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Biomarkers

Several inflammatory, proteolytic, angiogenic and bone-associated factors play a role in the development of
autoimmune, accelerated atherosclerosis in rheumatic diseases. Some of these may serve as biomarkers of
vascular pathology and may be useful in the follow-up of vascular damage and outcome. Multi-biomarker
profiles rather than a single markers would likely be optimal in this respect.

1. Introduction

Accelerated “autoimmune” atherosclerosis leading to increased
cardiovascular (CV) morbidity and mortality has been associated with
rheumatoid arthritis (RA), as well as other autoimmune-inflammatory
rheumatic diseases [1-4]. Perpetuation of angiogenesis supported by
the abundant production of angiogenic factors has also been recognized
as a key event in the pathogenesis of RA [5-9]. Numerous immune cells,
pro-inflammatory cytokines, chemokines, growth factors, proteases,
soluble and cell-expressed adhesion molecules and other mediators
have been implicated in the development of inflammatory athero-
sclerosis and angiogenesis [2,3,5,6,10,11]. Some of these cells and
molecules may serve as biomarkers of these vascular events [3,10,12].
In this review, we briefly summarize the current view on the value of
these biomarkers. We will focus on inflammatory and angiogenic mo-
lecules and will not discuss metabolic factors (lipids, adipokines, etc).

2. The brief pathogenesis of autoimmune atherosclerosis

In general, arthritis-associated atherosclerosis and CVD involves
both traditional and inflammatory risk factors. In RA, systemic in-
flammation may be the key driver of the development of vascular pa-
thology [1,2,11,13]. With respect to biomarkers, the inflammatory
pathways are highly relevant, so we will not further discuss the role of
traditional risk factors.

Arthritis and inflammatory atherosclerosis may share numerous
pathogenic mechanisms. Endothelial activation promotes inflammatory
cell infiltration of the synovium, as well as the vessel wall.
Inflammatory macrophages and T-cells are involved in synovial in-
flammation and initiation, progression and rupture of atherosclerotic
plaques. Neovascularization mainly based on tissue hypoxia and the
production of vascular endothelial growth factor (VEGF) facilitates
synovial inflammation. In addition, angiogenic factors and newly
formed vessels have been associated with increased rupture risk.
Finally, tissue degradation mediated by matrix metalloproteinases
(MMP) is a key event in joint destruction and the erosion of vascular
fibrous caps leading to rupture and thrombosis [2,3,8,10,11,14].

Both synovial inflammation and atherosclerosis involve genetic,
environmental and lifestyle-related factors, as well as autoimmunity.
The initiation of synovial and vascular pathology is highly based on this
“Bermuda triangle” (Fig. 1). These three initiating factors trigger sys-
temic inflammation, which further leads to endothelial dysfunction,
arterial stiffness and atherosclerosis [2,3].

3. Genetic factors

Both RA and atherosclerosis or CVD have strong genetic back-
ground. In RA, genome-wide association studies (GWAS) revealed nu-
merous susceptibility alleles, among others, HLADRBI1, PTPN22,
TRAF1/C5, STAT4, PADI4, IRF5, FCGR, IL2RA, IL2RB, CD40, CCR6,
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Fig. 1. The “Bermuda triangle” of autoimmune-inflammatory atherosclerosis.

CCL21. More than 40 SNPs have been associated with RA [15,16]. In
atherosclerosis, a GWAS study carried out on > 100,000 Europeans
revealed association of > 30 genes with coronary atherosclerosis. These
included matrix molecule (e.g. ADAMTS7, ANKS1A, COL4A1), lipid
(e.g. LPA, LDLR), chemokine (e.g. CXCL12) and other genetic loci
[17,18]. The role other “lipid-related genes” including ABCA1, APOA5,
LCAT, CETP, SORT1, as well as > 50 “non-lipid” genes have also been
identified in atherosclerosis by GWAS [19]. HLADRBI has been asso-
ciated with both RA [15,20] and CVD [19].

It is also possible, that RA and the associated CVD may have
common genetic denominators. Mostly single-allele studies have yet
been performed. For example, in comparison to RA patients carrying no
or one SE allele, those with HLA-DRB1*01/*04 exert a 3-times higher
risk for CV death [21]. Studies on single non-HLA alleles such as
MTHFR, SMAD3, CD40, IRF5, OPG and others were primarily per-
formed by the group of Gonzalez-Gay (reviewed in [22,23]). As the
association of RA and atherosclerosis with complex genetic signatures
has not yet been elucidated, we have recently performed the analysis of
genetic signatures that may determine RA-associated atherosclerosis
[24].

Theoretically, single genetic alleles or complex signatures may re-
flect autoimmune atherosclerosis, however, the assessment of genes as
biomarkers may have several limitations.

4. Environmental factors

Numerous environmental risk factors including smoking, alcohol,
diet, infections, silica and others have been implicated in the patho-
genesis of RA and atherosclerosis [2,3,25,26]. With respect to bio-
markers, only infectious agents may have some relevance. In recent
years, the microbiome associated with RA [27-29], as well as athero-
sclerosis [27,29] have been discussed and, at least in part, character-
ized. Periodontitis and bacteria, such as Porphyromonas gingivalis may
link RA and atherosclerosis [29,30]. As one example, bacterial species
were identified in the aortic adventitia of patients with CVD only and in
RA patients with associated CVD. 16S rRNA gene sequencing was used.
Numerous species were only detected in CVD without RA. In RA pa-
tients with CVD, some species (e.g. Pedobacter, Methylobacterium,
Veilonella, etc) showed moderate expression (detectability in < 10% of
clones). There was one species, Methylobacterium oryzae (M. oryzae),
which was detectable in 45% of clones in RA patients with CVD, but not
in CVD patients. Moreover, human primary macrophages showed a pro-
inflammatory response when infected by this bacterium. Upon M. or-
yzae infection, macrophages produced significant amounts of IL-1a, IL-
1B, IL-6 and IL-8 and CCR7 expression was also induced on these cells.
Thus, M. oryzae may be a good microbial marker of RA-associated
atherosclerosis compared to CVD in the general population [31].
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5. Autoantibodies

