTH SCIENCE CTR on March 30, 2015lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


Typical of atherosclerotic lesions prone to rupture
is an activated immune response with increased
expression of proinflammatory cytokines such as
tumour necrosis factor alpha (TNFα) and interferon-
gamma (IFNγ).3

Analysis of blood samples from patients suffering
from autoimmune diseases remains a mainstay in the
clinic for initial diagnosis, prognosis and clinical deci-
sion making. In particular, testing for the presence of
serum autoantibodies has proved to be one of the
most useful confirmatory assays for many different
diseases. From the genetic standpoint, it is known
that in the case of autoimmune diseases there is a com-
plex interaction between the product of various genes,
and genomic high-throughput analyses can tell us
which genes are turned on or off in different tissues
from patients with autoimmune diseases. Recent
genomic and transcriptomic profiling studies have
implicated certain cytokines, surface receptors, signal-
ling pathways and cell types in the pathogenesis of
inflammatory diseases.4 However, analysis of messen-
ger RNA (mRNA) expression alone is insufficient to
determine whether the proteins encoded are actually
synthesised. Proteomics, namely the large-scale study
of the expression, function and interaction between

proteins, made possible by new technologies, may be
able to compensate for this limitation of genomics.
Therefore, the next obvious step is to delve into the
much more complex level that follows the genome
and transcriptome – the expressed proteome.

Human sera and body fluids have been analysed
and have resulted in the identification of autoantibo-
dies that can be used as diagnostic markers in specific
autoimmune diseases, and proteomic fingerprints of
blood cells, tissues and body fluids have resulted in
the identification of individual proteins or patterns
of protein expression that are deregulated in autoim-
mune diseases.5 The information provided by these
proteomic studies are of diagnostic and therapeutic
potential.

In this article, we discuss new approaches available
for assessing thrombotic risk in autoimmune diseases,
focusing our review in the genomic and proteomic
methods now available to deep into the origin of the
mechanisms associated with vascular involvement in
systemic autoimmune diseases. The nature and
mechanisms of atherosclerosis and CVD in these
autoimmune diseases will be also discussed herein
(Figure 1).

Figure 1 Common and unique mechanisms that lead to atherogenesis and CVD in RA, SLE and APS. CRP: C-reactive protein;
TNF: tumour necrosis factor; ILs: interleukins; vWF: von willebrand factor; PAI-1: plasminogen activator inhibitor type I; VCAM-1:
vascular cell adhesion molecule-I; ICAM-1: intercellular adhesion molecule-I; MHCII: major histocompatibility complex type II; ECs:
endothelial cells; TF: tissue factor; IFN-I: type I interferon; EPCs: endothelial progenitor cells; aPL: antiphospholipid antibodies.
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Atherosclerosis and cardiovascular disease in
RA, SLE and APS

RA is a heterogeneous autoimmune disease in terms
of disease manifestations, clinical outcomes and ther-
apeutic responses. Large epidemiological studies
showed that one of the most important causes of
death in patients with RA is CVD. Thus, the presence
of RA is associated with an increased risk of the occur-
rence of stable angina, MI, heart failure and stroke.6,7

Recent reports showed the involvement of inflam-
mation mediators (i.e., high-sensitivity C-reactive pro-
tein – CRP-, interleukin-1 -IL-1-, IL-6 and TNFα) in
connection with prothrombotic factors (including
haptoglobin, von Willebrand factor and tissue-
plasminogen activator inhibitor) and biomarkers of
endothelial dysfunction (i.e., rheumatoid factor titres,
vascular cell adhesionmolecule [VCAM]-1, intercellu-
lar adhesion molecule [ICAM]-1 and endothelial leu-
cocyte adhesion molecule [ELAM]-1) in the develop-
ment of CVD in patients with RA.8,9 This association
has significant clinical implications for therapy
because many of the drugs used in the symptomatic
treatment of RA, such as non-steroidal anti-
inflammatory drugs and the cyclooxygenase (COX)-
2-specific inhibitors, affect mediators of both inflam-
mation and thrombosis.10

Among the immunologic factors that are shared by
the pathogenic processes of atherosclerosis and RA, a
particular subset of CD4+ T cells that lack surface
expression of CD28 (CD4+CD28−) have been recently
found to be involved.11 These CD4+CD28− T cells are
probably stimulated to expand by endothelial autoan-
tigens and are found in increased numbers in the
peripheral blood of patients with RA.12 Furthermore,
they infiltrate atherosclerotic plaques and display
proinflammatory and tissue-damaging effects that
promote vascular injury.13

In addition, the MHCII transactivator gene was
recently found to be associated with differential
expression of major histocompatibility complex
(MHC) molecules and susceptibility to RA and
MI.14

There are only scarce data in the literature regard-
ing the benefit of cardiovascular-risk reduction thera-
pies in this group. Thus, further studies are required
for the refinement of the cardiovascular risk stratifica-
tion algorithms and for the improvement of the car-
diovascular risk management in RA.

