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Abstract

Atherosclerosis is regarded as one of the leading causes of mortality and morbidity in the world. Nowa-
days, it seems that atherosclerosis cannot be defined merely through the Framingham traditional risk
factors and that autoimmunity settings exert a remarkable role in its mechanobiology. Individuals with
autoimmune disorders show enhanced occurrence of cardiovascular complications and subclinical
atherosclerosis. The mechanisms underlying the atherosclerosis in disorders like rheumatoid arthritis,
systemic lupus erythematosus, antiphospholipid syndrome, systemic sclerosis and Sjogren’s syndrome,
seem to be the classical risk factors. However, chronic inflammatory processes and abnormal immune
function may also be involved in atherosclerosis development. Autoantigens, autoantibodies, infectious
agents and pro-inflammatory mediators exert a role in that process. Being armed with the mecha-
nisms underlying autoimmunity in the etiopathogenesis of atherosclerosis in rheumatic autoimmune
disorders and the shared etiologic pathway may result in substantial developing therapeutics for these
patients.
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INTRODUCTION

Atherosclerosis is a multifactorial disorder that starts
early in life and finally is clinically presented later in
life. This complication is primarily regarded as an
impairment in the immune system in association with
the vascular system. Isolation of immune cells such as
lymphocytes and macrophages from atherosclerotic les-
sons implies involvement of the immune system in the
etiopathogenesis of atherosclerosis."? Inflammation
may exacerbate atherosclerosis through various
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approaches after infectious diseases, autoimmunity and
other proatherogenic modifications during the inflam-
matory settings.

Autoimmune rheumatic diseases (AIRDs) have
been accompanied with increased risks of cardiovas-
cular-associated mortality and morbidity, mainly
after atherosclerosis events. This can be attributed to
traditional risk factors of atherosclerosis and therapy
with specific drugs like corticosteroids. Several AIRDs
are clearly associated with higher cardiovascular dis-
ease (CVD) as well as progression of subclinical
atherosclerosis, which may occur prior to the mani-
festation of clinical disease and, therefore, be a tar-
get of early diagnosis and preventive therapeutic
strategies.>*

In this review article, we intend to go through the
findings about atherosclerosis and CVD events occur-
ring during AIRDs.
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IMMUNOPATHOGENESIS OF
ATHEROSCLEROSIS

Immune system cells are present in atherosclerotic
plaques, proposing that they play a role in the
mechanobiology of atherosclerosis. Infiltration of
immune cells to the plaque lesions as well as their acti-
vation can occur after several triggering factors like
immune response to infectious microbes.> These
immune cells are believed to exacerbate atherosclerosis
progression, since depletion of CD4" and CD8" T cells
significantly declined the formation of fatty streaks in
C57BL/6 mice. Moreover, breading of mice with severe
combined immunodeficiency (SCID) and apolipopro-
tein E (ApoE)-knockout mice resulted in a 73% decline
in aortic fatty streaks in offspring in comparison to
mice with normal healthy immune systems. In addi-
tion, transferring of CD4" T cells to immunodeficient
mice led to increased lesion areas.® Thus, it is clear that
atherosclerosis has an autoimmune setting, in which
the immune cells within plaques release several cytoki-
nes, such as interleukins (IL), tumor necrosis factor
(TNF)-0, and platelet-derived growth factor (PDGF)
(Fig. 1).

During atherosclerosis development, a cellular

immune response specifically against oxidized low-
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density lipoprotein (oxLDL), heat-shock proteins
(HSPs) and 2-glycoprotein-I (2GPI) has been identified,
implying the role of these molecules in atherosclerosis
processes.’ Atherosclerotic lesions obtained from caro-
tid endarterectomies possess 2GPI, which is highly
expressed within the intimal-medial border of human
atherosclerotic plaques and the subendothelial area.”
Upon engraftment of lymphocytes from 2GPI-immu-
nized LDL-receptor-deficient mice into syngeneic mice,
the host mice demonstrated aggravated fatty streaks in
comparison to mice obtaining lymphocytes from
healthy mice.® T cells against 2GPI can worsen
atherosclerosis, proposing 2GPI as a autoantigen during
atherosclerosis development. It seems that several speci-
fic cell lines responding to specific antigens can modify
atherosclerosis through exacerbation or amelioration of
its procedure.

On the other hand, a number of autoantibodies has
been associated with increased risk of atherosclerosis
and its clinical picture. In an animal study, it was
observed that administration of anti-cardiolipin anti-
bodies to LDL-receptor-deficient mice led to elevation
of anti-cardiolipin production and increased atheroscle-
rosis lesions.” Moreover, immunization of mice with
2GPI eventuated in intense cellular (CD4" cells)
responses against 2GPI, as well as increased levels of

£ Ragl1/2
\ knockout

'TNF binding

[ Anti-atherogenic cytokines ]

Figure 1 The balance of pro- and anti-atherogenic cytokine networks in atherosclerosis. IFN, interferon; IL, interleukin; MCP,
monocyte chemotactic protein; TGF, transforming growth factor; TNF, tumor necrosis factor.
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anti-2GPI antibodies that were accompanied with
aggravated atherosclerotic lesions.

Oxidized low-density lipoprotein is up-taken by
macrophages, which then are modified to foam cells
and develop atherosclerotic events. Anti-oxLDL anti-
bodies are seen in healthy individuals as well as in
AIRD patients with atherosclerosis.'® Among the evalu-
ations of various lipoproteins, anti-oxLDL autoantibod-
ies distinguished properly between patients with
peripheral vascular disorder and a control group. More-
over, there was a positive trend for increased autoanti-
body levels in subjects with more intense
atherosclerosis.'' In several AIRDs, including systemic
vasculitides,'® systemic sclerosis (SSc)'? and systemic
lupus erythematosus (SLE),'*> the autoantibodies
against oxLDL were higher in comparison to controls.
Furthermore, a correlation was observed between the
level of antibodies to oxLDL and total immunoglobulin
levels in SLE patients, while there was no correlation
between the total immunoglobulin levels and antibod-
ies to other antigens. This issue demonstrates that there
is an increased total immunoglobulin level in patients
with SLE that is against to some specific antigens, such
as oxLDL."?

ATHEROSCLEROSIS IN AUTOIMMUNITY
Atherosclerosis and rheumatoid arthritis

Rheumatoid arthritis (RA) patients show declined life
expectancy and mortality ratios range from 0.87 to 3.0
compared with the healthy population.'? Studies have
reported that CVDs are responsible for main cause of
mortality in various cohorts of RA populations.'*'*
Moreover, evidence implies that mechanisms underly-
ing increased CVD mortality in RA are not completely
understood.'* Various types of cardiac complications
have been reported in RA individuals. However,
ischemic heart disease occurring after atherosclerosis
appears to be the main reason of CVD-associated
deaths in RA cases.'®'® Cigarette smoking has been
known as a risk factor for RA onset and progression that
increases the disease severity and rheumatoid factor
levels in a dose-dependent manner.'® Nonetheless, sev-
eral researches could not determine smoking as a pre-
dictor of CVD-associated deaths in inflammatory
polyarthritis and seropositive RA.'” RA treatment
approaches and lifestyle of these patients may result in
hypertension, diabetes mellitus, physical inactivity and
obesity; however, evidence does not support clearly the
implication of such factors in the accelerated atheroscle-
rosis development in RA cases.'>'> As a frequently used
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drug in RA treatment, methotrexate increases homocys-
teine levels in plasma, which has been recognized as a
new and modifiable risk factor for CVD development in
the general population.'® During therapy with
methotrexate treatment, continuous folate supplemen-
tation reduced homocysteine levels and declined CVD-
associated mortality in patients with RA.'® Findings
about the role of dyslipidemia in RA patients are incon-
gruous. However, more reliable data demonstrated that
an increase in small LDL and decreased high-density
lipoprotein (HDL) levels occurred after chronic inflam-
mation development rather than being a primary meta-
bolic modification in RA."?

