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Abstract

In last the decades, consisting evidence supported a strong relationship between accelerated
cardiovascular (CV) disease and activation of both innate and adaptive immune systems in
some autoimmune diseases, such as systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA). Indeed, several cell lines involved in the pathogenesis of these autoimmune
diseases, such as macrophages and dendritic cells, as well as different T and B lymphocyte
subsets, and inflammatory cytokines, have been demonstrated to be directly involved in the
mechanisms underlying precocious atherosclerotic arterial wall damage. Traditional CV risk
factors play a concomitant role but do not sufficiently account for the increased prevalence of
CV disease in these patients. Indeed, the pathophysiological link between RA and SLE and
atherosclerosis is based on complex inflammatory pathways that interconnect these conditions
and may explain the significant morbidity and mortality rates demonstrated in these patients,
with consequent significant negative effects on quality of life and long-term survival.
Consequently, it is intriguing to hypothesize that immunosuppressive drugs commonly used in
the treatment of these pathologies may also exert an immunomodulatory and anti-inflammatory
effect in mitigating the atherosclerotic damage that has been demonstrated to occur early in
the initial stages of the disease. Recognizing risk factors, predicting occurrences and early
intervention to prevent CV disease development have emerged as critical objectives in RA and
SLE treatment. In this review, we aimed to provide an updated overview of the atherogenic
effects exerted by the immune and inflammatory pathways involved in the pathogenesis of RA
and SLE. Moreover, we examined the available evidence which may support the potential
effects of immunosuppressive therapies in reducing CV damage and, consequently, CV disease

risk in these patients.



1. Introduction

In recent decades, cardiovascular (CV) diseases emerged as the leading cause of mortality in
patients with systemic autoimmune diseases [1]. Among the wide spectrum of systemic
autoimmune disease, rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE)
represent two intriguing models to elucidate the effects of chronic inflammation and systemic
autoimmunity on the heightened CV risk and shorter life expectancy observed in these patients
[2-5]. Premature acceleration of atherosclerotic damage and increased prevalence of
endothelial dysfunction, leading to accelerated atherosclerosis, have been widely demonstrated
in RA and SLE patients in comparison to the general population and non-RA subject [6,7].
Although more prevalent in these patients compared to controls, traditional CV risk factors
alone are insufficient to fully explain the overall CV risk observed in RA and SLE patients
[2,4]. This suggests that the impact of traditional CV risk factors may be questioned, as a
'‘competing effect' of inflammation may be present. Moreover, several studies have described
an association between accumulated organ damage, which reflects the severity of autoimmune
disease due to persistence and recurrent relapse, and frequency and implications for the CV

system, as observed in SLE patients with kidney involvement [8].

In recent decades, a key question has been the source of this heightened risk. Although initially
perceived as a long-term outcome of the disease, a compelling body of evidence suggests that
the excess risk of CV disease emerges very early in RA and SLE, potentially during the pre-
clinical stage [9,10]. Atherosclerotic plaques and endothelial dysfunction have been observed
in RA and SLE patients recruited at disease onset, even in young patients without traditional
CV risk factors [11-13]. Additionally, alterations in certain risk factors have been identified in
patients who subsequently develop RA and SLE, highlighting a predisposition to CV disease.

Like RA and SLE, atherosclerosis is a chronic, inflammatory disease, sharing notable



similarities in their pathogenic and genetic determinants. Indeed, it is now widely recognized
that inflammation, encompassing both innate and adaptive responses, plays a pivotal role in
the initiation, progression, and destabilization of atherosclerotic lesions, thus leading to an
increased prevalence of CV events. Moreover, a central outcome of activation of these
inflammatory pathways is the oxidative modification of lipoproteins, which in turn triggers
lipid accumulation within atherosclerotic lesions and activation of inflammasomes [12].
Consequently, pro-inflammatory cytokines originating from the synovium can directly
contribute to plaque development and, once these mediators are released into the systemic
circulation, they can reach peripheral tissues leading to insulin resistance, altered lipid profile
and impaired blood pressure. In this setting, shared pro-inflammatory mechanisms may
contribute to the development of atherosclerotic plaque as well as to synovitis in RA patients.
Specifically, activation of interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF) pathways,
as well as the Janus kinase (JAK)-signal transducer and activator of transcription (STAT)
signalling pathway, have been demonstrated to exert a pivotal role both in the pathogenesis of
synovial hyperplasia in RA and, mainly, in the development of atherosclerotic CV damage
[14]. Thus, considering the pivotal contribution of inflammasome in the induction and
progression of atherosclerosis, it is tempting to postulate that targeting the Nod-like receptor
protein 3 (NLRP3) inflammasome-IL-1/IL-6 pathway may exert a positive effect on different
CV surrogate outcomes or major CV events [15]. However, except for the Canakinumab Anti-
inflammatory Thrombosis Outcomes Study (CANTOS) trial [16], the real effect of other IL-
1/IL-6 inhibitors, as anakinra and tocilizumab, are highly conflicting and evidence is limited
due to study small sample size, differences in CV outcomes and to absence of meaningful

clinical benefits on major CV events.