SLE is a complex multisystem inflammatory dis-
ease caused by autoimmune dysregulation, which
mainly affects young women.15 In individuals with
SLE, the prevalence of CVD ranges from 6 to 10%,
and the risk of developing CVD are 4–8 times higher

than in the normal population. Moreover, acute MI is
reported as a cause of death in 3–25% of individuals
with SLE.

Older age at the time of diagnosis seems to be the
major determinant of atherosclerosis in SLE. In addi-
tion, the number of traditional cardiovascular risk fac-
tors, such as hyperlipidemia, smoking, obesity, hyper-
tension, diabetes mellitus, postmenopausal status and
sedentary lifestyle, is also higher in patients with SLE
than in age- and sex-matched healthy subjects.16 In
addition, other non-traditional risk factors associated
with the autoimmune-inflammatory pathogenesis of
the disease or with immunosuppressive therapy must
also be taken into account. Among these factors, lon-
ger disease duration, elevated homocysteine concen-
trations and cumulative corticosteroid dose seem to
be the major predictors of clinical development and
progression of atherosclerosis in lupus.17–20 Addi-
tional novel risk factors, which are involved in the
autoimmune-inflammatory events undergoing SLE,
include CRP, fibrinogen, IL-6, co-stimulatory mole-
cules (CD40/CD40L), adhesion molecules, aPLs,
including anti-cardiolipin (aCL) and anti-β2 glycopro-
tein I (anti-β2GPI), anti-oxidised LDL (anti-oxLDL),
anti-oxidised palmitoyl arachidonoyl phosphocholine
(anti-oxPAPC), and anti-hsp antibodies, lipoprotein
(a) [Lp(a)] and HDL.7,11,18,19,21

An additional mechanism for the predisposition of
these individuals to premature vascular disease,
heightened thrombogenicity and the development of
cell-mediated and humoral-immune responses was
also indicated by a study by Rajagopalan, et al.22
That study showed that young female subjects with
SLE had high levels of circulating apoptotic endothe-
lial cells (ECs), which strongly correlated with levels of
circulating tissue factor (TF), the major procoagulant
in vivo, thus providing a potential link between endo-
thelial apoptosis, thrombosis and abnormal endothe-
lial tone, with its implications for atherothrombotic
events in SLE.

However, SLE itself has been determined to be an
independent risk factor for endothelial dysfunction.
Recent studies have shown that the availability of
endothelial progenitor cells (EPCs) to repair the
injured vessels may be a critical determinant in the
development of atherosclerosis, of which endothelial
damage is thought to be an initiating factor. Rapidly
mobilised in response to ischemia and vessel damage,
EPCs home to sites of injury and actively participate
in neovascularisation.23,24 In that way, a very recent
study has showed that elevated levels of type I inter-
ferons (IFN-I, cytokines that exert potent antiproli-
ferative and antiangiogenic effects, and whose ele-
vated levels in serum SLE are associated with active
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disease and positivity for certain autoantibodies)
could lead to endothelial dysfunction by causing a
reduction in the number of EPCs, thus contributing
to the increased cardiovascular risk seen in SLE.25

APS is a systemic autoimmune disease charac-
terised by thrombosis and pregnancy morbidity asso-
ciated with the persistent presence of aPL: aCL and/or
lupus anticoagulant (LA). These antibodies are
directed against protein antigens that bind to anionic
phospholipids, such as β2GPI and prothrombin.26
Thrombosis is the major manifestation in patients
with APS, but the spectrum of symptoms and signs
associated with aPL has considerably broadened,
and other manifestations such as thrombocytopenia,
non-thrombotic neurological syndromes, psychiatric
manifestations, livedo reticularis, skin ulcers, haemo-
lytic anaemia, pulmonary hypertension, cardiac valve
abnormality and atherosclerosis have also been
related to the presence of those antibodies.27