Rheumatoid arthritis by itself confers a remarkable
risk factor for development of early atherosclerosis as
well as CVD.'” In this context, several researchers pro-
posed that impaired immune system and chronic
inflammation in RA play key roles in development of
accelerated atherosclerosis.'*>'> Similar to the RA joint,
atherosclerotic lesions are manifested through overex-
pression of adhesion molecules as well as increased
cells secreting proinflammatory cytokines that infil-
trated to the plaques by responding to chemoattractant
mediators released by locally activated endothelia. It
seems that collagen-degrading mediators are involved
in destabilization of atherosclerotic plaques and carti-
lage and bone erosion of the joints in RA patients. As a
result, it can be concluded that the chronic and systemic
inflammation in RA may induce early events and hence,
development of accelerated atherosclerosis. Redundant
cardiovascular-related mortality occurs frequently in RA
patients alongside with more widely diffuse and sys-
temic complications, which may manifest through vas-
culitis and lung involvement."?

Despite this observation of rheumatoid vasculitis
having a role in developing atherosclerosis, there is evi-
dence proposing that vessel dysfunction is an important
event during early endothelial damage in RA cases.
Endothelial dysfunction has been observed in some
cohort studies of RA patients, unrelated to age of
patients, disease duration, disease activity levels and
seropositive status.””?' Although various factors could
modify the mechanobiology of the endothelium, accu-
mulating lines of evidence provide the view that
endothelial dysfunction in RA patients is substantially
associated with inflammation. It was observed that
abnormal function of endothelium in young RA
patients with low disease activity was predicted via C-
reactive protein (CRP) and LDL levels. Chronic abnor-
mal function of endothelium causes susceptibility to
vascular wall damage, which can be diagnosed through
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carotid intima-media thicknesses (IMT) during the pre-
clinical stage, prior to clear disease manifestation. A
bulk of studies have reported enhanced carotid IMT in
RA patients.”>2* However, this observation could not
be justified by corticosteroid therapy but seems to be
relevant to systemic inflammation manifestations and
disease duration, assigning a role for RA as a risk factor
for atherosclerosis development. As an immunological
factor exerting a common pathogenic player in both RA
and atherosclerosis, a specific category of CD4" T cells
(CD4* CD28™!" T cells) has attracted highlighted con-
cern. After stimulation via endothelial autoantigens pre-
sent in the peripheral blood of RA patients with
unstable angina pectoris, CD4* CD28™!' T cells are
expanded.”® In addition, these cells infiltrate into the
atherosclerotic plaques and exhibit a proinflammatory
phenotype with the potential of damaging tissue, which
mediates vascular injury.>®> It has been shown that
CD4* CD28™! T cells exert a contributory role in early
development of atherosclerosis in RA patients. RA
patients with increased proliferation of CD4* CD28™!
T cells show an enhanced level of abnormal endothelial
function as well as increased carotid IMT in relation to
RA patients lacking proliferation of these cells.”*?

Atherosclerosis and SLE

Systemic lupus erythematosus is a chronic autoimmune
disorder that affects several organs and exhibits a wide
spectrum of clinical presentations. Young women are
predominantly affected with SLE, which generally does
not demonstrate  atherosclerosis  development.
Nonetheless, CVDs have been reported to be an impor-
tant cause of mortality and morbidity in patients with
SLE.”® In SLE patients, coronary artery disease has been
reported with a prevalence of 6-10% and the develop-
ment risk 4-8 times higher in relation to the normal
population.?”?® As well, 3-25% of deaths in SLE
patients has been reported to have underlying acute
myocardial infarction.”®*” In a bimodal study describ-
ing the death causes due to SLE, it was demonstrated
that early causes were associated with SLE itself or infec-
tions, and late causes were mediated by CVD.*° Further-
more, substantial atherosclerotic complications were
seen in over 50% of fatalities in postmortem studies but
were unrelated to the cause of death.?" Atherosclerosis
has frequently been reported in SLE patients in compar-
ison to the general population, and it represents acceler-
ated development in both SLE and diabetes mellitus
patients.?”*®

Despite atherosclerosis development being frequently
observed early in the course of SLE, later age occurrence
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appears to be the main atherosclerosis determinant in
these patients.””?® In addition, the average count of
changeable traditional risk factors about atherosclero-
sis, such as arterial hypertension, hypercholesterolemia
diabetes mellitus, smoking and obesity, is higher in SLE
patients in relation to the normal population.*? Clinical
studies on atherosclerosis demonstrated that older age
at disease diagnosis, hypertension and hypercholes-
terolemia were the traditional risk factors predicting
clinical manifestations.””"**?> Nonetheless, Framing-
ham risk factors, including age, sex, LDL, HDL and
blood pressure, cannot explain atherosclerosis, which
has been attributed to complicated interactions
between traditional risk factors and factors related to
the disease per se or its therapies. Cumulative dosage
and prolonged corticosteroid treatment as well as
longer disease duration are nontraditional risk factors
that probably are the major predictors of atherosclerosis
in SLE patients.””*® Some recently identified risk factors
contributing to atherosclerosis development are
immunological factors such as anti-cardiolipin, anti-
oxLDL, anti-2GPI, anti-HSP antibodies, inflammatory
markers such as fibrinogen, CRP, inteleukin (IL)-6,
CD40/CD40L, adhesion molecules, coagulation factors,
such as plasminogen activator inhibitor-1 (PAI-1) and
homocysteine. Researchers trying to identify diagnostic
approaches are able to disclose an increased prevalence
of cardiovascular lesions, since they potentially identify
subclinical atherosclerosis.

Impaired mechanobiology of the coronary circulation
has been observed in 40% of patients with SLE** that
could be even higher.’ Calcifications of the coronary
artery were identified in 31% of SLE patients and were
significantly increased in SLE patients in comparison to
control subjects.*® The most frequently used approach
for the diagnosis of subclinical atherosclerosis is
through carotid B-mode ultrasound, which detected
carotid plaques in 17-65% of SLE patients.>’™*' That
notwithstanding, carotid ultrasound directly examines
only the carotid artery; this method supplies a precise
evaluation of subclinical atherosclerosis.

The examination of risk factors for clinical atheroscle-
rosis seems to be difficult in SLE since the cardiovascu-
lar complications are less frequently detected due to
low SLE prevalence. The investigation of subclinical
atherosclerosis has the benefit of sullying an increased
number of lesions, resulting in suitable measurement of
risk factors. A study demonstrated that focal atheroscle-
rotic plaques were as frequent as 40% out of 175 SLE
women, as diagnosed by B-mode ultrasound. Moreover,
the study detected a negative correlation between
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disease activity and plaques.®>” By ultrasound approach
for detecting the common carotid artery in 26 SLE
patients with previous history of CVDs, SLE patients
without previous history CVD, and 26 healthy control
cases, plaques were identified in 65% of SLE cases with
CVD, 38% of SLE subjects without CVD, and 11% of
the healthy control cases.’® Among the items identified
more frequently in SLE cases with CVD in comparison
to SLE patients without CVD that were associated with
CVD were lupus anticoagulant, increased steroid cumu-
lative dosage, osteoporosis-increased triglyceride levels,
l-antitrypsin, oxLDL, anti-oxLDL, lipoprotein(a),
homocysteine and low HDL levels.

In a case—control study applying carotid ultrasound,
plaques were found in 37% and 15% of SLE patients
and healthy control, respectively.>” It was demon-
strated that two factors were associated with plaques
using the multivariate analysis of risk factors, namely
age and SLE diagnosis. On the other hand, factors
associating with plaques in SLE patients were longer
duration of disease, older age at diagnosis, higher
damage-index score, anti-Sm antibody absence, and
no use of hydroxychloroquine and cyclophosphamide.
It was suggested that attenuated disease severity and
therefore, low administration of immunosuppressive
drugs increased the risk of plaque development.
Nonetheless, the patients with less severe disease activ-
ity were older than patients with high disease inten-
sity. Thus, the higher prevalence of plaques in this
group could be related not to milder disease but
rather to age itself, a factor not considered by the
authors in the multiple regression analysis for disease-
related factors. On the other side, in a study evaluat-
ing female SLE cases without CVD, plaques were iden-
tified in 32% of patients and determinants of plaques
were higher systolic blood pressure, lower HDL levels,
use of antidepressants and older age.*'

In research to prospectively evaluate the implications
of the traditional and nontraditional factors related to
subclinical atherosclerosis in SLE patients without CVD,
the intima was found to be thickened in 28% of
patients and plaques were identified in 16.6% of them.
Moreover, age and cumulative prednisone intake were
found to be associated with abnormalities in the carotid
artery. It seems that an interaction between traditional
risk factors, most importantly age, and nontraditional
risk factors, particularly cumulative prednisone intake,
could be associate with atherosclerosis in SLE
patients.*® As a predictor of atherosclerosis, age of cases
appeared to be of greater importance in SLE patients
compared with the general population. This may stem
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from adverse effects in older patients due to disease
severity and treatment.