In this setting, understanding the intricate balance between these—ecomplex—mechanisms—of

endothelial damage and vascular repair, is crucial for comprehending the progression of



endothelial injury and, of consequence, atherosclerosis and manifested CV disease. Surely, a
deeper knowledge of these complex mechanisms may improve the therapeutical approach to
these patients and, hopefully, the risk of CV diseases. At the moment, evidence related to a
potential beneficial effect of immunomodulatory drugs on CV outcome in these patients is
uncertain due to high variability of available studies and to extreme differences in the surrogate
CV outcomes explored. Surely, adequate lifestyle interventions may improve CV health in
these patients. Indeed, engaging in regular aerobic exercise and structured physical activity can
significantly improve blood pression, glycemic and lipid profile as well as disease activity, thus
reducing the risk of CV disease [17]. Moreover, exercising not only improves muscle strength
but also decreases fat mass, a well ascertained factor contributing to major CV disease [17].
Similarly, in SLE patients, aerobic activity combined to exercise training have been
demonstrated to reduce the estimated 10-year CV risk, to improve muscle strength and function
as well as insuline sensitivity and arterial pressure [18]. In patients with CV disease, a
moderate-intensity continuous training has traditionally been considered the most beneficial
exercise. In recent years, high-intensity interval training (HIIT), characterized by brief,
intermittent bursts of high intensity exercise interspersed with periods of rest or low-intensity
exercise, gained considerable interest due to a broad-spectrum beneficial effects, including
cardiorespiratory fitness (VO2peak), endothelial function, blood pressure and myocardial
function [19]. Interestingly, ten weeks of HIIT improved aerobic capacity (VOzpeak), disease
activity, systemic inflammation and immune cell functions, including neutrophil chemotaxis,
bacterial phagocytosis and ROS production, as well as monocyte bacterial phagocytic capacity,
in a small cohort of RA patients [20]. Thus, a multidisciplinary approach to CV management,
including prescription of regular physical activity and promotion of a proper dietary regimen
with adequate weight control, is strongly recommended in these patients along with

pharmacological disease management.



However, despite the growing knowledge of mechanisms involved both in disease
pathogenesis and in CV damage, the contribution of each single pathway in the pathogenesis
underlying atherosclerosis progression has been poorly analyzed. In recent years, the potential
CV positive effects of drugs targeting inflammatory pathways, as IL-1 inhibitors, have been
demonstrated in the general population [16]. On the other hand, despite similar pathways are
implicated in atherosclerotic damage in patients with inflammatory and autoimmune disease,
the potential positive CV effects of immunomodulatory therapies in these patients have been
poorly explored, often with conflicting results. Thus, in this review, we aimed to provide an
updated overview of the atherogenic effects exerted by the immune and inflammatory
pathways involved in the pathogenesis of RA and SLE. Moreover, we examined the available
evidence which may support the potential effects of immunosuppressive therapies in reducing

CV damage and, consequently, CV disease risk in these patients.

2. Innate immunity

The innate immune system may exert a complex role in atherogenesis in RA and SLE. Among
cellular types involved in innate immunity, macrophages are one of the most abundant innate
immune cell populations in RA synovium where produce RA-specific pro-inflammatory
cytokines and promote local tissue inflammation [21]. Originally believed to possess only two
opposite phenotype (M1 proinflammatory and M2 anti-inflammatory), synovial macrophages

are now recognized to own a remarkable phenotypic plasticity [22].