A number of mechanisms have been proposed to
explain the thrombotic tendency of patients with
aPL. Procoagulant cell activation, accompanied with
TF expression and TF pathway upregulation, is one
of the key events considered explaining the pathophys-
iology of thrombosis in patients with APS. Previous
studies showed elevated plasma levels of soluble TF in
patients with APS,28,29 and thereafter we reported that
monocytes prepared from patients with APS had high
TF expression.30–32 At a molecular level, the signal
transduction mechanisms induced by aPL have been
recently explored. Dunoyer-Geindre, et al.33 pre-
sented an indirect but essential role of NFκB in EC
activation by aPL. This nuclear translocation of
NFκB could explain the increased expression of TF
by ECs. We recently showed that aPL induced TF in
monocytes from patients with APS by activating,
simultaneously and independently, the phosphoryla-
tion of MEK-1/ERK protein and the p38 MAP
kinase-dependent nuclear translocation and activation
of NFκB/Rel proteins.34 Similar results have been
reported by Vega Ostertag,35 suggesting that aPL
induces activation of p38 MAPK in platelets, and by
Bohgaki,36 which showed the p38MAPK phosphory-
lation and NFκB activation in a monocytic cell line in
response to aPL/β2GPI treatment.

Accordingly, a parallel study performed in ECs
with the aim of studying the intracellular mechanisms
involved in the up-regulation of TF induced by aPL,
concluded that aPL induces significant increases in TF
transcription, function, and expression, in IL6 and
IL8 up-regulation, and in inducible nitric oxide syn-
tase (iNOS) expression on HUVECs and that these
processes involve phosphorylation of p38 MAPK
and activation of NFκB.37 More recently, two

in-vivo studies aimed to delineate the role of both
p38 MAPK and NFκB on the thrombogenic proper-
ties of aPLs, have shown that prothrombotic and
proinflammatory effects induced by these autoantibo-
dies in mice, in terms of monocyte adhesion to EC, TF
activity, thrombus size, or platelet aggregation,
among others, are regulated by those intracellular
pathways.38,39

Previous reports indicate a close relationship
between TF and vascular permeability factor/vascular
endothelial growth factor (VPF/VEGF), a family of
proteins involved in normal vascular development
and in important pathologies including cancer, wound
healing and inflammation.40–42 The VPF/VEGF pro-
teins are widely regarded as the most relevant proteins
involved in the development of the vasculature. Previ-
ous studies had reported increased plasma levels of
VEGF in patients with APS.43 In a recent study,44 we
analysed the VEGF and Flt-1 expression levels in
monocytes of patients with APS, the molecular
mechanisms involved in their aPL-induced expression
and their association with the elevated TF expression
found in these patients. Our data primarily showed that
monocytes from patients with APS expressed increased
levels of both VEGF and Flt-1 in comparison with
monocytes from healthy donors. Furthermore, in-
vitro results indicated that this cytokine was produced
by monocytes when treated with aPL, and that the p38
MAPK signalling pathway played an important role.
Thus, VEGF might act as a regulatory factor in aPL-
mediated monocyte activation and TF expression,
thereby contributing to the proinflammatory–pro-
thrombotic phenotype of patients with APS.

A number of studies indicated that aPL also trigger
an inflammatory cascade.7,19 In addition, aPL has
been associated with atherosclerosis, as well as CVD,
cerebrovascular and peripheral arterial diseases.45,46
Recent studies have showed that non-traditional risk
factors are involved in APS-associated atherogenesis.
For example, as described above, aPLmay cross-react
with ox-LDL, and both aPL and anti-oxLDL antibo-
dies have been implicated in the pathogenesis of ath-
erosclerosis associated with SLE and APS: It has been
shown that aPL, in particular anti-β2GPI antibodies,
can accelerate the influx of oxLDL into
macrophages.47 Other autoantibodies, such as anti-
HDL and anti-apolipoprotein A-I, have also been
detected in APS. The β2GPI cofactor has been further
detected in the wall of large arteries in the vicinity of
CD4+ T-cell infiltrates. This support the assumption
that β2GPI may serve as a target for autoimmune
reaction that could promote lesion progression.48 In
addition, macrophages and ECs bind to β2GPI during
the atherosclerotic process. Anticardiolipin antibodies

Assessing thrombotic risk using genomics and proteomics
C López-Pedrera et al.

907

Lupus

 at UNIV OF CO HEALTH SCIENCE CTR on March 30, 2015lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


can induce monocyte adherence to ECs, which is
mediated by adhesion molecules such as ICAM-1,
VCAM-1 and E-selectin. Thus, aCL promote athero-
sclerosis by attracting monocytes into the vessel wall.
Moreover, various studies have shown correlation
between serum levels of aCL and anti-β2GPI antibo-
dies and the incidence and severity of acute coronary
syndrome, MI and stroke.49–51 These phenomena are
the most pronounced in lupus-associated APS, where
traditional and non-traditional risk factors are multi-
plied and atherosclerosis occurs more prematurely.