Like in most autoimmune diseases, genetic and environmental fac-
tors may be associated with the production of autoantibodies. Certainly
in RA, rheumatoid factor (RF), as well as anti-citrullinated (ACPA) and
anti-carbamylated protein (anti-CarP) autoantibodies have been in
focus. Citrullinated proteins have been detected in the atherosclerotic
plaque [32], which may drive ACPA-dependent atherogenesis in RA.
We and others have found association of RF and ACPA with vascular
pathology in RA [33-38]. Higher percentage of patients with myo-
cardial infarction (MI) were ACPA positive compared to healthy con-
trols [33]. Also, high ACPA levels were associated with carotid plaque
formation [39], CVD, fatal CVD and stroke [37], as well as increased CV
mortality [38]. Recently, anti-CarP antibodies have been correlated
with subclinical atherosclerosis [40] and CV mortality in RA [38]. RF
positivity has also been associated with accelerated atherosclerosis [41]
and CV mortality in RA [38].

Among other autoantibodies, antibodies to oxidized LDL (anti-
oxLDL), the phospholipid cofactor B2GPI (anti-B2GPI), anti-phosphor-
ylcholine and anti-heat shock protein 60/65 (anti-hsp60/65) have also
been implicated in the pathogenesis of autoimmune atherosclerosis
[3,42-48]. These antibodies may be highly relevant in systemic lupus
erythematosus (SLE) and antiphospholipid syndrome (APS) [42,46,47].

We have found increased production of antiphospholipid [48] and
anti-oxLDL antibodies [47] in acute coronary syndrome. These anti-
bodies may serve as good biomarkers of endothelial dysfunction and
acute endothelial damage. Oxidized LDL and (2GPI may form com-
plexes. Increased amounts of antibodies to oxLDL/P2GPI (AtherOx)
were detected in the sera of autoimmune, as well as vascular patients
[49].

Anti-hsp60/65 antibody levels have been associated with athero-
sclerosis and CVD [50]. Previously, we detected elevated anti-hsp65
levels in the sera of AS patients [S51]. Recently, we have found sig-
nificant correlation between anti-hsp60/65 levels and arterial stiffness
indicated by PWV in RA and AS patients. Anti-hsp60/65 also correlated
with triglyceride levels [52].

6. Inflammatory and vascular mediators in the development of
vascular pathology

The central event of synovitis and autoimmune atherosclerosis is the
accumulation of inflammatory cells and mediators in the synovial tissue
and vessel wall, respectively [2,3]. A great amount of inflammatory
cells and factors have been described in this respect [3]. Most pro-in-
flammatory mediators also stimulate angiogenesis [5,6].

We and others have assessed the role of multiple inflammatory
mediators in the development of autoimmune atherosclerosis and CVD.
Possibly the most important marker is CRP, which is an independent
predictor of CV risk [53]. In earlier studies, we described the produc-
tion of TNF-q, IL-6, IL-8 and interferon y (IFN-y), as well as the abun-
dant expression of the ICAM-1 adhesion molecule in vascular tissues
taken from patients with inflammatory aortic aneurysms [54-56]. In
RA, endothelial activation was associated with the increased production
of von Willebrand factor antigen (VWF:Ag) [3,57]. Recently, increased
expression of TNF-a and IL-18 was found in the aortic adventitia of RA
patients with CVD compared to non-RA CVD patients [58].

Endothelial dysfunction, arterial stiffness and carotid athero-
sclerosis can be detected by ultrasound evaluation of brachial artery
flow-mediated vasodilation (FMD), arterial pulse-wave velocity (PWV)
and common carotid intima-media thickness (cIMT)/plaque analysis,
respectively [34,59,60]. Impaired FMD was associated with increased
serum TNF-q, IL-6 and CRP levels. Moreover, increased, abnormal cIMT
correlated with RA disease duration, higher TNF-a and CRP, as well as
lower IL-4 and IL-10 levels [34].

With respect to angiogenesis, increased neovascularization in the
arterial wall is associated with atherosclerosis. Pro-angiogenic growth
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factors, primarily VEGF, but also PDGF, FGF and HGF stimulate in-
flammatory angiogenesis. In addition, numerous pro-inflammatory cy-
tokines, chemokines, adhesion molecules, matrix-degrading proteases
and other factors have been implicated in neovascularization associated
with arthritis and atherosclerosis [3,6,61]. In a recent study, circulating
angiopoietin 2 (Ang2) and PDGF correlated with RA disease duration.
Moreover, Angl and Ang2 levels also correlated with CRP. Finally,
PDGF-BB concentrations correlated with ¢cIMT [62].

Cell adhesion molecules, such as VCAM-1, ICAM-1 and E-selectin
have been associated with endothelial dysfunction in RA [63]. All these
adhesion receptors are involved in inflammatory and angiogenic pro-
cesses underlying RA and atherosclerosis [6,8,55,64].

Proteases, such as the urokinase plasminogen activator (uPA)
system is important in fibrinolysis, inflammation, matrix degradation
and angiogenesis [6,65]. uPAR (CD87) is a cell-bound, GPI-anchored
protein, which may be cleaved from the cell membrane (soluble uPAR,
suPAR) [65,66]. We have previously detected uPAR in the RA synovial
tissue, mostly on leukocytes and endothelial cells [65]. High levels of
suPAR have been associated with various autoimmune diseases [67]. In
a recent study, we found significant positive correlation between suPAR
and RF or anti-CCP levels in RA patients [68].

Regarding other mediators and biomarkers, NT-proBNP is a marker
of myocardial function. Higher NT-proBNP levels were associated with
increased all-cause and CV mortality in early arthritis patients [69].