The amount of cholesterol accumulation in arterial monocyte-derived macrophages — the
cholesterol loading capacity - is a critical early event for foam cell formation and
atherosclerosis progression in RA. Arterial macrophages exposed to plasma from RA patients
display derangement of cellular mechanisms of cholesterol influx and efflux with resulting

macrophages lipid overload and increased foam cells formation. Accordingly, cholesterol



efflux capacity in RA patients has proven to be reduced, to lower with increasing disease
activity and to improve with effective disease control and statin use [23-25]. It has also been
shown that RA vascular macrophages, similar to macrophages from patients with coronary
artery disease, undergo an epigenetic (inactivation of glycogen synthase kinase 3f) and
metabolic reprogramming, characterized by a hyper-inflammatory state and production of the
tissue-destructive enzyme cathepsin K, potentially favouring atherosclerosis, plaque evolution
and coronary syndrome [26]. Methotrexate (MTX) (via adenosine A2A receptor activation),
adalimumab and infliximab may increase cholesterol efflux capacity of macrophages halting
foam cell formation and plaque formation [27-29]. Pinolenic acid, an omega-6-polyunsaturated
fatty acid, has been shown to reduce monocyte migration and oxidized LDL (oxLDL) uptake
by arterial macrophages [30]. In an animal model of arthritis, administration of Resolvin-4
promotes cholesterol efflux in lipid laden macrophages potentially limiting plaque formation
and atherosclerosis progression [31]. Neutrophils, through extrusion of neutrophil extracellular
traps (NET), have been implicated in vascular inflammation and atherosclerosis in mice and
humans [32]. It has been proven that increased NET production by neutrophils in RA patients
is linked to vessel wall inflammation and was inhibited by treatment with interleukin (IL)-6
inhibitors and tumor necrosis factor (TNF)a inhibitors [33, 34]. NLRP3 inflammasome has
reported to be involved in the development and progression of atherosclerotic lesions in mouse
models via production of IL-1 and promotion of foam cell formation [35-37]. Of note, genetic
variants of NLRP3 inflammasome have been linked to risk of stroke in patients with RA [38],
supporting evidence for the efficacy of inflammasome inhibition in reducing the risk of

cardiovascular events in general population.

Interestingly, although SLE is classically viewed as a systemic autoimmune disorder with
significant dysregulation in adaptive immunity, the innate immune system is increasingly

recognized as responsible for the accelerated atherosclerosis process and excess in CV events



also in SLE patients. A meta-analysis of 25 case-control studies showed that SLE patients
without previous CV event have endothelial dysfunction (ED) evaluated by brachial artery
flow-mediated dilation [39]. Moreover, an imbalance between circulating apoptotic endothelial
cells (ECs), related to vascular damage, endothelial progenitor cells (EPCs), and circulating
myelomonocytic angiogenic cells (CACs), expression of vascular repair mechanisms, has been
reported in SLE patients as correlated with ED [40]. The redox environment influences both
ED and the initiation of the atherosclerotic process, and a positive correlation between SLE
disease activity and oxidative stress has been reported [41-43]. Type-I interferon (IFN-I),
especially IFN-a, a proinflammatory cytokine overexpressed in SLE, has been claimed to play
a pivotal role in initiating and amplifying SLE-related accelerated atherosclerosis. In-vitro
study demonstrated that IFN-a promotes an ED signature characterized by transcription
suppression and mRNA instability of eNOS and consequent impaired NO production,
complemented by overexpression of endothelial adhesion molecules [44]. Moreover, [FN-I
induces EPC and CAC apoptosis, causing EPC depletion and skewing myeloid cells toward
non-angiogenic phenotypes. At the same time, neutralizing IFN-I pathways led to normalizing
the EPC/CAC phenotype, further supporting that IFN-I signature is associated with ED in
patients with SLE [45-47]. Toll-like receptor (TLR)7 and TLR9 binding of anti-dsDNA and
anti-ribonucleoproteins immunocomplexes, typical of SLE, promotes dendritic cells (DCs)
activation and production of IFN-I, which leads to self-perpetuating the inflammatory process
and plaque formation [48]. The inhibition of binding between intracellular TLR and
immunocomplexes partly explains the protective effect of hydroxychloroquine against
accelerated atherosclerosis [49]. Overexpression of IFN-I is also related to the defective
clearance of NETs, a critical pathophysiological element observed in SLE [50]. NETs also lead
to increased inflammasome activation, enhancing the production of IL1B and IL-18, resulting

in monocyte and macrophage activation and a positive NETosis loop [51]. Further mechanisms



potentially involved in the impairment of endothelial function in SLE include platelet
activation [47], abnormalities in lipid profile with increased oxLLDL and proinflammatory high-
density lipoproteins (HDL) [52], high prevalence of low-density granulocytes (LDG) with a
direct toxic effect on the endothelium [53], renal involvement and antiphospholipid antibodies

[54, 55].