Regarding clinical and diagnostic aspects of APS-
associated atherosclerosis, early endothelial dysfunc-
tion and increased carotic intimal-medial tickness
(ccIMT) have been observed in APS.3 Again, there is
difference between primary and SLE-associated APS
in this context because higher number and earlier
development of carotid plaques were observed in
SLE-associated APS in comparison with primary
APS.

The contribution of TF to a prothrombotic state in
the APS has provided a renewed focus on antithrom-
botic therapies in current use, including the oral antic-
oagulation and more recently the use of statins. The
3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA)
reductase inhibitors or statins are potent inhibitors of
cholesterol synthesis in themevalonate pathway.How-
ever, their beneficial effects are only partially explained
by their ability to lower cholesterol levels. A number of
recent publications have reported the pleiotropic
effects of statins on cultured ECs, platelets, mono-
cytes/macrophages and in-vivo models and human
studies of several cardiovascular diseases.52–54 Their
effects include decreasing the expression of adhesion
molecules in monocytes and leukocyte–endotelial
interactions, inhibiting platelet function and inhibiting
TF expression by mononuclear cells, down-regulating
inflammatory cytokines in ECs and increasing fibrino-
lytic activity and immunomodulation by decreasing
the expression of class II MHC antigens.55–57 Never-
theless, because of the existence of several discrepant
results in different studies, experts in that field agree
that clinical trials are still needed to validate all that
experimental data before statins are used in the treat-
ment of thrombosis in patients with APS.

Proteomic and genomic technologies applied to
the study of autoimmune diseases

Systemic autoimmune rheumatic diseases are of com-
plex aetiology, characterised by an intricate interplay
of various factors. A myriad of genes lies behind the
heterogeneous manifestations of these diseases, and
the over expression and repression of particular

genes form a specific gene expression profile (GEP)
(genetic fingerprints) that is characteristic to the
given disease phenotype. Besides the description of
various cell types by using gene expression profiling,
the data should be directly applicable to the design of
individual therapeutic protocols for patients suffering
from various autoimmune diseases.58 From the
genetic standpoint, it is known that in the case of auto-
immune diseases there is a complex interaction
between the products of various genes, and genomic
high-throughput analyses can tell us which genes are
turned on or off in different tissues from patients with
autoimmune diseases. However, analysis of mRNA
expression alone is insufficient to determine whether
the proteins encoded are actually synthesised. Proteo-
mics, namely the large-scale study of the expression,
function and interaction between proteins, made pos-
sible by new technologies, may be able to compensate
for this limitation of genomics.1 Actually, it is believed
that a combination of the genomic and proteomic
approach has great potential to shed light on the
molecular basis of autoimmune diseases.

Methodological aspects of genomic and proteomic
technologies

Quantitative information on the expression of one
gene or a small number of genes can be obtained by
measuring mRNA levels using northern blot, reverse
transcription–polymerase chain reaction (RT-PCR)
or dot-blot methods, and the location of a given
mRNA within a cell can be determined by in situ
hybridisation. Until now, most studies of gene expres-
sion used these methods, which are unable to investi-
gate many genes simultaneously and, therefore, to
provide a global picture of a disease process.59–61 To
overcome this limitation, DNA chips have been devel-
oped for analysing the transcriptome, defined as the
thousands of mRNAs expressed at a time in a cell or
tissue, under normal or abnormal conditions.62 With
DNA arrays, a single experiment both identifies all
expressed genes and indicates the level of gene expres-
sion, opening up areas of research that were not acces-
sible to the one-gene-at-a-time approach.

The development of differential proteomics has
allowed the identification of novel proteins whose
association with the genesis of systemic autoimmune
diseases is at present unforeseen in the light of avail-
able data. Differential proteomics can be defined as a
qualitative and quantitative comparison of proteomes
characterising various experimental or (patho-)physi-
ological conditions.63 Differential proteomic methods
consist of separating polypeptide species based on
their physical and chemical properties for subsequent
evaluation of their relative abundance, comparing two
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or more experimental conditions. In brief, the differ-
ent steps of the proteomics approaches comprise pro-
tein/peptide separation methods, their detection and
quantification, and a bioinformatics analysis poten-
tially leading to final identification. Proteins can be
separated either by electrophoresis (one or two-
dimensions) or directly by mass spectrometry
(MS).64,65 Detection methods for proteins use non-
specific protein staining such as Comassie blue, silver
staining or fluorescent stains. Quantification is per-
formed either by densitometry or using fluorescence
detectors, the spot intensity being considered to be
proportional to the quantity of protein present. For
MS analysis of proteins, the relative intensity of the
peaks of interest is used for quantification. Other strat-
egies for differential proteomics can be used, consist-
ing of direct quantification of peptides by MS (ICAT;
isotope-coded affinity tag) or MS-MS (iTRAQ; iso-
baric tag for relative and absolute quantitation)
(Applied Biosystems).66