Atherosclerosis and SSc

Systemic sclerosis mainly affects the microcirculation
and also microvascular endothelial cells, which lead to
blood vessel obstruction and tissue anoxia.*? Further-
more, SSc considerably accelerates the endurance of the
vessel wall of the macrocirculation, raising the risk of
vascular obstructive disorder.”> The relationship
between atherosclerosis and SSc was first elucidated in
some SSc patients who experienced lower limbs ampu-
tation due to peripheral macrovascular disorder.** Four
patients with SSc were described with extensive
macrovascular involvement of the lower limbs. How-
ever, the ulnar artery biopsy demonstrated a distinct
vessel narrowing without plaques in these patients.** In
limited cutaneous SSc (ISSc), macrovascular disorder
was identified in 58% of patients (18 of 31 patients),
and 16% (five patients) of patients underwent lower
limbs amputation. Biopsies demonstrated severe inti-
mal thickening, extensive proliferation with degenera-
tion of the internal elastic lamina, and plasma cellular
and transmural lymphocytic infiltrate.*> In 10 of 53 SSc
patients, 6.5% had cerebrovascular disease, 15.2% coex-
istent ischemic heart disease and 21.7% intermittent
claudication (21.7%).** The study by Soriano et al. of
the main arteries of the abdomen, limbs and neck,
showed that initially the ulnar artery was obstructed,
which was ascertained by angiography in 15 patients
and subtraction angiography in nine of 26 SSc patients.
Angiography detected lower-limb involvement and also
a raised stiffness of the radial artery.*® In approximately
64% of SSc patients versus 35% of healthy subjects, the
carotid artery was affected.*” In addition, the involve-
ment of the carotid artery was identified in 53 SSc
patients.?” The evaluation of IMT in the common caro-
tid artery by ultrasound showed significant increase.
The IMT was significantly correlated with the existence
of the D allele of the angiotensin-converting-enzyme
(ACE) gene, which facilitates atherosclerosis.*”> The
increased frequency of the D allele significantly corre-
lates with the incidence of SSc.*® These studies propose
that considerably higher IMT and deletion/deletion
(DD) or insertion/deletion (ID) variants of ACE gene
are associated and increase the risk of macrovascular
involvement in SSc.

In diffuse SSc the involvement of vessel network
broadens from the microcirculation to the macrocircu-
lation. The diffuse involvement of the vascular tree
could be related first with two factors: the tendency of
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the single case to atherosclerosis and disease pathogene-
sis. These two key factors can be synergized, thus affect-
ing the integrity of the vessel network. In genetically
susceptible SSc cases, determined by increased levels of
LDL in oxidation state, oxidative stress and ischemia,*’
vessel wall inflammation and fibrosis are induced,®
which eventually leads to SSc-associated vascular
endothelial damage and finally generates a noxious
loop involving the macrocirculation and microcircula-
tion. In this situation, pathogenetic elements contribut-
ing to endothelial destruction, including dysfunction of
the coagulation and fibrinolytic system, anti-endothe-
lial cell antibodies, soluble intercellular adhesion mole-
cule-1, CRP, and a rise of serum levels of homocysteine,
may significantly promote the risk of accelerated
macrovascular disorder.”’ 3 From the therapeutic per-
spective, the vessel wall protecting agents, such as
antioxidants and statins,>*>> might become a possible
options for the management of macrovascular and
microvascular involvement in SSc patients. Overall, the
extent of increased risk of atherosclerosis in SSc is not
yet fully clear. Further studies are needed to address this
specific question.

Atherosclerosis and Sjogren’s syndrome

Sjogren’s syndrome (SS) is a heterogeneous systemic
autoimmune disorder determined by chronic lympho-
cyte infiltration of exocrine gland tissues and autoanti-
body production. The common manifestation of SS is
highlighted by systemic organ involvement including
nervous system, gastric, musculoskeletal, renal and pul-
monary diseases. Furthermore, sicca syndromes fre-
quently have been reported is SS patients. However,
cardiac muscle involvement is very rare among SS
patients. In a recent study, evaluation of SS patients and
those with SS secondary to SLE, none of them had car-
diac involvement.”® Moreover, the association between
atherosclerotic plaque expansion and the occurrence of
secondary SS in RA and SLE patients did not reach a sta-
tistically significant threshold.?”

There are some case report studies that demonstrated
the occurrence of cardiac stroke among young patients
with primary SS. Nevertheless, those cardiac strokes
were mostly associated with vasculitis and not attribu-
ted to accelerated atherosclerotic plaque develop-
ment.’®*>° It has been reported that patients with
primary SS were identified as having lower circulating
anti-lipoprotein lipase autoantibodies compared with
SLE or RA patients and healthy individuals. These speci-
fic autoantibodies have been related to increased levels
of triglycerides in serum and probably an elevated risk
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of atherosclerosis.®® Taken together, the number of
studies evaluating the risk and incidence of atheroscle-
rosis between primary SS patients is not adequate. Thus,
we propose that further studies are warranted to assess

atherosclerosis  susceptibility among primary SS
patients.
THERAPEUTIC APPROACHES

Therapeutic strategies (Fig. 2) for arthrosclerosis and
other CVDs should be managed according to the clini-
cal manifestation.®’ Many patients who are susceptible
to thrombosis and vascular occlusion, such as antiphos-
pholipid syndrome and SLE patients, are prescribed
aspirin which can reduce the possibility of vascular
thrombosis, beyond the pro-coagulant activity of
autoantibodies and underlying mechanisms, the
increased arthrosclerosis development characterizing
these diseases.®? Still, the key point primarily should be
that the best therapeutic approach is prevention.®® In
patients with autoimmune disorders the risk of
arthrosclerosis and other CVDs are increased not only
because of the autoimmune state, but also due to dis-
ease consequences, such as nephritis, which lead to
nephrotic syndrome and hypertension, as well as drugs
such as steroids.®® In addition, other possible risk fac-
tors should be elucidated in autoimmunity. In patients
with SLE, increased levels of very LDL cholesterol,
triglycerides, and homocysteine and also decreased
levels of apoA-1 and HDL cholesterol have been
described.®>®  Accordingly, atherosclerosis patients
should take preventive therapy based on instructions
for blood pressure control, regular exercise, and when
the usage of folic acid and statins is necessary.®’
Immunomodulation of atherosclerosis is an interesting
option, although it is still in the infancy stage.®®
Immunomodulation approaches have been developed
based on several methods, including immunosuppres-
sion, use of intravenous immunoglobulins (IVIg),
induction of oral tolerance with autoantigens (for
instance oxLDL), cytokine inhibitors, gene therapy and
bone-marrow transplantation.

Vaccination against atherosclerosis?

The finding of atheroprotective immunity has shed a
new light on the possibilities for immunoprevention or
immunotherapy.®® The application of atherosclerosis-
related antigen should specifically induce those effective
T cell-dependent antibodies that operate to decrease
atherogenesis.”® At least theoretically, atheroprotective
immunity should be induced without activation or
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Inflammatory reaction

Apo Al
LCAT
ABCALI transporter

TIMPs
Cyclooxygenase
Hirudin
Thrombomodulin

Figure 2 Therapeutic targets and potential target genes in treatment of atherosclerosis in autoimmune rheumatic disease patients.
ABCA1, adenosine triphosphate-binding cassette transporter 1; Apo Al, apolipoprotein Al; CCR, C-C chemokine receptor; Ec-
SOD, extra-cellular superoxide dismutase; ICAM, intracellular adhesion molecule; IL, interleukin; LCAT, lecithin cholesterol acyl-
transferase; LDL, low-density lipoprotein; MCP, monocyte chemotactic protein; NOS, nitric oxide synthase; PAF-AH, platelet-acti-
vating factor acetylhydrolase; TIMP, tissue inhibitor of metalloproteinase; TNF, tumor necrosis factor; VCAM, vascular cell

adhesion molecule.