Osteoprotegerin (OPG) is a well-known bone marker, a decoy re-
ceptor for RANKL, which plays a role in inflammatory joint destruction
in RA [70,71]. Interestingly, OPG has also been associated with
atherosclerosis and CVD [70,72,73]. High OPG levels correlated with
CVD and CV mortality [72]. OPG levels were higher in RA patients with
CVD compared to those without CVD [73]. On the other hand, the OPG
ligand TRAIL may rather be atheroprotective [74]. Sclerostin (SOST)
and Dickkopf-1 (DKK-1) are TNF-a-mediated inhibitors of Wnt- and [3-
catenin-dependent bone formation. They play an important role in joint
destruction [75]. Both SOST [76] and DKK-1 [77] have been associated
with the promotion of vascular calcification.

7. Use of cardiovascular and angiogenic biomarkers in monitoring
therapeutic efficacy

EULAR has published recommendations on arthritis-related CVD
[1]. These recommendations, similarly to the general population, in-
clude primary prevention. However, as systemic inflammation is the
major driver of vascular pathology, treatment of the underlying rheu-
matic disease is essential [1,11].

Indeed, several studies carried out in large cohorts suggest that both
traditional (e.g. methotrexate) and biologic DMARDs may suppress the
development of secondary CVD. After studies using surrogate markers,
some hard endpoint clinical trials have also been successfully con-
ducted [78-80].

With respect to biomarkers, targeted therapies may decrease the
production of numerous markers described above. In our early RA
study, adalimumab significantly decreased soluble vVWF:Ag levels [57].
Recently, we have treated RA and ankylosing spondylitis (AS) patients
with TNF inhibitors. Etanercept or certolizumab pegol significantly
decreased VEGEF levels in RA and AS, as well as PDGF-BB levels in RA
patients [62].

Anti-oxLDL/B2GPI antibodies (AtherOx) were described above.
Anti-TNF therapy significantly decreased serum levels of these anti-
bodies in RA and AS patients [52].

With regards to the above mentioned NT-proBNP, in a Dutch cohort,
adalimumab decreased NT-proBNP levels [81]. In our study, etanercept
or certolizumab pegol treatment significantly suppressed NT-proBNP
production in RA and AS patients. Furthermore, NT-proBNP levels were
higher in RF and ACPA seropositive vs seronegative patients [52].

We described the importance of the uPA system in inflammation
and vascular pathology. In our cohort, anti-TNF therapy was able to
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decrease suPAR levels in RA. Furthermore, the most striking effect was
observed in patients with very high baseline suPAR levels [68]. Among
hemostasis markers, tocilizumab significantly decreased fibrinogen and
D-dimer levels in RA [82].

Serum amyloid A (SAA) and pro-inflammatory HDL (piHDL) con-
taining SAA are very important pathogenic factors in inflammation,
atherogenesis and angiogenesis [3,6,83]. IL-6 receptor blockade sig-
nificantly decreased piHDL/SAA levels in RA patients [82].

Finally, as mentioned above, several bone markers including OPG,
SOST and DKK-1 play a role in inflammatory joint destruction. These
molecules have been implicated in vascular calcification as well.
Targeted therapies may differentially regulate the expression of these
biomarkers in RA and AS [71,84].

8. Single biomarker or multi-biomarker approach?

Several potential biomarkers of autoimmune atherosclerosis were
described above. It is a question, whether to apply a single biomarker or
use a set of biomarkers. Until now, no “gold standard” biomarker has
been identified. Therefore it is likely that a multi-biomarker approach
could be preferable.

As one example, Paramo et al. [12] assessed soluble biomarkers and
imaging technologies in the identification of vulnerable atherosclerotic
patients. Biomarkers of inflammation (e.g. TNF-a, IL-1, IL-6, soluble
ICAM-1 and VCAM-1), proteolysis (various MMPs) and thrombosis
(soluble CD40L, P-selectin, PAL etc) were grouped as possible members
of a multi-biomarker platform. In association studies, some biomarkers
exerted good association with vascular MRI (e.g. ICAM-1, VCAM-1, P-
selectin, MMP-2, MMP-9), intravascular ultrasound (e.g. IL-6, VCAM-1,
ICAM-1, E-selectin, CRP) or cIMT (e.g. IL-6, IL-10, oxLDL, MMP-10,
CRP). Thus, laboratory biomarker profile assessment may reflect vas-
cular changes otherwise identified by imaging [12].

Acknowledgements

This research was supported by the European Union and the State of
Hungary and co-financed by the European Social Fund in the frame-
work of TAMOP-4.2.4.A/2-11/1-2012-0001 ‘National Excellence
Program’(Z.S.); also by the European Union grants GINOP-2.3.2-15-
2016-00015 and GINOP-2.3.2-15-2016-00050 (Z.S.); and by the Health
Research Board, Ireland, and The Be-The-Cure initiative (U.F., D.V.)

References

[1] R. Agca, S.C. Heslinga, S. Rollefstad, M. Heslinga, I.B. McInnes, M.J. Peters,

T.K. Kvien, M. Dougados, H. Radner, F. Atzeni, et al., EULAR recommendations for
cardiovascular disease risk management in patients with rheumatoid arthritis and
other forms of inflammatory joint disorders: 2015/2016 update, Ann. Rheum. Dis.
76 (1) (2017) 17-28.

Z. Szekanecz, G. Kerekes, E. Vegh, Z. Kardos, Z. Barath, L. Tamasi, Y. Shoenfeld,
Autoimmune atherosclerosis in 3D: how it develops, how to diagnose and what to
do, Autoimmun. Rev. 15 (7) (2016) 756-769.

Z. Szekanecz, G. Kerekes, Z. Kardos, Z. Barath, L. Tamdsi, Mechanisms of in-
flammatory atherosclerosis in rheumatoid arthritis, Curr. Immunol. Rev. 12 (2016)
35-46.