In the last years, proteomic technologies have
enabled the profiling of autoantibody responses
using biological fluids derived from patients with
autoimmune diseases.67 They have provided a power-
ful tool to characterise autoreactive B-cell responses in
diseases including RA and SLE. In that way, autoan-
tibody profiling may serve purposes including classifi-
cation of individual patients and subset of patients
based on their ‘autoantibody fingerprint’, examina-
tion of epitope spreading and antibody isotype

usage, discovery and characterisation of candidate
autoantigens, and tailoring antigen-specific therapy.

Proteomics and genomics in RA

Because RA is a heterogeneous autoimmune disease
in terms of disease manifestations, clinical outcomes,
and therapeutic responses, various studies have devel-
oped and applied novel antigen microarray technol-
ogy to identify distinct serum antibody profiles in
patients with RA (Table 1). These studies have pro-
vided diagnostic information, allowing stratification
of patients with early RA into clinically relevant dis-
ease subsets.68 More recently, proteomic analysis of
secreted proteins in early RA, by using arthritis anti-
gen microarrays and multiplex cytokine assays, have
showed that increased blood levels of proinflamma-
tory cytokines (such as TNFα, IL1β, IL6, IL13, IL15
and granulocyte macrophage colony-stimulating fac-
tor) are associated with autoantibody targeting of
citrullinated antigens and surrogatemarkers of disease
activity in patients with early RA.69

With the aim of identifying a panel of candidate
protein biomarkers of RA that can predict which
patients will develop erosive disabling disease, several
studies have been performed. Those studies, devel-
oped on synovial fluid and serum from patients with
RA, allowed the identification of some candidate pro-
teins biomarkers that play defined roles in inflamma-
tion processes. These candidates included some
secreted proteins such as the CRP, a set of proteins

Table 1 Genomic and proteomic technologies applied to the study of autoimmune diseases

Autoimmune disease
Genomic or proteomic study
developed Disease-associated molecular patterns found Main references

Rheumatoid arthritis
(RA)

Antibody profile in serum
(microarray technology)

Identification of antibody clusters that distinguish clinically relevant
disease subsets.

Hueber, et al.61

Proteomic analysis in serum (antigen
and cytokine arrays)

Increased levels of inflammatory cytokines associated with markers
of disease activity

Hueber, et al.62

Proteomic analysis in synovial fluid
(mass spectrometry)

Identification of signalling and metabolic proteins involved in
inflammation

Liao, et al.63

Kim, et al.64

Genomic analysis in PBMCs
(oligonucleotide arrays)

Identification of differentially regulated genes (i.e., chemokines,
proteases, cytokines…) helpful in early diagnosis and treatment

Edwards, et al.65

Proteomic analysis in PBMCs (2D-E
and MS)

Identification of proteins involved in inflammation and
autoimmune disease (i.e., fibrinogen, Hsp60…)

Dotzlaw, et al.66

Schulz, et al.67

Systemic lupus
erythematosus
(SLE)

Genomic analysis in PBMCs
(microarray technology)

Dysregulation of genes coding for inflammatory cytokines and
chemokines, and genes related to immune response, cell cycle,
signal transduction…

Over expression of IFN-related genes associated with the disease
activity levels.

Qing, et al.72

Mandel, et al.73

Baechler, et al.77

Nikpour, et al.79

Proteomic analysis in serum
(proteome arrays)

Altered expression of proteins inducible by type I IFN, whose levels
correlated with disease activity.