interference of other elements of the immune system.
The principle explanation behind preventive immunity
in atherosclerosis is to promote a specific immune
response that would decrease the progression of
atherosclerosis.”! In murine models of atherosclerosis,
immunization with modified epitopes of LDL led to
decreases in atherosclerosis lesions.”””? These data
determine that the humoral immune response against
oxLDL is protective.”® Furthermore, immunization with
oxLDL also led to decreased neo-intimal formation fol-
lowing balloon damage.”> However, the findings of dif-
ferent studies about the importance of oxLDL
antibodies in association or prediction of atherosclero-
sis are inconsistent and inconclusive. The increased
levels of anti-oxLDL antibodies were predictive of mor-
tality, myocardial infarction occurrence and carotid
atherosclerosis progression.”* The autoantibodies direc-
ted against oxLDL are likely belong to two separate
families of antibodies.”> On one side, ‘pathogenic’
antibodies increase atherosclerosis progression and
significantly correlate with atherosclerotic plaque

914

formation.”® On the other side, immunization with
oxLDL could stimulate the production of autoantibod-
ies directed against large particle antigens, which play
atheroprotective rather than atherogenesis roles in
atherosclerosis.”” These particular antibodies can oper-
ate as promoting the clearance of the antigen—autoanti-
body complex rather than increasing its deposition in
the arterial intima.”! The development of monoclonal
antibodies against specific epitopes of oxLDL, have
shown that these monoclonal antibodies could inhibit
the uptake of oxLDL by macrophages. In addition, anti-
oxLDL antibodies could inhibit the uptake of apoptotic
cells by macrophages.”® In Watanabe hyperlipidemic
rabbits, the study by Palinski et al. described that par-
enteral vaccination with oxLDL particles decrease
atherosclerosis.”” Subsequently, in fat-fed NZ White
rabbits, LDL receptor (ldlr) /= mice and ApoE ™/~ mice
similar results were reported.”>”® Thus, these results
illustrated that atheroprotective immunity can be
achieved by vaccination. It seems that this active immu-
nization operates through humoral as well as cellular
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immunity and protection is achieved by secretion of
natural IgM antibodies against phosphocholine and as
well as T cell-dependent IgG antibodies against
oxLDL.®® in particular, active immunization with
oligopeptides of the ApoB100 also modulates
atherosclerotic plaque formation.®! This specific manip-
ulation in the immune system generally leads to activa-
tion of antigen-specific T helper cells by presentation of
antigen through the major histocompatibility complex
class II pathway. Accordingly, the possible contribution
of T helper cell responses in atheroprotection can be
deduced. However, it should be elucidated whether T
helper cell responses operate via induction of high-titer
antibodies against oxLDL or by immunoregulatory
loops, which are mediated through Treg cells. In any
event, up to now immunization data are promising and
further efforts should be made in development of effec-
tive vaccines against atherosclerosis.

Immunosuppression

When atherosclerosis is attributed to an immunological
process, it is essential to demonstrate whether this
active immunological process leads to or instead pro-
tects from atherosclerosis. Another scenario is also pos-
sible, as in terms of disease or health statuses, both
activities of the immune response could be happening
in atherosclerosis; in other words it is a double-edged
sword. Limited data emphasize this scenario. The treat-
ment of C57BLy6 mice with cyclosporin A (an
immunosuppressive  agent) led to accelerated
atherosclerosis, which suggests a preventive function of
T cell-mediated response at the fatty streak stage.®” Para-
doxically, the depletion of CD4" and CD8" T cells
decreased fatty streak formation in C57BLy6 mice, rep-
resenting the aggravated role of T cells in fatty streak
formation.®* The offspring from the cross of immunod-
eficient scid/scid mice with ApoE knockout mice had a
73% decrease in aortic fatty streak lesions formation
compared to healthy control mice.®** The transfer of
CD4" T cells from immunocompetent to the immunod-
eficient mice, led to 164% increase in fatty streak
lesions formation.®® This finding was associated with
transferred T cells into the atherosclerosis lesions.
Another study also pointed to the influence of T cells in
atherosclerosis: the intraperitoneal transfer of lympho-
cytes from LDL receptor-deficient mice which were
immunized with B2-glycoprotein-1 into syngeneic mice
lead to the formation of larger fatty streak lesions in the
recipients mice, compared with mice that were trans-
ferred with lymphocytes from healthy control mice.®
The depletion of T cells from whole lymphocyte

International Journal of Rheumatic Diseases 2018; 21: 908-921

Atherosclerosis and autoimmunity

populations failed to induce fatty streak lesions. There-
fore, B2-glycoprotein-I reactive T cells play a critical role
in atherosclerotic plaque formation and immunosup-
pression could be a more interesting option in the treat-
ment of atherosclerosis. The infiltrated leukocytes in
atherosclerotic plaques express CD40 and CD40 ligand
molecules. In LDL receptor-deficient mice, the treat-
ment with anti-CD40 ligand antibody significantly
modulates atherosclerotic plaque formation.®> These
findings propose that depletion of T cell populations
and/or inhibition of T cell responses could help to
reduce atherosclerosis. This situation also occurs in
cytotoxic agent administration during bone marrow
transplantation or cancer therapy. Nevertheless, the
problem is considerably more complicated, because
these specific antibodies not only predispose us to
infections but also have noxious effects on the vascular
wall components that could facilitate atherosclerosis
progression. Thus, the real consequence of immuno-
suppression might be even progression of atherosclero-
sis instead of inhibition.

Induction of tolerance

Beyond the role of oxLDL particles in immunization,
intervention in mice at earlier stages with this antigen
might induce tolerance.®® In the study by Nicoletti et al.
the intervention of newborn ApoE knockout mice with
oxLDL and a high-cholesterol diet lead to decrease of
the immune response against oxLDL and also
atherosclerosis susceptibility in mice.®” The interven-
tion with oxLDL lead to clonal deletion and T cell toler-
ance instead of T cell anergy.

Intravenous immunoglobulin

Intravenous immunoglobulins which is prepared from
serum immunoglobulins of numerous donors is mainly
composed of the IgG isotype. It has several indications,
including autoimmune diseases, alloimmune thrombo-
cytopenia, idiopathic thrombocytopenic purpura, Guil-
lain—Barré syndrome and various immunodeficiency
states.® Because atherosclerosis is an active immunologi-
cal process, IVIg containing anti-idiotypic antibodies and
natural antibodies could modulate the atherosclerosis
process.*” Hence, inoculations of 49-day-old ApoE
knockout mice with IVIg for 5 days significantly
decreased fatty streak lesion formation by 35% in about
60 days.”® Moreover, the inoculation of mice with IVIg,
significantly decreased fibrofatty lesions induced by
4 months of regime treatment. Therefore, IVIg was
reported be effective not only during plaque formation,
but also during fatty streak lesion formation in
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Table 1 Vector systems for gene therapy of cardiovascular disease

Vector Advantages

Disadvantages

Adenovirus Transduce dividing and nondividing cells
High-level expression

Relatively easy to produce to high titer
Nonintegrating

Large transgene capacity

Transduce dividing and nondividing
Cells

Nonpathogenic

Low immunogenicity

Integrating

Adeno-associated
virus

Long-lasting and stable transgene expression

Lentivirus Transduce dividing and nondividing
Cells
Low immunogenicity

Integrating

Long-lasting and stable transgene expression

Retroviruses Low immunogenicity
Integrating
Nonpathogenic

Easy to produce

Liposomes

Short-lasting expression
Host immune and inflammatory reactions

Limited transgene capacity
Risk of insertional mutagenesis due to random integration
Laborious production procedure

Relatively low transfection efficiency
Risk of insertional mutagenesis
Laborious production procedure

Transduce only dividing cells
Low efficiency

Poor efficiency

Transient expression

atherosclerosis.”® Finally, IVIg therapy induced the inac-
tivation of lymph nodes and spleen T cells, and led to a
significant decrease in anti-oxLDL IgM antibodies.”!