Due to the overexpression of adhesion molecules (e.g., VCAM-1, ICAM-1) and the chemokine
(e.g., MCP-1) released by activated ECs, monocytes migrate into the intima and differentiate
into macrophages, initializing plaque formation. Macrophage activation correlates with SLE
disease activity [56]. In-vitro experiments showed that the binding of TLR4 and CD14 to
oxLDL on macrophages inhibits clearing apoptotic cells, upregulates the expression of the
scavenger receptors, and increases the uptake of oxLDL [57], which in SLE is enhanced in the
presence of antibodies against oxLDL, B2GPI-oxLDL complexes and antibodies against these
complexes [58]. The uptake of oxLDL and oxLDL complexes by scavenger receptors leads to
transformation into foam cells that secrete proinflammatory cytokines under TLR stimulation
[59]. IFN-gamma, TNF-a, I[L-17, and IL-6, which are overexpressed in SLE, participate in the
initiation and perpetuation of the atherosclerotic plaque formation by stimulating the activation
of macrophages, inducing the secretion of matrix metalloproteinases, upregulating the
expression of adhesion molecules on the ECs, increasing the concentration of chemotactic
messengers, and affecting the proliferation of smooth muscle cells [60-62]. Such a cascade of
events, especially IFN overexpression and activation of a distinct subset of lupus

proinflammatory neutrophils (i.e., LDGs), may eventually lead to plaque vulnerability [63, 64].

Natural killer (NK) cells are other cells of the innate immune system. Their primary role is to
eliminate virus-infected and tumor cells but also modulate adaptative immune response. Even

if the role of NK in RA pathogenesis is not fully elucidated, it has been hypothesized a possible



interaction between NK cells with other immune cells and specific cells of synovial tissue, but
also an immune regulation through cytokine effect on other immune cells [65, 66]. The role of
NK cells in promoting atherosclerosis has also been investigated in mouse models with
contrasting results. Within the atherosclerotic lesion, they activate immune cells by secreted
cytokines and induce apoptosis through cytotoxic proteins [67]. Interestingly, in SLE, an
impaired function of a subset of NK cells called invariant (iNKT) has been postulated with
potential involvement in autoimmunity and atherosclerosis [68]. However, while in animal
models iNKTcells seem to exert a proatherogenic effect [69], in human may have a protective
role in the early stages of atherosclerosis by promoting IL-10 production [70]. Further studies
are mandatory to better define the possible role of NK cells in atherosclerosis in RA and SLE

and opening new possible therapeutic opportunities.

Non-cytotoxic innate lymphoid cells (ILCs) are a subset of leukocytes with a substantial role
in the cross-talk between the innate and adaptive immune responses [71]. Different subsets
have been described according to predominant functions (ILC1, ILC2, ILC3) and all these
subsets have been investigated about their possible role in atherosclerosis with inconclusive
results, both in general population and in patients with rheumatic diseases [72]. Indeed, while
the ILC1 subset seems to induce cytokines potentially associated to atherosclerosis
progression, the ILC2 subset promotes a type 2 immune response associated to reduced
atherosclerosis. ILC3-related cytokines could be of particular interest for atherosclerosis in
rheumatic field since they produce many cytokines shared with Th17 cells, as IL-17, IL-22 and
GM-CSF. Indeed, the pro-inflammatory role of Th17 cells in immune diseases such as psoriasis
[73] and RA [74] induced to investigate also their role in atherosclerosis progression but with
conflicting results. In particular, reduced or increased IL-17 concentrations has been detected
in atherosclerosis lesions [75]. In one study, decreased atherosclerosis after IL-17 treatment

and increased atherosclerosis after blocking anti-IL-17 antibody injections have been



demonstrated [76]. Further studies are mandatory to better investigate the presence of these
cells in atherosclerotic plaque and, in general, their potential role in atherosclerosis in

rheumatic diseases.

Clonal hematopoiesis (CH) is a premalignant hematologic disorder characterized by the
acquisition and propagation of somatic mutations in hematopoietic stem cells. CH of
indeterminate potential (CHIP) is a specific condition typically found in elderly patients [77].
Along the last years, an association between CHIP and CV disease, regardless the presence of
traditional risk factors, has been suggested [78]. Several experimental studies on CH models
based on the TET2- and Jak2-mutant mouse lines showed effect on inflammasome activation
and chronic inflammatory state responsible for accelerated atherosclerotic plaque size [79].
Among different possible mechanism identified, the JAK2V617F gain-of-function mutation is
a crucial driver of CH. Differently from somatic variants in TET2 and most other known CH
driver genes, the JAK2V617F mutation is strongly associated with substantial hematological
abnormalities in both mice and humans. In mice, this mutation is associated with complex
phenotype, with accelerated atherosclerosis development, as well as leukocytosis,
erythrocytosis, thrombocytosis, neutrophilia, increased vascular inflammation and
erythrophagocytosis. Interestingly, acceleration of atherogenesis occurs despite lower blood
cholesterol levels in mice and humans carrying this mutation also exhibit lower cholesterol
levels [80]. Increased CH prevalence was also found in RA patients. In a cohort of 59 RA
patients, Savola et al. found a 17% prevalence of CHIP, increasing to up to 25% among 70—
79-year-old patients. DNMT3A and TET2 mutations were most common [81]. A recent French
study (HEMATOPLUS) aimed to determine whether CHIP was associated with CV events in
SLE patients found no association between CHIP and incident CV events, although very low