C.M. Steyers 3rd, F.J. Miller Jr., Endothelial dysfunction in chronic inflammatory
diseases, Int. J. Mol. Sci. 15 (7) (2014) 11324-11349.

S.W. Tas, C.X. Maracle, E. Balogh, Z. Szekanecz, Targeting of proangiogenic sig-
nalling pathways in chronic inflammation, Nat. Rev. Rheumatol. 12 (2) (2016)
111-122.

Z. Szekanecz, A.E. Koch, Mechanisms of Disease: angiogenesis in inflammatory
diseases, Nat. Clin. Pract. Rheumatol. 3 (11) (2007) 635-643.

M. Biniecka, M. Connolly, W. Gao, C.T. Ng, E. Balogh, M. Gogarty, L. Santos,

E. Murphy, D. Brayden, D.J. Veale, et al., Redox-mediated angiogenesis in the hy-
poxic joint of inflammatory arthritis, Arthritis Rheumatol. 66 (12) (2014)
3300-3310.

A. Kennedy, C.T. Ng, M. Biniecka, T. Saber, C. Taylor, J. O'Sullivan, D.J. Veale,
U. Fearon, Angiogenesis and blood vessel stability in inflammatory arthritis,
Arthritis Rheum. 62 (3) (2010) 711-721.

E. Balogh, D.J. Veale, T. McGarry, C. Orr, Z. Szekanecz, C.T. Ng, U. Fearon,

M. Biniecka, Oxidative stress impairs energy metabolism in primary cells and sy-
novial tissue of patients with rheumatoid arthritis, Arthritis Res. Ther. 20 (1)

[2]

[3]

[4]

[5]

[6]

[7

[8

[9


http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0005
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0005
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0005
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0005
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0005
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0010
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0010
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0010
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0015
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0015
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0015
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0020
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0020
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0025
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0025
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0025
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0030
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0030
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0035
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0035
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0035
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0035
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0040
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0040
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0040
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0045
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0045
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0045

E. Balogh et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(2018) 95.

S. Skeoch, L.N. Bruce, Atherosclerosis in rheumatoid arthritis: is it all about in-
flammation? Nat. Rev. Rheumatol. 11 (7) (2015) 390-400.

E. Choy, K. Ganeshalingam, A.G. Semb, Z. Szekanecz, M. Nurmohamed,
Cardiovascular risk in rheumatoid arthritis: recent advances in the understanding of
the pivotal role of inflammation, risk predictors and the impact of treatment,
Rheumatology (Oxford) 53 (12) (2014) 2143-2154.

J.A. Paramo, J.A. Rodriguez Ja, J. Orbe, Integrating soluble biomarkers and ima-
ging technologies in the identification of vulnerable atherosclerotic patients,
Biomark. Insights 1 (2007) 165-173.

J. Robertson, M.J. Peters, I.B. McInnes, N. Sattar, Changes in lipid levels with in-
flammation and therapy in RA: a maturing paradigm, Nat. Rev. Rheumatol. 9 (9)
(2013) 513-523.

U. Fearon, R. Reece, J. Smith, P. Emery, D.J. Veale, Synovial cytokine and growth
factor regulation of MMPs/TIMPs: implications for erosions and angiogenesis in
early rheumatoid and psoriatic arthritis patients, Ann. N. Y. Acad. Sci. 878 (1999)
619-621.

J. Kurko, T. Besenyei, J. Laki, T.T. Glant, K. Mikecz, Z. Szekanecz, Genetics of
rheumatoid arthritis - a comprehensive review, Clin. Rev. Allergy Immunol. 45 (2)
(2013) 170-179.

R. de Vries, Genetics of rheumatoid arthritis: time for a change!, Curr. Opin.
Rheumatol. 23 (3) (2011) 227-232.

A.J. Lusis, Genetics of atherosclerosis, Trends Genet. 28 (6) (2012) 267-275.

H. Schunkert, I.R. Konig, S. Kathiresan, M.P. Reilly, T.L. Assimes, H. Holm,

M. Preuss, A.F. Stewart, M. Barbalic, C. Gieger, et al., Large-scale association ana-
lysis identifies 13 new susceptibility loci for coronary artery disease, Nat. Genet. 43
(4) (2011) 333-338.

J. Bidwell, L. Keen, G. Gallagher, R. Kimberly, T. Huizinga, M.F. McDermott,

J. Oksenberg, J. McNicholl, F. Pociot, C. Hardt, et al., Cytokine gene polymorphism
in human disease: on-line databases, Genes Immun. 1 (1) (1999) 3-19.

P.K. Gregersen, J. Silver, R.J. Winchester, The shared epitope hypothesis. An ap-
proach to understanding the molecular genetics of susceptibility to rheumatoid
arthritis, Arthritis Rheum. 30 (11) (1987) 1205-1213.

T.M. Farragher, N.J. Goodson, H. Naseem, A.J. Silman, W. Thomson, D. Symmons,
A. Barton, Association of the HLA-DRB1 gene with premature death, particularly
from cardiovascular disease, in patients with rheumatoid arthritis and in-
flammatory polyarthritis, Arthritis Rheum. 58 (2) (2008) 359-369.

L. Rodriguez-Rodriguez, R. Lopez-Mejias, B. Fernandez-Gutierrez, A. Balsa,

M.A. Gonzalez-Gay, J. Martin, Rheumatoid arthritis: genetic variants as biomarkers
of cardiovascular disease, Curr. Pharm. Des. 21 (2) (2015) 182-201.

L. Rodriguez-Rodriguez, R. Lopez-Mejias, M. Garcia-Bermudez, C. Gonzalez-
Juanatey, M.A. Gonzalez-Gay, J. Martin, Genetic markers of cardiovascular disease
in rheumatoid arthritis, Mediat. Inflamm. 2012 (2012) 574817.