Gene therapy

Gene therapy is a potential new strategy to target several
factors participating in progression and development of
atherosclerosis. Several genes that participate in the pro-
gression of atherosclerosis have been recognized and
have been evaluated as potential new options for ther-
apy’” (Fig. 1). The importance of using gene therapy to
modulate immune responses actually depend on specif-
ically targeting the expression of adhesion molecules on
the vascular wall and chemokines to affect the progres-
sion of atherosclerosis. In humans, there are few clinical
trials of gene therapy for different cardiovascular disor-
ders. Several vector systems for gene therapy in CVD
have been developed (Table 1). Retroviral-mediated
vector of the encoding LDL receptor gene to the liver of
familial hypercholesterolemia patients was effectively
delivered, although LDL levels remained raised.”’
Another study about a phase 1 clinical trial of intra-
muscular delivery of VEGF (vascular endothelial growth
factor) encoding vector in the severe peripheral vascular
disease milieu has been conducted. The delivery of
VEGF encoding vector was implemented in 10 organs
in nine cases suffering from non-healing ischemic foot
ulcers. In that study the elevated levels of circulating
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VEGF and subsequently, objective evidence of
improved distal flow in limbs was described.’* In some
of the patients where conventional therapy was not
effective, the direct delivery of VEGF plasmid into the
myocardium was conducted and significant improve-
ment in angina and also reduced ischemia was reported
in all patients.”>°® Furthermore, similar findings were
obtained within adenoviral base vector for delivery of
VEGF to ischemic myocardium.”®

Cytokine network manipulation

The cellular components of atherosclerotic lesions, like
autoimmune diseases, secrete numerous inflammatory
cytokines including TNF, PDGEF, interferon (INF)-v,
IL1, IL-2, IL-6, IL-8 and IL-12.°” Accordingly, several
studies have been designed to inhibit the detrimental
effect of these cytokines in atherosclerosis and they pro-
vide an effective approach for treatment of atherosclero-
sis”® (Fig. 2). Fortunately, in some of them encouraging
results have been reported. In a cohort study of 130
elderly man, there was a significant association between
circulating TNF-o levels and atherosclerotic plaque for-
mation.”® Vascular calcification is an ectopic phe-
nomenon that usually happens in atherosclerosis.'
TNF-o0 within atherosclerotic plaque lesions also con-
tributes to bone formation. It has been shown that
treatment of bovine aortic smooth muscle cells (which
are able to stimulate osteoblastic differentiation) with
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TNF-o led to morphological alterations into osteo-
blast-like cells.'®’ Moreover, they raised the expression
of matrix mineralization and alkaline phosphatase as
evaluated by incorporation of calcium into the matrix.
In particular, pretreatment of bovine aortic smooth
muscle cells with KT5720 (protein kinase A specific
inhibitor) reduced TNF-o-induced mineralization and
cell morphology.'®" This finding recommends that
TNF-o inhibition might attenuate calcification of
atherosclerosis. Targeting of other cytokine families
also has a critical role in modulation of atherosclero-
sis. In a rat model of the carotid artery, decrease in
transforming growth factor (TGF)-B levels through
ribozyme oligonucleotide targeting of the TGF-f gene
led to a substantial suppression of neointimal forma-
tion after vascular damage.'®> This suppression of
neointimal formation was associated with significant
decrease of collagen synthesis.'®”> Furthermore, ApoE
and INF-y knockout mice (double knockout) had a
considerable reduction in the size of atherosclerotic
lesions, compared to ApoE wild type mice.'®®> A sub-
stantial reduction in lesion cellularity and lesion lipid
accumulation was described. However, collagen con-
tent of lesions was elevated.'®® In mice with the INF-y
knockout gene, a significant elevation in atheroprotec-
tive particles including phospholipid/ApoA-IV has
been shown.'®* Thus, INF-y promotes atherosclerosis
by systemic as well as local modification of plasma
lipoproteins and the arterial wall, respectively.'®> By
applying the immunodeficient mouse model, it has
been shown that INF-y can trigger atherosclerotic
modifications in the absence of competent immune
response. This process is conducted through vascular
smooth muscle cells to trigger growth-factor-stimu-
lated mitogenesis.'®® IL-8, as an inflammatory and
chemotactic cytokine, stimulates the proliferation and
migration of smooth muscle cells as well as vascular
endothelial cells.'®” It has been reported that
increased baseline IL-8 plasma levels are related with
an elevated susceptibility of long-term all-cause com-
plications in cases with acute coronary syndrome.'®®
Moreover, it has been elucidated that in acute coro-
nary syndrome, IL-8 via its angiogenic properties, may
contribute to atherosclerotic plaque formation.'® The
IL-8 receptor, C-X-C chemokine receptor (CXCR)2 is
highly expressed on macrophages within atheroscle-
rotic plaque lesions.'® In mice with CXCR2 defi-
ciency, the progression of accelerated atherosclerosis is
significantly decreased; hence, it is possibly a pro-
atherogenic factor.'°
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Statins as immunomodulators

Human leukocyte antigen (HLA)-II molecules have a
key role in T lymphocytes activation and immune
response hemostasis. Statins directly inhibit IFN-y-
induced expression of HLA-II, and therefore act as a
direct inhibitor of HLA-II-mediated T cell activation.'!
This effect of statins is mediated by suppression of the
inducible promoter IV of the HLA-II transactivator
CIITA, which is found in different cells of the immune
system, such as monocyte and endothelial cells.''? The
results of this study provide a defined mechanism for
the use of statins in the treatment of atherosclerosis.

CONCLUSION

Accelerated and early atherosclerosis is a distinct fea-
ture of some inflammatory and autoimmune disorders
due to more specific autoimmune mechanisms and
persistent inflammation. SLE and RA carry an elevated
susceptibility to atherosclerosis. In addition, SLE and
RA are highlighted by dominance of typical risk fac-
tors for coronary artery disorders and an elevated risk
of these disorders as well as an increased incidence of
subclinical atherosclerosis. However, in SSc and SS
patients, while there is a high frequency of macrovas-
cular disorders, the extent of increased risk of
atherosclerosis in these conditions is not yet fully
determined. Moreover, still no data exist to validate
elevated atherosclerosis in SSc and SS. The under-
standing of atherosclerosis as an active immune-asso-
ciated and autoimmune process is of critical
significance, not only for perception of its etiology
and pathogenesis, but also to facilitate the develop-
ment of effective therapeutic and preventive agents.
Up to now, most research is primarily in animal
models to modulate the development of atherosclero-
sis through the immune response. Therefore, it is
rational that applying the same strategies (cytokine
network manipulation, induction of tolerance, 1VIg,
active immunization and immunosuppression) which
have been used in the treatment of autoimmune dis-
eases, maybe effective in modulation or prevention of
atherosclerosis. The human application of these strate-
gies and their substitutes in reduction of morbidity
and mortality, would be an immense achievement in
medicine.

DISCLOSURE OF CONEFLICT OF INTEREST

None.

917



M. Sanjadi et al.

REFERENCES

1

10

11

12

13

14

15

918

Shoenfeld Y, Sherer Y, Harats D (2001) Atherosclerosis as
an infectious, inflammatory and autoimmune disease.
Trends Immunol 22 (6), 293-5.

Ross R (1999) Atherosclerosis—an inflammatory disease.
N Engl ] Med 340 (2), 115-26.

Hahn BH, Grossman ], Chen W, McMahon M (2007)
The pathogenesis of atherosclerosis in autoimmune rheu-
matic diseases: roles of inflammation and dyslipidemia. J
Autoimmun 28 (2), 69-75.

Bacon P, Stevens R, Carruthers D, Young S, Kitas G
(2002) Accelerated atherogenesis in autoimmune rheu-
matic diseases. Autoimmun Rev 1 (6), 338-47.

Prasad A, Zhu ], Halcox JP, Waclawiw MA, Epstein SE,
Quyyumi AA (2002) Predisposition to atherosclerosis by
infections. Circulation 106 (2), 184-90.

Zhou X, Nicoletti A, Elhage R, Hansson GK (2000) Trans-
fer of CD4" T cells aggravates atherosclerosis in immun-
odeficient apolipoprotein E knockout mice. Circulation
102 (24), 2919-22.

George ], Harats D, Gilburd B et al. (1999) Immunolocal-
ization of B 2-glycoprotein 1 (apolipoprotein H) to
human atherosclerotic plaques. Circulation 99 (17),
2227-30.

George ], Harats D, Gilburd B et al. (2000) Adoptive
transfer of f 2-glycoprotein I-reactive lymphocytes
enhances early atherosclerosis in LDL receptor-deficient
mice. Circulation 102 (15), 1822-7.