risk for CV events according to traditional cardiovascular risk factors and normal kidney



function characterized SLE population [82]. In this background, the link between CHIP and

atherosclerosis in RA and SLE seems a captivating field worthy of further interest.

Considering all these complex mechanisms underlying involvement of innate immunity in
atherosclerosis, experimental research focused on the investigation of the effects of
immunosuppressive drugs in modulating innate immunity in these patients. Among currently
employed drugs, methotrexate (MTX) represents the initial therapeutic approach in RA and it
has demonstrated to decrease overall and CV mortality in RA [83, 84]. Its beneficial CV effect
is exerted through A2A adenosine receptors, promoting reverse cholesterol transport and
reducing transformation of macrophages into foam cells [27]. Moreover, MTX, by A2A
receptors, might interfere in macrophage and neutrophil recruitment, through the modulation
of adhesion molecules [85]. Such effect was also suggested by an in-vivo study on
hypercholesterolemic rabbits, in which MTX induced reduction of atherosclerotic lesion size
and of macrophage migration into the intima [86]. Based on these findings, it seems reasonable
to consider A2A receptor as a relevant pathway to be explored. Moreover, low-dose MTX may
exert a dual cardioprotective role. On one side, this drug inhibits several immune pathways
involved in signaling via the Janus kinase-signal transducer and activator of transcription
(STAT) pathway, thus exerting a broadly anti-inflammatory effect [87]. On the other side,
although with limited data, recent small sized studies demonstrated a significant increase in
HDL cholesterol levels in patients responding to MTX therapy, mainly due to increase in the
HDL-2 cholesterol fraction [88]. Interestingly, the positive effect of MTX on lipid profile is
also remarkable as improvement in the HDL function by a significant increase in PON1 activity

and HDL-apoA1 levels and decrease in HDL inflammatory properties [89].

Conversely, evidence on the protective effects of other conventional synthetic (cs)DMARDs

is less established. Although sulfasalazine has been shown to reduce the risk of myocardial



infarction in RA patients [90], there is no solid evidence on the potential mechanisms. One
possible pathway might be atherosclerosis modulation by the inhibition of NF-«xf, leading to
the downregulation of IL-12, which promotes the proliferation of NK and T cells, and the
production of IFN-y [91]. Hydroxychloroquine has a demonstrated favorable impact on lipid
profile [92], although an in-vitro study of its effects on the expression of cholesterol efflux
genes failed to show a relevant effect [93]. Evidence of leflunomide and glucocorticoid effects

on innate immunity is very limited [94].

Among biologic (b)DMARDs, prescription of TNFa inhibitors has been associated with a
reduction of CV events and mortality in RA patients, both due to the reduction of inflammatory
burden and to direct effects in reversing the reduction of cholesterol efflux and reducing foam
cells in in-vitro studies [28, 29]. A further mechanism promoted by TNFa inhibitors may be
the reduced expression of adhesion molecules with consequent impairment of leukocyte
recruitment within atherosclerotic plaques and, similar to biologic drugs with different
mechanism of action, stabilization of vulnerable plaque by inhibition of the systemic
inflammatory burden [95, 96]. Finally, experimental models demonstrated that TNFa may also
induce endothelial cell apoptosis with consequent lipid accumulation and plaque formation, a
phenomenon reversed by the addition of etanercept, thus further suggesting a possible

protective mechanism of TNFa inhibitors [97].

While the evidence supporting a reduction of CV risk with non-TNFa inhibitors, including
anakinra, abatacept and IL-6 inhibitors, is increasing, studies on the possible impact of these
drugs on innate immunity are currently lacking. On the other hand, although Janus Kinase
(JAK) inhibitors are under the spotlight for their possible detrimental CV effect, there is
preliminary evidence supporting a possible positive effect in innate immunity cells related to

atherosclerosis. A study on THP-1 macrophages exposed to tofacitinib, in fact, has shown a



favorable impact on cholesterol efflux through the increased expression of the ABCA1 gene.
Moreover, tofacitinib decreased cholesterol intake and intra-cellular synthesis [98]. In line with
this finding, an in vivo study on mice receiving tofacitinib showed a reduction on the number
of macrophages in the atherosclerotic plaques, with a reduction in foam cell formation and an
increase in the expression of ABCA1 [99]. Finally, while therapeutic agents addressing NALP3
and the IL-1B production pathway, such as colchicine or canakinumab, are rising increasing

interest in the field of CV risk modulation, to date there are no solid data on their impact in

RA.