S. Poliska, E. Végh, A. Vancsa, N. Bodndr, S. Szamosi, M. Csumita, G. Kerekes,

Z. Szabd, G. Sziics, S. Szantd, G. Zahuczky, P. Soltész, L. Nagy, Z. Szekanecz, Genetic
signatures may be associated with vascular pathology in rheumatoid arthritis, Ann.
Rheum. Dis. 74 (Suppl. 2) (2015) 898.

H. Radner, K. Yoshida, J.S. Smolen, D.H. Solomon, Multimorbidity and rheumatic
conditions-enhancing the concept of comorbidity, Nat. Rev. Rheumatol. 10 (4)
(2014) 252-256.

J.S. Smolen, D. Aletaha, A. Barton, G.R. Burmester, P. Emery, G.S. Firestein,

A. Kavanaugh, I.B. McInnes, D.H. Solomon, V. Strand, et al., Rheumatoid arthritis,
Nat. Rev. Dis. Prim. 4 (2018) 18001.

L.J. Kasselman, N.A. Vernice, J. Deleon, A.B. Reiss, The gut microbiome and ele-
vated cardiovascular risk in obesity and autoimmunity, Atherosclerosis 271 (2018)
203-213.

D.P. Bogdanos, L.I. Sakkas, From microbiome to infectome in autoimmunity, Curr.
Opin. Rheumatol. 29 (4) (2017) 369-373.

G. Hajishengallis, Periodontitis: from microbial immune subversion to systemic
inflammation, Nat. Rev. Immunol. 15 (1) (2015) 30-44.

K. Lundberg, N. Wegner, T. Yucel-Lindberg, P.J. Venables, Periodontitis in RA-the
citrullinated enolase connection, Nat. Rev. Rheumatol. 6 (12) (2010) 727-730.
S.A. Curran, I. Hollan, C. Erridge, D.F. Lappin, C.A. Murray, G. Sturfelt,

K. Mikkelsen, O.T. Forre, S.M. Almdahl, M.K. Fagerhol, et al., Bacteria in the ad-
ventitia of cardiovascular disease patients with and without rheumatoid arthritis,
PLoS One 9 (5) (2014) e98627.

J. Sokolove, M.J. Brennan, O. Sharpe, L.J. Lahey, A.H. Kao, E. Krishnan,

D. Edmundowicz, C.M. Lepus, M.C. Wasko, W.H. Robinson, Brief report: ci-
trullination within the atherosclerotic plaque: a potential target for the anti-ci-
trullinated protein antibody response in rheumatoid arthritis, Arthritis Rheum. 65
(7) (2013) 1719-1724.

G. Cambridge, J. Acharya, J.A. Cooper, J.C. Edwards, S.E. Humphries, Antibodies to
citrullinated peptides and risk of coronary heart disease, Atherosclerosis 228 (1)
(2013) 243-246.

G. Kerekes, Z. Szekanecz, H. Der, Z. Sandor, G. Lakos, L. Muszbek, I. Csipo, S. Sipka,
1. Seres, G. Paragh, et al., Endothelial dysfunction and atherosclerosis in rheumatoid
arthritis: a multiparametric analysis using imaging techniques and laboratory
markers of inflammation and autoimmunity, J. Rheumatol. 35 (3) (2008) 398-406.
N. Barbarroja, C. Perez-Sanchez, P. Ruiz-Limon, C. Castro-Villegas, M.A. Aguirre,
R. Carretero, P. Segui, Y. Jimenez-Gomez, M. Sanna, A. Rodriguez-Ariza, et al.,
Anticyclic citrullinated protein antibodies are implicated in the development of
cardiovascular disease in rheumatoid arthritis, Arterioscler. Thromb. Vasc. Biol. 34
(12) (2014) 2706-2716.

G. Hjeltnes, I. Hollan, O. Forre, A. Wiik, K. Mikkelsen, S. Agewall, Anti-CCP and RF
IgM: predictors of impaired endothelial function in rheumatoid arthritis patients,
Scand. J. Rheumatol. 40 (6) (2011) 422-427.

50

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Clinical Immunology 199 (2019) 47-51

R.H. Mackey, L.H. Kuller, K.D. Deane, B.T. Walitt, Y.F. Chang, V.M. Holers,

W.H. Robinson, R.P. Tracy, M.A. Hlatky, C.B. Eaton, et al., Rheumatoid arthritis,
anti-cyclic citrullinated peptide positivity, and cardiovascular disease risk in the
women's health initiative, Arthritis Rheumatol. 67 (9) (2015) 2311-2322.

S. Ajeganova, J.H. Humphreys, M.K. Verheul, H.W. van Steenbergen, J.A. van Nies,
1. Hafstrom, B. Svensson, T.W. Huizinga, L.A. Trouw, S.M. Verstappen, et al.,
Anticitrullinated protein antibodies and rheumatoid factor are associated with in-
creased mortality but with different causes of death in patients with rheumatoid
arthritis: a longitudinal study in three European cohorts, Ann. Rheum. Dis. 75 (11)
(2016) 1924-1932.

T. Okano, K. Inui, Y. Sugioka, K. Sugioka, Y. Matsumura, S. Takahashi, M. Tada,
K. Mamoto, S. Wakitani, T. Koike, et al., High titer of anti-citrullinated peptide
antibody is a risk factor for severe carotid atherosclerotic plaque in patients with
rheumatoid arthritis: the TOMORROW study, Int. J. Rheum. Dis. 20 (8) (2017)
949-959.

F.R. Spinelli, A. Pecani, F. Ciciarello, T. Colasanti, M. Di Franco, F. Miranda,

F. Conti, G. Valesini, C. Alessandri, Association between antibodies to carbamylated
proteins and subclinical atherosclerosis in rheumatoid arthritis patients, BMC
Musculoskelet. Disord. 18 (1) (2017) 214.