Bauer, et al.81

Proteomic analysis in glomerulus’s
(proteome arrays)

Detection of antibody clusters that predict disease activity Li, et al.82

Antiphospholipid
syndrome (APS)

Genomic analysis in PBMCs
(microarray technology)

Altered patterns of genes involved in both, innate immune response
and thrombosis (i.e., apoH and MEKK1)

Potti, et al.86

Proteomic analysis in purified
monocytes (2D-E and MS)

Altered expression of proteins associated with thrombosis (i.e.,
annexin II, PDI, RhoA…) and immune related responses

Cuadrado, et al.85

Abbreviations: PBMCs, peripheral blood mononuclear cells; 2D-E, two-dimensional electrophoresis; MS, mass spectrometry; IFN, interferon.
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of the S100 family, as well as some intracellular mole-
cules such as 14-3-3 and RhoGDI2, which are linked
to signalling pathways.70 A second group of proteins
associated with a number of metabolic alterations
leading to inflammatory arthritis, such as adipocyte
fatty acid binding protein, gelectin-1 and apolipopro-
tein A1 precursor were found further overexpressed in
RA synovium.71 However, those studies have several
limitations, mainly derived from the small sample size
used, because of the invasive nature of the techniques
needed to obtain the synovial tissue or fluid.

The blood compartment is easily accessible to
proteomic analysis to discover biomarkers that could
be used in prognosis and diagnosis or to evaluate the
efficiency of a treatment in a particular disease. Blood
may reflect directly or indirectly a pathological state
and the proteome of circulating cells or of plasmamay
be modified accordingly. To identify RA disease–
related genes, a recent study performed a global gene
expression analysis in peripheral blood mononuclear
cells (PBMCs) by using oligonucleotide arrays.72
These studies allowed the identification of differen-
tially regulated genes belonging to diverse functional
classes, and include genes involved in calcium binding,
chaperones, cytokines, transcription, translation, sig-
nal transduction, extracellular matrix, and integral to
plasma membrane, integral to intracellular mem-
brane, mitochondrial, ribosomal, structural, enzymes
and proteases. Thus, analysis of RA PBMCs at the
molecular level may provide a set of candidate genes
that could yield an easily accessible gene signature to
aid in early diagnosis and treatment.

Subsequent studies have been performed to test
whether proteomic approaches could be used to iden-
tify an overall pattern of differentially expressed pro-
teins in PBMCs. Among them, a study performed by
Dotzlaw, et al.73 resulted in the identification of a pat-
tern of 29 differentially expressed proteins that is char-
acteristic for the PMBCs of the patients with RA com-
pared with the healthy individuals. Some of these
proteins have been shown to play a potential role in
autoimmune disease, including fibrinogen gamma (an
activator of chemokine production and induction of
ICAM1 expression in human synovial fibroblasts),
heterogeneous ribonucleoprotein K (which may have
an indirect effect in RAby regulating the expression of
the CD43 gene, which is known to play a critical role
in leukocyte activation and adhesion), the HSPA5
precursor (an autoantigen in RA) or the chaperone
Hsp60 (which contribute to the suppression of arthri-
tis by the stimulation of regulatory suppressive T-cell
activity).

A parallel study, by using proteome analysis of
PBMCs from 32 patients with RA, showed the expres-

sion of 16 protein spots that are deregulated in
patients with RA and, using peptide mass fingerprint-
ing andWestern blot analyses, identified these spots as
factors that have been shown to be autoantigens in
autoimmune diseases.74

Proteomics and genomics in SLE

SLE is a systemic autoimmune disease with a complex
pathogenesis involving multiple genetic and environ-
mental factors. The typical immune abnormalities in
SLE results in the ability to produce pathogenic auto-
antibodies (i.e., double-stranded DNA, chromatin,
small nuclear ribonucleoproteins and antibodies to
negatively charged phospholipids, as well as IgG and
IgM autoantibody clusters specific for collagensDNA
and histones, among others, etc.), impaired T- and
B-lymphocyte regulation and defective clearance of
autoantigens and immune complexes.75–77

DNA microarray technology has recently been
applied to unravel some of this complexity through
genome wide profiling. Early studies using microarray
analysis of PBMCs from patients with SLE showed
deregulation of inflammatory cytokines, chemokines
and immune response-related genes, as well as genes
involved in apoptosis, adhesion, signal transduction
and the cell cycle.78–80 Recent profiling meta-analysis
have further showed that patients with SLE or RA
share gene modulation, as for other autoimmune dis-
eases, but also present genes whose expression pat-
terns are exclusive (induced or repressed) in corrobo-
ration with their clinical features.81 That data suggest
that the study of the gene expression profiling might
permit a clearer understanding of the molecular basis
of concordance/divergence among different autoim-
mune diseases.