3. Adaptive immunity

In recent years, increasing evidence has shown that adaptive immunity plays a shared pivotal
role in SLE and RA as well as atherosclerosis pathogenesis, contributing to disease initiation
and progression, thus becoming a potential target for effective therapies [100]. In particular, T
cells, both CD4" and CD8", and, specifically their different Th1, Th2, Th17 and regulatory T
cells (Treg) subtypes, play a central role in atherosclerosis. Indeed, Thl cells secrete pro-
inflammatory factors such as IFN-y and TNFa, which promote atherosclerosis inflammatory
responses and increase plaque instability by activating monocyte-macrophages and DCs and
affecting Treg stability. Concurrent Th2 cells, by IL-4 production, exert autocrine functions on
T cells activation and promote the expression of other factors, mainly GATA-3. However, the
function of Th2 associated cytokines, like IL-4, IL-5 and IL-13, as pathogenic or protective in
atherosclerosis pathway is uncertain. Th17 cells have also been found to be involved in
atherosclerosis formation, through secretion of pro-inflammatory cytokines and chemokines
with pro-atherogenic effects [101]. By contrast, IL-6 and TGF-£ induce a subtype of Th17 cells
able to induce IL-10, a cytokine with atheroprotective effects. Tregs are CD4+CD25+ T
lymphocytes with immunosuppressive functions, also able to inhibit the inflammatory response
within the plaque. Treg cells suppress the growth of pro-inflammatory effector T cells, thus
impairing extra-atheroma cholesterol metabolism, and secrete IL-10 and TGF-3, which exert

atheroprotective effects.

Of consequence, modulating T cell function may have potential therapeutic implications for
both SLE and RA patients and different studies are exploring the effect of immunotherapy on
atherosclerosis. While not specifically focused on SLE or RA, these approaches aim to
modulate immune responses and potentially impact atherosclerotic plaque development [102,

103]. Specifically, T cell-enhancing therapies directed to modulate Treg concentrations and to



act on immune checkpoint targets that may influence T cell activation may suppress
inflammation and re-establish immune balance [104]. Among drugs currently approved for RA
treatment, abatacept is a recombinant biologic acting by the inhibition of CD80/CD86
interaction with the co-stimulatory CD28 receptor. Preclinical studies suggest a pro-
atherogenic role of CD80/CD86, although CD80/CD86 may also be required for the efficient
induction of Tregs [105]. However, abatacept was shown to reduce atherosclerosis in different
murine models of atherosclerosis [106, 107], and some clinical trials suggest slightly reduced

CV disease risk in RA patients receiving abatacept compared to TNFa inhibitors [108-110].

Along with T lymphocytes, also B cells are another crucial piece in the mosaic of
atherosclerosis. Initially considered an underrepresented population in the atherosclerotic
plaque, B cells were firstly described in the plaque of two patients with RA [111]. The immune
cells infiltrating the atherosclerotic vessels have been characterized in mouse atherosclerotic
aortas by mass cytometry and single-cell RNA sequencing confirming that B cells are mainly
located in the adventitia, unlike monocytes, macrophages, and T cells that were predominantly
present in the plaques [112]. Interestingly, advanced lesions contain lymphoid infiltrates
occasionally displaying a germinal center-like organization containing B cells and plasma cells,
suggestive of a possible local immune response in human atherosclerotic plaque [113, 114].
Indeed, events associated to an antigen-driven clonal expansion of B cells have been detected
in human atherosclerotic plaque, including somatic hypermutation, affinity maturation, Ig class
switching and B cell receptor revision [115]. Comparing the gene expression features of
patients with coronary heart disease and matched controls from the Framingham Heart Study
using a network modelling, Huan et a/ found a role for B cell-centred immune function along
with enrichment in lipid transport genes in the pathogenesis of atherosclerotic CV disease
[116]. Several studies investigated the contribution of different B cell subsets in atherosclerotic