D.S. Majka, T.T. Vu, R.M. Pope, M. Teodorescu, E.W. Karlson, K. Liu, R.W. Chang,
Association of rheumatoid factors with subclinical and clinical atherosclerosis in
african american women: the multiethnic study of atherosclerosis, Arthritis Care
Res. (Hoboken) 69 (2) (2017) 166-174.

R.A. Iseme, M. McEvoy, B. Kelly, L. Agnew, F.R. Walker, T. Handley,

C. Oldmeadow, J. Attia, M. Boyle, A role for autoantibodies in atherogenesis,
Cardiovasc. Res. 113 (10) (2017) 1102-1112.

P.X. Shaw, C.S. Goodyear, M.K. Chang, J.L. Witztum, G.J. Silverman, The auto-
reactivity of anti-phosphorylcholine antibodies for atherosclerosis-associated neo-
antigens and apoptotic cells, J. Immunol. 170 (12) (2003) 6151-6157.

N. Bassi, A. Ghirardello, L. Iaccarino, S. Zampieri, M.E. Rampudda, F. Atzeni,

P. Sarzi-Puttini, Y. Shoenfeld, A. Doria, OxLDL/beta2GPI-anti-oxLDL/beta2GPI
complex and atherosclerosis in SLE patients, Autoimmun. Rev. 7 (1) (2007) 52-58.
E. Matsuura, K. Kobayashi, K. Inoue, L.R. Lopez, Y. Shoenfeld, Oxidized LDL/beta2-
glycoprotein I complexes: new aspects in atherosclerosis, Lupus 14 (9) (2005)
736-741.

Y. Shoenfeld, D. Harats, J. George, Heat shock protein 60/65, beta 2-glycoprotein I
and oxidized LDL as players in murine atherosclerosis, J. Autoimmun. 15 (2) (2000)
199-202.

R. Laczik, P. Szodoray, K. Veres, E. Szomjak, 1. Csipo, S. Sipka Jr., Y. Shoenfeld,
Z. Szekanecz, P. Soltesz, Assessment of IgG antibodies to oxidized LDL in patients
with acute coronary syndrome, Lupus 20 (7) (2011) 730-735.

K. Veres, G. Lakos, A. Kerenyi, Z. Szekanecz, G. Szegedi, Y. Shoenfeld, P. Soltesz,
Antiphospholipid antibodies in acute coronary syndrome, Lupus 13 (6) (2004)
423-427.

L.R. Lopez, K. Kobayashi, Y. Matsunami, E. Matsuura, Immunogenic oxidized low-
density lipoprotein/beta2-glycoprotein I complexes in the diagnostic management
of atherosclerosis, Clin. Rev. Allergy Immunol. 37 (1) (2009) 12-19.

A. Veres, G. Fust, M. Smieja, M. McQueen, A. Horvath, Q. Yi, A. Biro, J. Pogue,
L. Romics, 1. Karadi, et al., Relationship of anti-60 kDa heat shock protein and anti-
cholesterol antibodies to cardiovascular events, Circulation 106 (22) (2002)
2775-2780.

N. Bodnar, Z. Szekanecz, Z. Prohaszka, A. Kemeny-Beke, Z. Nemethne-Gyurcsik,
K. Gulyas, G. Lakos, S. Sipka, S. Szanto, Anti-mutated citrullinated vimentin (anti-
MCV) and anti-65 kDa heat shock protein (anti-hsp65): new biomarkers in anky-
losing spondylitis, Joint Bone Spine 79 (1) (2011) 63-66.

A. Pusztai, E. Végh, A. Vancsa, N. Bodnaér, S. Szamosi, G. Nagy, 1. Szollosi,

P. Csomor, L.R. Lopez, E. Matsuura, G. Sziics, S. Szant6, Z. Nagy, Y. Shoenfeld,

Z. Szekanecz, Effects of anti-TNF therapy on circulating oxLDL-beta2GPI levels in
arthritis, Ann. Rheum. Dis. 74 (Suppl. 2) (2015) 918.

P.M. Ridker, N. Cook, Clinical usefulness of very high and very low levels of C-
reactive protein across the full range of Framingham risk scores, Circulation 109
(16) (2004) 1955-1959.

Z. Szekanecz, M.R. Shah, L.A. Harlow, W.H. Pearce, A.E. Koch, Interleukin-8 and
tumor necrosis factor-alpha are involved in human aortic endothelial cell migration.
The possible role of these cytokines in human aortic aneurysmal blood vessel
growth, Pathobiology 62 (3) (1994) 134-139.

Z. Szekanecz, M.R. Shah, W.H. Pearce, A.E. Koch, Intercellular adhesion molecule-1
(ICAM-1) expression and soluble ICAM-1 (sICAM-1) production by cytokine-acti-
vated human aortic endothelial cells: a possible role for ICAM-1 and sICAM-1 in
atherosclerotic aortic aneurysms, Clin. Exp. Immunol. 98 (2) (1994) 337-343.

Z. Szekanecz, M.R. Shah, W.H. Pearce, A.E. Koch, Human atherosclerotic abdominal
aortic aneurysms produce interleukin (IL)-6 and interferon-gamma but not IL-2 and
IL-4: the possible role for IL-6 and interferon-gamma in vascular inflammation,
Agents Actions 42 (3-4) (1994) 159-162.

G. Kerekes, P. Soltesz, G. Szucs, S. Szamosi, H. Der, Z. Szabo, L. Csathy, A. Vancsa,
P. Szodoray, G. Szegedi, et al., Effects of adalimumab treatment on vascular disease
associated with early rheumatoid arthritis, Isr. Med. Assoc. J. 13 (3) (2011)
147-152.

A. Ahmed, 1. Hollan, S.A. Curran, S.M. Kitson, M.P. Riggio, K. Mikkelsen,

S.M. Almdahl, P. Aukrust, McInnes IB, C.S. Goodyear, Rheumatoid arthritis patients
have a pro-atherogenic cytokine microenvironment in the aortic adventitia,
Arthritis Rheumatol. 68 (6) (2016) 1381-1386.