George ], Afek A, Gilburd B et al. (1997) Atherosclerosis
in LDL-receptor knockout mice is accelerated by immu-
nization with anticardiolipin antibodies. Lupus 6 (9),
717-29.

Wu R, Lefvert A (1995) Autoantibodies against oxidized
low density lipoproteins (oxLDL): characterization of
antibody isotype, subclass, affinity and effect on the
macrophage uptake of oxLDL. Clin Exp Immunol 102 (1),
174-80.

Bergmark C, Wu R, De Faire U, Lefvert A, Swedenborg J
(1995) Patients with early-onset peripheral vascular dis-
ease have increased levels of autoantibodies against oxi-
dized LDL. Arterioscler Thromb Vasc Biol 15 (4), 441-5.
Wu R, Svenungsson E, Gunnarsson I et al. (1999) Anti-
bodies against lysophosphatidylcholine and oxidized
LDL in patients with SLE. Lupus 8 (2), 142-50.

Van Doornum S, McColl G, Wicks I (2002) Accelerated
atherosclerosis: an extraarticular feature of rheumatoid
arthritis? Arthritis Rheumatol 46 (4), 862-73.

Solomon DH, Karlson EW, Rimm EB et al. (2003) Car-
diovascular morbidity and mortality in women diag-
nosed with rheumatoid arthritis. Circulation 107 (9),
1303-7.

Kaplan MJ, McCune WJ (2003) New evidence for vascular
disease in patients with early rheumatoid arthritis. Lancet
361 (9363), 1068-9.

16

17

18

19

20

21

22

23

24

25

26

27

28

George J, Shoenfeld Y (2000). The smoking-cancer-auto-
immunity connection. In: Shoenfeld Y, Gershwin Eric M
(eds) Cancer and Autoimmunity, pp 309-16. Elsevier Pub-
lishers, Amsterdam.

Del Rincén I, Williams K, Stern MP, Freeman GL, Esca-
lante A (2001) High incidence of cardiovascular events in
a rheumatoid arthritis cohort not explained by traditional
cardiac risk factors. Arthritis Rheumatol 44 (12), 2737-45.
Hornung N, Ellingsen T, Stengaard-Pedersen K, Poulsen
JH (2004) Folate, homocysteine, and cobalamin status in
patients with rheumatoid arthritis treated with
methotrexate, and the effect of low dose folic acid supple-
ment. ] Rheumatol 31 (12), 2374-81.

Maradit-Kremers H, Nicola PJ, Crowson CS, Ballman KV,
Gabriel SE (2005) Cardiovascular death in rheumatoid
arthritis: a population-based study. Arthritis Rheumatol 52
(3), 722-32.

Kumeda Y, Inaba M, Goto H et al. (2002) Increased
thickness of the arterial intima-media detected by ultra-
sonography in patients with rheumatoid arthritis. Arthri-
tis Rheumatol 46 (6), 1489-97.

Bergholm R, Leirisalo-Repo M, Vehkavaara S, Makimat-
tila S, Taskinen M-R, Yki-Jarvinen H (2002) Impaired
responsiveness to NO in newly diagnosed patients with
rheumatoid arthritis. Arterioscler Thromb Vasc Biol 22
(10), 1637-41.

del Rincén I, Williams K, Stern MP, Freeman GL, O’leary
DH, Escalante A (2003) Association between carotid
atherosclerosis and markers of inflammation in rheuma-
toid arthritis patients and healthy subjects. Arthritis
Rheum 48 (7), 1833-40.

Gerli R, Schillaci G, Giordano A et al. (2004) CD4"*
CD28" T lymphocytes contribute to early atherosclerotic
damage in rheumatoid arthritis patients. Circulation 109
(22), 2744-8.

Zal B, Kaski JC, Arno G et al. (2004) Heat-shock protein
60-reactive CD4* CD28™!' T cells in patients with acute
coronary syndromes. Circulation 109 (10), 1230-5.
Liuzzo G, Goronzy JJ, Yang H et al. (2000) Monoclonal
T-cell proliferation and plaque instability in acute coro-
nary syndromes. Circulation 101 (25), 2883-8.

Cervera R, Khamashta MA, Font J et al. (2003) Morbidity
and mortality in systemic lupus erythematosus during a
10-year period: a comparison of early and late manifesta-
tions in a cohort of 1,000 patients. Medicine 82 (5), 299—
308.

Petri M, Perez-Gutthann S, Spence D, Hochberg MC
(1992) Risk factors for coronary artery disease in patients
with systemic lupus erythematosus. Am J Med 93 (5),
513-9.

Manzi S, Meilahn EN, Rairie JE et al. (1997) Age-specific
incidence rates of myocardial infarction and angina in
women with systemic lupus erythematosus: comparison
with the Framingham Study. Am ] Epidemiol 145 (5),
408-15.

International Journal of Rheumatic Diseases 2018; 21: 908-921



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Jonsson H, Nived O, Sturfelt G (1989) Outcome in sys-
temic lupus erythematosus: a prospective study of
patients from a defined population. Medicine 68 (3),
141-50.

Urowitz MB, Bookman AA, Koehler BE, Gordon DA,
Smythe HA, Ogryzlo MA (1976) The bimodal mortality
pattern of systemic lupus erythematosus. Am J Med 160
(2), 221-5.

Bulkley BH, Roberts WC (1975) The heart in systemic
lupus erythematosus and the changes induced in it by
corticosteroid therapy: a study of 36 necropsy patients.
Am ] Med 58 (2), 243—64.

Petri M, Spence D, Bone LR, Hochberg MC (1992) Cor-
onary artery disease risk factors in the Johns Hopkins
Lupus Cohort: prevalence, recognition by patients, and
preventive practices. Medicine 71 (5), 291-302.

Gladman D, Urowitz M (1987) Morbidity in systemic
lupus erythematosus. J Rheumatol Suppl 14, 223—6.

Bruce IN, Burns RJ, Gladman DD, Urowitz MB (2000)
Single photon emission computed tomography dual iso-
tope myocardial perfusion imaging in women with sys-
temic lupus erythematosus. I. Prevalence and distribution
of abnormalities. ] Rheumatol 27 (10), 2372-7.

Sun SS, Shiau YC, Tsai SC, Lin CC, Kao A, Lee CC (2001)
The role of technetium-99 m sestamibi myocardial perfu-
sion single-photon emission computed tomography
(SPECT) in the detection of cardiovascular involvement
in systemic lupus erythematosus patients with non-speci-
fic chest complaints. Rheumatology 40 (10), 1106-11.
Asanuma Y, Oeser A, Shintani AK et al. (2003) Premature
coronary-artery atherosclerosis in systemic lupus erythe-
matosus. N Engl ] Med 349 (25), 2407-15.

Manzi S, Selzer F, Sutton-Tyrrell K et al. (1999) Preva-
lence and risk factors of carotid plaque in women with
systemic lupus erythematosus. Arthritis Rheumatol 42 (1),
51-60.

Svenungsson E, Jensen-Urstad K, Heimbiirger M et al.
(2001) Risk factors for cardiovascular disease in systemic
lupus erythematosus. Circulation 104 (16), 1887-93.
Roman M], Shanker B-A, Davis A et al. (2003) Prevalence
and correlates of accelerated atherosclerosis in systemic
lupus erythematosus. N Engl ] Med 349 (25), 2399-406.
Doria A, Shoenfeld Y, Wu R et al. (2003) Risk factors for
subclinical atherosclerosis in a prospective cohort of
patients with systemic lupus erythematosus. Ann Rheum
Dis 62 (11), 1071-7.

Selzer F, Sutton-Tyrrell K, Fitzgerald SG et al. (2004)
Comparison of risk factors for vascular disease in the car-
otid artery and aorta in women with systemic lupus ery-
thematosus. Arthritis Rheumatol 50 (1), 151-9.

LeRoy EC (1996) Systemic sclerosis. A vascular perspec-
tive. Rheum Dis Clin North Am 22 (4), 675-94.

Zeng Y, Li M, Xu D et al. (2012) Macrovascular involve-
ment in systemic sclerosis: evidence of correlation with

International Journal of Rheumatic Diseases 2018; 21: 908-921

44

45

46

47

48

49

50

51

52

53

54

55

56

Atherosclerosis and autoimmunity

disease activity. Clin Exp Rheumatol 30 (2 Suppl. 71),
S$76-80.