CV disease and, depending on the subset, both proatherogenic and antiatherogenic effect have



been suggested. Analyses of infiltrating B cells of human carotid plaques demonstrated
predominance of B2-like CD20+ activated plasmablasts [110]. Moreover, oxLDL are a main
target of the B cell response within the arterial wall, due to the immunogenic properties
conferred by LDL oxidation in the plaque [117]. Shaw et al. described IgM anti-oxLDL
binding oxidized phospholipids identical to natural antibodies produced by B-1 lymphocytes
providing protection against pneumococcal infection [118], suggesting that microbial antigens
may act as triggers atherosclerotic lesion development [119]. On the other hand, the detection
of autoantibodies contributing to the development of atherosclerosis suggested its autoimmune
nature [120]. A systematic literature review with metanalysis clarified the protective role for
IgM anti-oxLDL from severe coronary artery disease and possibly CV events; however, a
maladaptive (auto)immune response may account for immunoglobulin class switching toward
IgG, affinity maturation and a pathogenic T-cell response to oxLDL, thus accelerating
atherosclerosis [121, 122]. Anti-oxLDL antibodies have been detected both in mouse and
human atherosclerotic plaques and high IgG anti-oxLDL levels were found in patients with
atherosclerotic CV disease, in particular in clinically unstable patients, and correlated with
subsequent CV events [123, 124]. Not surprisingly, antibodies reacting with oxLDL
complexed with B2 glycoprotein I (B2GPI) were detected in SLE and RA patients, correlating
with CV risk factors, atherothrombosis and accelerated atherosclerosis [125-129]. In this
setting, antiphospholipid (aPL)-mediated vascular endothelial dysfunction has a major
adjunctive role in vessel atherosclerotic damage in SLE [130]. Indeed, these antibodies may
induce endothelial nitric oxide synthase (eNOS) inhibition with consequent impaired NO
release. Moreover, aPL may trigger endothelial cell activation and proliferation, induction
of endothelial microparticles and release of proinflammatory cytokines by binding to their
major target, the phospholipid-binding protein B2GPI. Interestingly, aPL may also exert an

adjunctive direct role in platelet activation and aggregation in these patients, with consequent
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increased thrombotic risk. Indeed, binding of aPL to domain I of B2GP1 receptors on platelets
induces platelet activation and aggregation as well as neutrophil extracellular trap production,
leading to amplification of inflammatory response which induces endothelial damage. Finally,
aPL can cause direct pro-inflammatory and prothrombotic effects on endothelial cells by
inhibiting annexin AS5. Recent evidence suggests that annexin A5 may exert anti-thrombotic
and anticoagulant properties improving endothelial function in mouse models of SLE and

inhibiting the pro-inflammatory effects of oxLDL [131].

Finally, anti-cyclic citrullinated peptide antibodies (ACPA) have been detected in
atherosclerotic plaques, being associated with subclinical atherosclerosis and risk of CV

disease even the preclinical stages of RA [132, 133].

Of consequence, B cells may be an effective therapeutic target in many autoimmune diseases,
particularly RA and SLE, by B cell-depletion, as exerted by rituximab, a humanized chimeric
anti-CD20 monoclonal antibody, or by modulation of B lymphocytes survival with belimumab,
a recombinant, fully human, monoclonal antibody directed against the B-cell activating factor
(known as BAFF or BLyS). Several studies have evaluated how B-depletion therapy has a
positive effect on the development of atherosclerosis. In particular, in mice models of
atherosclerosis, CD20 antibody-mediated B cell depletion reduces atherosclerosis, T cell
activation and inhibits T cell infiltration within atherosclerotic lesions [134]. Moreover, anti-
CD20 treatment preserves the production of anti-oxLDL IgM autoantibodies with potential
protective role, while significantly reducing IgG type anti-oxLDL antibodies, which favor
atherosclerotic damage. Treatment with rituximab in RA patients has been shown to improve
macrovascular and microvascular endothelial function, while simultaneously reducing

systemic inflammation [135].

Cytokines involved in survival and function of B-cells, like BAFF, have effects also on other

cell types relevant for atherosclerosis, like monocytes and macrophages [136]. In a mouse
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model, BAFF blockade aggravated experimental atherosclerosis despite efficient depletion of
mature B-2 cells and IgG reduction [137], thus suggesting an atheroprotective effect of BAFF
and further supporting the anti-atherogenic properties of B-cell depletion therapy, which leads
to increased levels of circulating BAFF [138]. In this setting, specific BAFF gene
polymorphisms may have a role in the pathogenesis of atherosclerosis, as recently investigated
in a study aimed to evaluate the rate of subclinical atherosclerosis in a cohort of RA patients
with specific BAFF gene polymorphisms analyzed by PCR based assays in peripheral blood

and serum patient samples [139].
4. Metabolic dysfunction and cardiovascular risk