G. Kerekes, P. Soltesz, M.T. Nurmohamed, M.A. Gonzalez-Gay, M. Turiel, E. Vegh,
Y. Shoenfeld, 1. McInnes, Z. Szekanecz, Validated methods for assessment of sub-
clinical atherosclerosis in rheumatology, Nat. Rev. Rheumatol. 8 (4) (2012)
224-234.


http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0045
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0050
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0050
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0055
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0055
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0055
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0055
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0060
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0060
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0060
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0065
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0065
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0065
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0070
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0070
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0070
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0070
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0075
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0075
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0075
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0080
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0080
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0085
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0090
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0090
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0090
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0090
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0095
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0095
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0095
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0100
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0100
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0100
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0105
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0105
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0105
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0105
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0110
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0110
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0110
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0115
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0115
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0115
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0120
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0120
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0120
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0120
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0125
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0125
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0125
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0130
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0130
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0130
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0135
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0135
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0135
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0140
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0140
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0145
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0145
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0150
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0150
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0155
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0155
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0155
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0155
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0160
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0160
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0160
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0160
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0160
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0165
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0165
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0165
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0170
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0170
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0170
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0170
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0175
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0175
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0175
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0175
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0175
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0180
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0180
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0180
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0185
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0185
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0185
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0185
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0190
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0195
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0195
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0195
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0195
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0195
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0200
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0200
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0200
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0200
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0205
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0205
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0205
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0205
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0210
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0210
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0210
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0215
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0215
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0215
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0220
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0220
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0220
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0225
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0225
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0225
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0230
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0230
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0230
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0235
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0235
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0235
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0240
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0240
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0240
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0245
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0245
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0245
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0250
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0250
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0250
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0250
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0255
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0255
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0255
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0255
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0260
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0260
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0260
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0260
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0265
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0265
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0265
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0270
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0270
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0270
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0270
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0275
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0275
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0275
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0275
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0280
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0280
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0280
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0280
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0285
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0285
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0285
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0285
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0290
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0290
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0290
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0290
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0295
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0295
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0295
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0295

E. Balogh et al.

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

M.A. Gonzalez-Gay, C. Gonzalez-Juanatey, J. Martin, Inflammation and endothelial
dysfunction in rheumatoid arthritis, Clin. Exp. Rheumatol. 24 (2) (2006) 115-117.
B. Doyle, N. Caplice, Plaque neovascularization and antiangiogenic therapy for
atherosclerosis, J. Am. Coll. Cardiol. 49 (21) (2007) 2073-2080.

E. Balogh, E. Végh, G. Kerekes, A. Vancsa, P. Csomor, L. Pogacsas, F. Balazs,

J. McCormick, M. Biniecka, S. Szanté, G. Sziics, Z. Nagy, U. Fearon, D. Veale,

Z. Szekanecz, Effects of anti-TNF therapy on markers of angiogenesis and vascular
pathology in arthritis: a comparative approach, Ann. Rheum. Dis. 74 (Suppl. 2)
(2015) 210.

P.H. Dessein, B.I. Joffe, S. Singh, Biomarkers of endothelial dysfunction, cardio-
vascular risk factors and atherosclerosis in rheumatoid arthritis, Arthritis Res. Ther.
7 (3) (2005) R634-R643.

Z. Szekanecz, G. Szegedi, A.E. Koch, Cellular adhesion molecules in rheumatoid
arthritis: regulation by cytokines and possible clinical importance, J. Investig. Med.
44 (4) (1996) 124-135.

Z. Szekanecz, G.K. Haines, A.E. Koch, Differential expression of the urokinase re-
ceptor (CD87) in arthritic and normal synovial tissues, J. Clin. Pathol. 50 (4) (1997)
314-319.

H.W. Smith, C.J. Marshall, Regulation of cell signalling by uPAR, Nat. Rev. Mol.
Cell Biol. 11 (1) (2010) 23-36.

B. Vasarhelyi, G. Toldi, A. Balog, The clinical value of Soluble Urokinase
Plasminogen Activator Receptor (suPAR) levels in autoimmune connective tissue
disorders, EJIFCC 27 (2) (2016) 122-129.

A. Pusztai, E. Végh, A. Horvath, A. Hamar, S. Szant6, Z. Szekanecz, G. Szfics, Effects
of anti-TNF therapy on soluble urokinase plasminogen activator receptor (SUPAR)
levels in arthritis: Effects of anti-TNF therapy on soluble urokinase plasminogen
activator receptor (SUPAR) levels in arthritis, Ann. Rheum. Dis. 76 (Suppl. 2) (2017)
469.

H. Mirjafari, P. Welsh, S.M. Verstappen, P. Wilson, T. Marshall, H. Edlin, D. Bunn,
J. Chipping, M. Lunt, D.P. Symmons, et al., N-terminal pro-brain-type natriuretic
peptide (NT-pro-BNP) and mortality risk in early inflammatory polyarthritis: results
from the Norfolk Arthritis Registry (NOAR), Ann. Rheum. Dis. 73 (4) (2014)
684-690.

S. Kiechl, P. Werner, M. Knoflach, M. Furtner, J. Willeit, G. Schett, The osteopro-
tegerin/RANK/RANKL system: a bone key to vascular disease, Expert. Rev.
Cardiovasc. Ther. 4 (6) (2006) 801-811.

A. Szentpetery, A. Horvath, K. Gulyas, Z. Petho, H.P. Bhattoa, S. Szanto, G. Szucs,
O. Fitzgerald, G. Schett, Z. Szekanecz, Effects of targeted therapies on the bone in
arthritides, Autoimmun. Rev. 16 (3) (2017) 313-320.