Cerinic MM, Valentini G, Sorano GG et al. (2003) Blood
coagulation, fibrinolysis, and markers of endothelial dys-
function in systemic sclerosis. Semin Arthritis Rheum 32
(5), 285-95.

Shoenfeld Y, Gerli R, Doria A et al. (2005) Accelerated
atherosclerosis in autoimmune rheumatic diseases. Circu-
lation 112 (21), 3337-47.

Soriano A, Afeltra A, Shoenfeld Y (2014) Is atherosclero-
sis accelerated in systemic sclerosis? Novel insights Curr
Opin Rheumatol 26 (6), 653-7.

Cannarile F, Valentini V, Mirabelli G et al. (2015) Cardio-
vascular disease in systemic sclerosis. Ann Transl Med 3
(1), 8.

Fatini C, Gensini F, Sticchi E et al. (2002) High preva-
lence of polymorphisms of angiotensin-converting
enzyme (I/D) and endothelial nitric oxide synthase
(Glu298Asp) in patients with systemic sclerosis. Am J
Med 112 (7), 540-4.

Piera-Velazquez S, Jimenez SA (2015) Role of cellular
senescence and NOX4-mediated oxidative stress in
systemic sclerosis pathogenesis. Curr Rheumatol Rep 17
(1), 473.

Bruckdorfer KR, Hillary JB, Bunce T, Vancheeswaran R,
Black CM (1995) Increased susceptibility to oxidation of
low-density lipoproteins isolated from patients with sys-
temic sclerosis. Arthritis Rheum 38 (8), 1060-7.

Corallo C, Franci B, Lucani B etal. (2015) From
microvasculature to fibroblasts: contribution of anti-
endothelial cell antibodies in systemic sclerosis. Int |
Immunopathol Pharmacol 28 (1), 93-103.

Marasini B, Casari S, Bestetti A et al. (2000) Homocys-
teine concentration in primary and systemic sclerosis
associated Raynaud’s phenomenon. J Rheumatol 27 (11),
2621-3.

Andersen GN, Caidahl K, Kazzam E et al. (2000) Correla-
tion between increased nitric oxide production and mark-
ers of endothelial activation in systemic sclerosis:
findings with the soluble adhesion molecules E-selectin,
intercellular adhesion molecule 1, and vascular cell adhe-
sion molecule 1. Arthritis Rheum 43 (5), 1085-93.
Simonini G, Pignone A, Generini S, Falcini F, Cerinic
MM (2000) Emerging potentials for an antioxidant ther-
apy as a new approach to the treatment of systemic scle-
rosis. Toxicology 155 (1-3), 1-15.

Arnaud C, Braunersreuther V, Mach F (2005) Toward
immunomodulatory and anti-inflammatory properties of
statins. Trends Cardiovasc Med 15 (6), 202—6.
Manoussakis MN, Georgopoulou C, Zintzaras E et al.
(2004) Sjogren’s syndrome associated with systemic
lupus erythematosus: clinical and laboratory profiles and
comparison with primary Sjogren’s syndrome. Arthritis
Rheum 50 (3), 882-91.

919



M. Sanjadi et al.

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

920

Cavagna L, Boffini N, Cagnotto G, Inverardi F, Grosso V,
Caporali R (2012) Atherosclerosis and rheumatoid arthri-
tis: more than a simple association. Mediators Inflamm
2012, 147354.

Bragoni M, Di Piero V, Priori R, Valesini G, Lenzi GL
(1994) Sjogren’s syndrome presenting as ischemic stroke.
Stroke 25 (11), 2276-9.

Yang D, Qiao L, Zhao LD (2016) Cerebral infarction in a
patient with primary Sjogren’s syndrome: a case report
and literature review. Beijing Da Xue Xue Bao Yi Xue Ban
48 (6), 1077-80.

Szabo MZ, Szodoray P, Kiss E (2017) Dyslipidemia in
systemic lupus erythematosus. Immunol Res 65 (2),
543-50.

Abraham MK, Peter K, Michel T, Wendel HP, Krajewski S,
Wang X (2017) Nanoliposomes for safe and efficient
therapeutic mRNA delivery: a step toward nanotheranos-
tics in inflammatory and cardiovascular diseases as well
as cancer. Nanotheranostics 1 (2), 154-65.

Arnaud L, Mathian A, Ruffatti A et al. (2014) Efficacy of
aspirin for the primary prevention of thrombosis in
patients with antiphospholipid antibodies: an interna-
tional and collaborative meta-analysis. Autoimmun Rev 13
(3), 281-91.

Garcia-Gonzalez V, Delgado-Coello B, Perez-Torres A,
Mas-Oliva ] (2015) Reality of a vaccine in the prevention
and treatment of atherosclerosis. Arch Med Res 46 (5),
427-37.

Ketelhuth DF, Hansson GK (2015) Modulation of
autoimmunity and atherosclerosis — common targets and
promising translational approaches against disease. Circ J
79 (5), 924-33.

Borba EF, Bonfa E (1997) Dyslipoproteinemias in sys-
temic lupus erythematosus: influence of disease, activity,
and anticardiolipin antibodies. Lupus 6 (6), 533-9.

Gaal K, Tarr T, Lorincz H et al. (2016) High-density
lipopoprotein antioxidant capacity, subpopulation distri-
bution and paraoxonase-1 activity in patients with sys-
temic lupus erythematosus. Lipids Health Dis 15, 60.
Otani H (2013) Site-specific antioxidative therapy for
prevention of atherosclerosis and cardiovascular disease.
Oxid Med Cell Longev 2013, 796891.

Back M, Hansson GK (2015) Anti-inflammatory therapies
for atherosclerosis. Nat Rev Cardiol 12 (4), 199-211.
Nilsson J, Lichtman A, Tedgui A (2015) Atheroprotective
immunity and cardiovascular disease: therapeutic oppor-
tunities and challenges. J Intern Med 278 (5), 507-19.
Gonen A, Hansen LF, Turner WW etal. (2014)
Atheroprotective immunization with malondialdehyde-
modified LDL is hapten specific and dependent on
advanced MDA adducts: implications for development
of an atheroprotective vaccine. J Lipid Res 55 (10),
2137-55.

Kimura T, Tse K, Sette A, Ley K (2015) Vaccination to
modulate atherosclerosis. Autoimmunity 48 (3), 152—-60.

72

73

74

75

76

77

78

79

80

81

82

83

84

85

George ], Afek A, Gilburd B et al. (1998) Hyperimmu-
nization of apo-E-deficient mice with homologous
malondialdehyde low-density lipoprotein suppresses
early atherogenesis. Atherosclerosis 138 (1), 147-52.
Nilsson ], Calara F, Regnstrom ] et al. (1997) Immuniza-
tion with homologous oxidized low density lipoprotein
reduces neointimal formation after balloon injury in hyper-
cholesterolemic rabbits. ] Am Coll Cardiol 30 (7), 1886-91.
Masztalewicz M, Nowacki P, Kotlega D, Bajer-Czajkowska
A, Drechsler H (2014) Anti-oxLDL antibodies are clini-
cally insignificant for stroke patients. Neurol Res 36 (1),
86-91.

Faviou E, Vourli G, Nounopoulos C, Zachari A, Dionys-
siou-Asteriou A (2005) Circulating oxidized low density
lipoprotein, autoantibodies against them and homocys-
teine serum levels in diagnosis and estimation of severity
of coronary artery disease. Free Radic Res 39 (4), 419-29.
Lopes-Virella MF, Virella G (2013) Pathogenic role of
modified LDL antibodies and immune complexes in
atherosclerosis. J Atheroscler Thromb 20 (10), 743-54.
Rosenfeld SM, Perry HM, Gonen A et al. (2015) B-1b
cells secrete atheroprotective IgM and attenuate
atherosclerosis. Circ Res 117 (3), e28-39.

Shaw PX, Horkko S, Tsimikas S et al. (2001) Human-
derived anti-oxidized LDL autoantibody blocks uptake of
oxidized LDL by macrophages and localizes to atheroscle-
rotic lesions in vivo. Arterioscler Thromb Vasc Biol 21 (8),
1333-9.