Several studies have previously pointed a possible
role of IFN in the pathogenesis of SLE.82,83 In that
way, gene expression analysis performed by different
groups, by using microarray technology, provided
strong evidence that IFN-related genes are over-
expressed in patients with SLE. In addition, the
majority of the up-regulated IFN-related genes also
corresponded to genes expressed in healthy subjects’
PBMC cultures incubated with IFNα in vitro. Strik-
ingly, the expression of a subset of these IFN- and
granulopoiesis-related genes correlated better with dis-
ease activity than with the level of anti-dsDNA anti-
bodies. Moreover, patients with higher expression of
IFN-related genes had significantly more severe clini-
cal manifestations involving the kidneys, haemato-
poietic cells and central nervous system. Furthermore,
over-expression of IFN signature genes could be nor-
malised by glucocorticoid treatment.84,85 Taken
together, all that data support the hypothesis that:
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1) IFN signalling pathway is crucial for SLE progres-
sion and 2) molecules in the IFN pathway could serve
as promising targets for novel therapeutic approaches.
In that way, a very recent study has shown that the
study of peripheral blood GEP in SLE allows patients
to be categorised into two groups based on a high or
low IFN gene signature: disease activity using the SLE
disease activity index 2000 (SLEDAI-2K) is correlated
with the high IFN gene signature, indicating that GEP
may be a useful biomarker of disease activity in this
autoimmune condition.86 In addition, specific IFN
functional variants responsible for the disease have
been reported, showing that risk of SLE is strongly
associated with a common single-nucleotide polymor-
phism (SNP) in IFN regulatory factor 5 (IRF5), and
that this variant altered the splicing in a way that
might provide a functional explanation for the repro-
ducible association to SLE risk.87 Moreover, the
downstream effects of IFN pathway activation have
been analysed. Bauer, et al.88 recently performed a
comprehensive survey of the serologic proteome in
human SLE and identified dysregulated levels of
30 cytokines, chemokines, growth factors and soluble
receptors. They found a highly coordinated up-
regulation of 12 inflammatory and/or homeostatic
chemokines (molecules that direct the movement of
leucocytes in the body), which were mostly inducible
by type I IFN. Moreover, their levels correlated
strongly with clinical and laboratory measures of dis-
ease activity.

Glomerular proteome arrays have further allowed
the identification of autoantibody clusters that predict
lupus disease activity.89 Finally, although to date any
proteomic survey has evaluated the global protein pro-
file of PBMCs in patients with SLE, some studies have
analysed the defective expression in blood cells of key
signalling proteins, such as Ras guanyl nucleotide–
releasing protein 1 (an intracellular signalling protein
essential for the final stages of T-cell development and
also implicated in B-cell proliferation and develop-
ment), and its close relationship with the development
of autoimmunity in patients with SLE.90

Currently there are no validated and widely
accepted molecular biomarkers that can predict SLE
outcome. Nevertheless, gene and protein expression
arrays may enable to predict clinical outcome, vali-
date biological markers for disease flare and remis-
sion, identify patients prone to respond better to treat-
ment and lead to development of targeted immune-
modulating treatments.

Proteomics and genomics in APS

Several mechanisms may contribute to thrombotic
manifestations for the APS. Among these, activation

ofmonocytic cells with attendant loss of anticoagulant
and gain of procoagulant functions is likely to be
important. Previous studies have showed that mono-
cytes are mainly involved in the thrombotic state char-
acteristic of most patients with APS.26,30,91 However,
to date, no study has evaluated the changes in the
proteomic patterns that could underlie the pathogenic
mechanisms associated with thrombosis in this auto-
immune disease.

With the aim of testing the changes in the proteo-
mic patterns of monocytic cells that could underlie the
pathogenic mechanisms associated with thrombosis in
this autoimmune disease, our group has performed
proteomic studies in monocytes from 55 patients
with APS. These studies allowed the identification of
critical proteins that might be involved in the patho-
genesis of the disease. Among them, the proteins iden-
tified as more significantly altered between the mono-
cytes from APS patients with thrombosis, and those
with APS but without thrombosis, patients with
thrombosis but without APS and healthy donors,
were the following: Annexin I, Annexin II, protein
disulfide isomerase (PDI), Ubiquitin Nedd8, Rho A
protein and Hsp60. These proteins were functionally
related to processes mainly associated with the induc-
tion of a procoagulant state, as well as autoimmune-
related responses. Taken together, our data suggested
that pathological changes in APS may be reflected in
proteomic patterns in cells, and thus identification of
these altered protein patterns represents a way of dis-
covering new potential disease markers.92 Moreover,
the identification of proteins directly related to throm-
botic events in APS implies that all proteins necessary
for monocyte-induced procoagulant activity are present
in the APS monocyte cell system and that they are spe-
cifically altered in their expression in response to the
auto antibodies characteristics of this syndrome. Thus,
the proteomic studies performed allowed us to know the
protein-expression patterns that may define different
subgroups of patients with APS.