S.M. Venuraju, A. Yerramasu, R. Corder, A. Lahiri, Osteoprotegerin as a predictor of
coronary artery disease and cardiovascular mortality and morbidity, J. Am. Coll.
Cardiol. 55 (19) (2010) 2049-2061.

R. Lopez-Mejias, B. Ubilla, F. Genre, A. Corrales, J.L. Hernandez, 1. Ferraz-Amaro,

51

[74]

[75]

[76]

[77]

[78]
[79]
[80]

[81]

[82]

[83]

[84]

Clinical Immunology 199 (2019) 47-51

L. Tsang, J. Llorca, R. Blanco, C. Gonzalez-Juanatey, et al., Osteoprotegerin con-
centrations relate independently to established cardiovascular disease in rheuma-
toid arthritis, J. Rheumatol. 42 (1) (2015) 39-45.

S. Volpato, L. Ferrucci, P. Secchiero, F. Corallini, G. Zuliani, R. Fellin, J.M. Guralnik,
S. Bandinelli, G. Zauli, Association of tumor necrosis factor-related apoptosis-in-
ducing ligand with total and cardiovascular mortality in older adults,
Atherosclerosis 215 (2) (2011) 452-458.

G. Schett, E. Gravallese, Bone erosion in rheumatoid arthritis: mechanisms, diag-
nosis and treatment, Nat. Rev. Rheumatol. 8 (11) (2012) 656-664.

J. Paccou, R. Mentaverri, C. Renard, S. Liabeuf, P. Fardellone, Z.A. Massy,

M. Brazier, S. Kamel, The relationships between serum sclerostin, bone mineral
density, and vascular calcification in rheumatoid arthritis, J. Clin. Endocrinol.
Metab. 99 (12) (2014) 4740-4748.

T. Ueland, K. Otterdal, T. Lekva, B. Halvorsen, A. Gabrielsen, W.J. Sandberg,

G. Paulsson-Berne, T.M. Pedersen, L. Folkersen, L. Gullestad, et al., Dickkopf-1
enhances inflammatory interaction between platelets and endothelial cells and
shows increased expression in atherosclerosis, Arterioscler. Thromb. Vasc. Biol. 29
(8) (2009) 1228-1234.

J.D. Greenberg, V. Furer, M.E. Farkouh, Cardiovascular safety of biologic therapies
for the treatment of RA, Nat. Rev. Rheumatol. 8 (1) (2011) 13-21.

Z. Szekanecz, G. Kerekes, P. Soltesz, Vascular effects of biologic agents in RA and
spondyloarthropathies, Nat. Rev. Rheumatol. 5 (12) (2009) 677-684.

P.M. Ridker, Moving beyond JUPITER: will inhibiting inflammation reduce vascular
event rates? Curr. Atheroscler. Rep. 15 (1) (2013) 295.

M.J. Peters, P. Welsh, I.B. McInnes, G. Wolbink, B.A. Dijkmans, N. Sattar,

M.T. Nurmohamed, Tumour necrosis factor {alpha} blockade reduces circulating N-
terminal pro-brain natriuretic peptide levels in patients with active rheumatoid
arthritis: results from a prospective cohort study, Ann. Rheum. Dis. 69 (7) (2010)
1281-1285.

1.B. MclInnes, L. Thompson, J.T. Giles, J.M. Bathon, J.E. Salmon, A.D. Beaulieu,
C.E. Codding, T.H. Carlson, C. Delles, J.S. Lee, et al., Effect of interleukin-6 receptor
blockade on surrogates of vascular risk in rheumatoid arthritis: MEASURE, a ran-
domised, placebo-controlled study, Ann. Rheum. Dis. 74 (4) (2015) 694-702.
R.H. Mullan, B. Bresnihan, L. Golden-Mason, T. Markham, R. O'Hara, O. Fitzgerald,
D.J. Veale, U. Fearon, Acute-phase serum amyloid A stimulation of angiogenesis,
leukocyte recruitment, and matrix degradation in rheumatoid arthritis through an
NF-kappaB-dependent signal transduction pathway, Arthritis Rheum. 54 (1) (2006)
105-114.

A. Horvéth, A. Pusztai, K. Gulyas, A. Véncsa, E. Végh, N. Bodnér, P. Csomor,

7. Pethd, B. Juhész, A. Szentpétery, S. Szamosi, H.P. Bhattoa, S. Szant6, G. Sziics,
Z. Nagy, Z. Szekanecz, Effects of anti-TNF therapy on markers of bone homeostasis
in rheumatoid arthritis and ankylosing spondylitis, Ann. Rheum. Dis. 74 (Suppl. 2)
(2015) 175.


http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0300
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0300
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0305
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0305
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0310
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0310
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0310
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0310
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0310
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0315
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0315
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0315
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0320
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0320
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0320
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0325
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0325
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0325
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0330
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0330
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0335
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0335
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0335
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0340
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0340
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0340
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0340
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0340
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0345
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0345
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0345
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0345
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0345
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0350
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0350
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0350
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0355
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0355
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0355
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0360
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0360
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0360
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0365
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0365
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0365
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0365
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0370
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0370
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0370
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0370
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0375
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0375
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0380
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0380
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0380
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0380
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0385
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0385
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0385
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0385
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0385
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0390
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0390
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0395
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0395
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0400
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0400
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0405
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0405
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0405
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0405
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0405
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0410
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0410
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0410
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0410
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0415
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0415
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0415
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0415
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0415
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0420
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0420
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0420
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0420
http://refhub.elsevier.com/S1521-6616(18)30721-6/rf0420

	Autoimmune and angiogenic biomarkers in autoimmune atherosclerosis
	Introduction
	The brief pathogenesis of autoimmune atherosclerosis
	Genetic factors
	Environmental factors
	Autoantibodies
	Inflammatory and vascular mediators in the development of vascular pathology
	Use of cardiovascular and angiogenic biomarkers in monitoring therapeutic efficacy
	Single biomarker or multi-biomarker approach?
	Acknowledgements
	References