Palinski W, Miller E, Witztum JL. (1995) Immunization
of low density lipoprotein (LDL) receptor-deficient rab-
bits with homologous malondialdehyde-modified LDL
reduces atherogenesis. Proceedings of the National Academy
of Sciences 92 (3), 821-5.

Zhou X, Caligiuri G, Hamsten A, Lefvert AK, Hansson GK
(2001) LDL immunization induces T-cell-dependent
antibody formation and protection against atherosclero-
sis. Arterioscler Thromb Vasc Biol 21 (1), 108-14.
Fredrikson GN, Soderberg I, Lindholm M et al. (2003)
Inhibition of atherosclerosis in apoE-null mice by immu-
nization with apoB-100 peptide sequences. Arterioscler
Thromb Vasc Biol 23 (5), 879-84.

Emeson EE, Shen ML (1993) Accelerated atherosclerosis
in hyperlipidemic C57BL/6 mice treated with cyclosporin
A. Am ] Pathol 142 (6), 1906-15.

Emeson EE, Shen ML, Bell CG, Qureshi A (1996) Inhibi-
tion of atherosclerosis in CD4 T-cell-ablated and nude
(nu/nu) C57BL/6 hyperlipidemic mice. Am ] Pathol 149
(2), 675-85.

Zhou X, Robertson AK, Hjerpe C, Hansson GK (20006)
Adoptive transfer of CD4" T cells reactive to modified
low-density lipoprotein aggravates atherosclerosis. Arte-
rioscler Thromb Vasc Biol 26 (4), 864-70.

Mach F, Schonbeck U, Sukhova GK, Atkinson E, Libby P
(1998) Reduction of atherosclerosis in mice by inhibition
of CD40 signalling. Nature 394 (6689), 200-3.

International Journal of Rheumatic Diseases 2018; 21: 908-921



86

87

88

89

90

91

92

93

94

95

96

97

98

Li H, Ding Y, Yi G, Zeng Q, Yang W (2012) Establish-
ment of nasal tolerance to heat shock protein-60 allevi-
ates atherosclerosis by inducing TGF-beta-dependent
regulatory T cells. ] Huazhong Univ Sci Technol Med Sci 32
(1), 24-30.

Nicoletti A, Paulsson G, Caligiuri G, Zhou X, Hansson
GK (2000) Induction of neonatal tolerance to oxidized
lipoprotein reduces atherosclerosis in ApoE knockout
mice. Mol Med 6 (4), 283-90.

Ramos-Medina R, Corbi AL, Sanchez-Ramon §
(2012) Intravenous immunoglobulin: immunomodu-
latory key of the immune system. Med Clin (Barc)
139 (3), 112-7.

Nussinovitch U, Shoenfeld Y (2008) Intravenous
immunoglobulin — indications and mechanisms in car-
diovascular diseases. Autoimmun Rev 7 (6), 445-52.
Nicoletti A, Kaveri S, Caligiuri G, Bariety J, Hansson GK
(1998) Immunoglobulin treatment reduces atherosclero-
sis in apo E knockout mice. ] Clin Invest 102 (5), 910-8.
Matsuura E, Kobayashi K, Inoue K, Shoenfeld Y (2005)
Intravenous immunoglobulin and atherosclerosis. Clin
Rev Allergy Immunol 29 (3), 311-9.

Chaykovska L, Zientara A, Reser D, Weise A, Reichert W,
Hocher B (2014) Development and validation of a
macroarray system — MutaCHIP ARTERO - for the detec-
tion of genetic variants involved in the pathogenesis of
atherosclerosis. Clin Lab 60 (5), 873-8.

Grossman M, Rader DJ, Muller DW et al. (1995) A pilot
study of ex vivo gene therapy for homozygous familial
hypercholesterolaemia. Nat Med 1 (11), 1148-54.
Arveschoug A, Christensen KS (1997) Constitutive
expression of phVEGF165 after intramuscular gene
transfer promotes collateral vessel development in
patients with critical limb ischemia. Circulation 99
(22), 2967-8.

Baumgartner I, Pieczek A, Manor O et al. (1998) Consti-
tutive expression of phVEGF165 after intramuscular gene
transfer promotes collateral vessel development in
patients with critical limb ischemia. Circulation 97 (12),
1114-23.

Rosengart TK, Lee LY, Patel SR et al. (1999) Angiogenesis
gene therapy: phase I assessment of direct intramyocar-
dial administration of an adenovirus vector expressing
VEGF121 ¢DNA to individuals with clinically significant
severe coronary artery disease. Circulation 100 (5), 468—
74.

Ramji DP, Davies TS (2015) Cytokines in atherosclerosis:
key players in all stages of disease and promising thera-
peutic targets. Cytokine Growth Factor Rev 26 (6), 673-85.
Ulleryd MA, Bernberg E, Yang LJ, Bergstrom GM, Johans-
son ME (2014) Metoprolol reduces proinflammatory
cytokines and atherosclerosis in ApoE ™/~ mice. Biomed
Res Int 2014, 548783.

International Journal of Rheumatic Diseases 2018; 21: 908-921

99

100

101

102

103

104

105

106

107

108

109

110

111

112

Atherosclerosis and autoimmunity

Bruunsgaard H, Skinhoj P, Pedersen AN, Schroll M, Ped-
ersen BK (2000) Ageing, tumour necrosis factor-alpha
(TNF-alpha) and atherosclerosis. Clin Exp Immunol 121
(2), 255-60.

Bessueille L, Magne D (2015) Inflammation: a culprit for
vascular calcification in atherosclerosis and diabetes. Cell
Mol Life Sci 72 (13), 2475-89.

Tintut Y, Patel J, Parhami F, Demer LL (2000) Tumor
necrosis factor-alpha promotes in vitro calcification of
vascular cells via the cAMP pathway. Circulation 102
(21), 2636-42.

Yamamoto K, Morishita R, Tomita N et al. (2000) Ribo-
zyme oligonucleotides against transforming growth fac-
tor-beta inhibited neointimal formation after vascular
injury in rat model: potential application of ribozyme
strategy to treat cardiovascular disease. Circulation 102
(11), 1308-14.

Gupta S, Pablo AM, Jiang X, Wang N, Tall AR, Schindler
C (1997) IFN-gamma potentiates atherosclerosis in ApoE
knock-out mice. J Clin Invest 99 (11), 2752-61.
Voloshyna I, Littlefield MJ, Reiss AB (2014) Atherosclero-
sis and interferon-gamma: new insights and therapeutic
targets. Trends Cardiovasc Med 24 (1), 45-51.

Yu XH, Zhang ], Zheng XL, Yang YH, Tang CK (2015)
Interferon-gamma in foam cell formation and progres-
sion of atherosclerosis. Clin Chim Acta 441, 33—43.
Tellides G, Tereb DA, Kirkiles-Smith NC et al. (2000)
Interferon-gamma elicits arteriosclerosis in the absence
of leukocytes. Nature 403 (6766), 207-11.

Marino F, Tozzi M, Schembri L et al. (2015) Production
of IL-8, VEGF and elastase by circulating and intraplaque
neutrophils in patients with carotid atherosclerosis. PLoS
ONE 10 (4), €0124565.

Cavusoglu E, Marmur JD, Yanamadala S et al. (2015)
Elevated baseline plasma IL-8 levels are an independent
predictor of long-term all-cause mortality in patients
with acute coronary syndrome. Atherosclerosis 242 (2),
589-94.

Herlea-Pana O, Yao L, Heuser-Baker J et al. (2015) Che-
mokine receptors CXCR2 and CX3CR1 differentially reg-
ulate functional responses of bone-marrow endothelial
progenitors during atherosclerotic plaque regression.
Cardiovasc Res 106 (2), 324-37.

Boisvert WA, Curtiss LK, Terkeltaub RA (2000) Inter-
leukin-8 and its receptor CXCR2 in atherosclerosis.
Immunol Res 21 (2-3), 129-37.

Roy K, Ghosh M, Pal TK, Chakrabarti S, Roy S (2013)
Cholesterol lowering drug may influence cellular
immune response by altering MHC II function. J Lipid
Res 54 (11), 3106-15.

Lee §J, Qin H, Benveniste EN (2008) The IFN-gamma-
induced transcriptional program of the CIITA gene is
inhibited by statins. Eur ] Immunol 38 (8), 2325-36.

921