A very recent study has analysed the gene-
expression patterns of peripheral blood cells from
patients with APS.93 This study also identified candi-
date clusters of genes that clearly exhibited reliable
discriminatory patterns between the APS and non-
APS patient’s populations with thrombosis. Of note,
both apoH (gene regulating β2 glycoprotein 1) and
MEKK1 (MAP kinase pathway gene), genes previ-
ously described in the molecular pathogenesis of
APS, were included in the list of genes found to differ
between APS and non-APS patients with thrombosis.
Our proteomic studies further complemented the
genetic ones by identifying proteins related to the
mechanisms underlying their activities (e.g., Annexin
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II and Annexin I, both significantly increased in APS
with thrombosis). These data suggest that both prote-
omic and transcriptomic approaches may provide dis-
tinct but reciprocally complementary views in profil-
ing gene expression of given cells.

Two additional parallel studies have further char-
acterised the GEP of PBMCs from patients with APS
and the anti-β2GPI-antibody-induced EC gene
expression profiling. The first study94 has shown a sig-
nificantly increased transcriptional activity of genes
involved in innate immune responses, such as toll-
like receptor 8 and CD14, as well as downstream
genes of this pathway (such as STAT1, OAS2,
TNFSF13 and PLSCR1). The second study,95 has
showed a complex gene expression response in
HUVEC to anti-B2GPI antibodies, with multiple che-
mokines, pro-inflammatory cytokines, prothrombotic
and proadhesive genes regulated by these antibodies in
vitro. Some of these newly identified anti-B2GPI
antibody-regulated genes could contribute to the vas-
culopathy associated with this syndrome.

Data obtained suggest that the analysis of gene and
protein-expression profiles offers the prospect of cre-
ating more precise determinations of disease pheno-
types, pointing to the underlying mechanisms respon-
sible for disease. In addition to the opportunity to
better understand the disease process, gene- and
protein-expression profiles provide an opportunity
for more effective prognosis, identifying which patient
is at risk for developing complications.

Conclusions

The multifactorial nature of cardiovascular diseases
needs the use of biomarkers for early detection, for
monitoring the response to therapy and to predict clin-
ical outcome. As previously discussed, atherosclerosis
is a chronic autoimmune inflammatory disease, char-
acterised by lipoproteins metabolism alteration lead-
ing to formation of proinflammatory and prooxida-
tive lipids and immune response. Identification of
macrophages, T cells, pro-inflammatory cytokines
and adhesion cell molecules in atherosclerotic lesions
support the hypothesis that innate and adaptive
immune response participates in the atherogenesis
mechanism.

RA, SLE and APS have accelerated atherosclero-
sis. The association of these diseases with atheroscle-
rosis suggests common pathogenicmechanisms.How-
ever, specific features that define each disease can also
help to delineate unique mechanisms of atherosclero-
sis and CVD in each autoimmune condition. For
example, development of atherosclerosis and MI in
RA has been found to be related to the presence of

elevated CD4+CD28− T lymphocytes, whereas in
SLE these processes are mainly associated with
increased number of circulating apoptotic ECs, and
to increased IFN-I levels, and in APS are mostly
dependent on aPL effects on monocytes and ECs.

Studies performed on atherosclerotic plaques have
confirmed the presence of a gene and protein profile
similar to that observed in autoimmune diseases with
cardiovascular risks: GEPs of whole human athero-
sclerotic plaques showed differential expression of a
wide array of genes, the majority of which are
involved not only in foam cell formation but also in
inflammation, apoptosis and thrombosis.96,97 More-
over, different proteomic studies performed on cul-
tured cells exposed in vitro to different conditions
involved in the development of atherosclerosis, further
confirmed the deregulation of proteins related to
inflammation and thrombosis (mainly cytokines,
growth factors, lipoproteins and prothrombotic
proteins).98,99

Nevertheless, further studies are needed to deter-
mine whether atherothrombosis in autoimmune dis-
eases has different pathogenic mechanisms contribut-
ing to its development than ‘normal’ atherosclerosis.
Furthermore, genomic/proteomics studies will help to
identify novel patterns of biomarkers which, along
with traditional risk factors and the newly described
mechanisms of atherosclerosis specific of RA, SLE
and APS, might help to target vulnerable patients
and monitor the beneficial effects of pharmacological
agents.
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