In recent years, growing interest in dysfunctional changes of metabolic function in RA and
SLE pathogenesis led to the hypothesis that this complex process could also be implicated in
the pathogenesis of atherosclerosis in these diseases. In RA patients, synovial resident CD4+
T cells are characterized by defective mitochondrial DNA repair (hypometabolic T cells), thus
resulting in low ATP production, low generation of reactive oxygen species (ROS) and low
availability of tricarboxylic acid (TCA) cycle intermediates. These metabolic changes induce
a shift of resident T cells towards autoreactive cells, which display a disease-specific metabolic
signature characterized by hypermigratory and tissue-invasive phenotype. Moreover,
mitochondrial deficiency induces a slowdown in glycolysis and pyruvate processing with T
cell adaptation to starvation and consequent induction of inflammatory cell death [140]. In RA
synovia, metabolically deprived CD4 + T cells interact with resident macrophages which are
characterized by highly functional mitochondria and increased expression of the DNA binding
protein RFXS5. In these patients, RFXS5 provides bioenergetic resources for antigen presentation
and survival in the tissue, thus inducing a rewire of cellular metabolism to survive. Metabolic
adaptations promote immune-stimulation and tissue inflammation, triggering and sustaining

rheumatoid synovitis. This complex mechanism, along with telomere shortening, increased



cellular stress and epigenetic reprogramming, is strictly linked to the condition of immune-
senescence which characterize patients with autoimmune diseases as well as patients with
metabolic disorders, as diabetes mellitus, and CV diseases [141]. Recent evidence suggests a
direct link between T cell immune-senescence, which exhibit cytotoxic and inflammatory
effects, inflammation, autoimmune dysregulation and insulin resistance and, of consequence,
senescent T-cells are emerging as a noteworthy therapeutic target. Interestingly, RA patients
with persistent, immune-senescent CD4+CD28null cell expansion show preclinical
atherosclerotic changes, suggesting a contribution of this cell subset in atherosclerosis

development in these patients [142].

Similarly, in SLE, mitochondrial dysfunction emerged as a pivotal mechanism underlying
disease pathogenesis toward the concurrence of multiple factors, including genetic mutations
in mitochondrial DNA, excessive ROS production, impaired mitophagy and altered
mitochondrial metabolic pathways [143]. In these patients, altered innate and adaptive immune
system mechanisms are strictly linked to mitochondrial impaired function and contribute to
loss of mitochondrial integrity, exacerbation of oxidative stress and altered mitophagy, a
selective autophagic process which guarantees damaged mitochondrial removal [143].
Interestingly, this complex and still unexplored metabolic rewiring emerged as a central
mechanism in the induction of vascular atherosclerotic damage both in SLE and RA patients
[143, 144]. In particular, systemic inflammation, IFN type I secretion and altered adaptive
pathways contribute to mitochondrial dysregulation and rewiring at the immune-vascular
interface of atherosclerotic plaques in these patients [144]. Plaque resident T cells and
macrophages interact in a pro-inflammatory, glucose-rich and lactate-deficient
microenvironment leading to perpetuation of atherosclerosis, endothelial damage and CV
disease. Interestingly, monocyte-derived macrophages from patients with coronary artery

disease and with SLE and RA are characterized by a similar metabolic profile that is both



oxidative and glycolytic, contributing to a pro-inflammatory microenvironment and
endothelial damage [144]. In the next future, a deeper characterization of these complex
metabolic pathways may contribute to validate new potential biomarkers of disease activity
and better CV stratification. Moreover, therapeutical strategies targeting mitochondrial
dysfunction and the intricate network of oxidative stress and metabolic impairment have
recently shown potential promising results both in animal and clinical studies [143]. However,
despite preliminary interesting results, these interventional therapeutic strategies need to be
validated in rigorous clinical trials assessing their potential effect in reducing the incidence and

severity of CV damage in these diseases.

5. Therapeutic approaches

The inflammatory and immune-mediated component of atherosclerotic damage in patients with
chronic inflammatory disorders as well as with systemic autoimmune diseases accounts, at
least in part, for their residual CV risk. As widely illustrated, shared disease mechanisms in
atherosclerosis and rheumatic disorders, as RA and SLE, include immune dysregulation and
inflammatory pathways, which may be potential therapeutic targets. Recent data indicate that
suppression of inflammation may reduce the risk of CV disease morbidity and mortality in both
RA and SLE patients during disease flare, optimizing therapeutic strategies based on
inflammation control, as well as optimal management of lifestyle and related CV risk factors.
Interestingly, while traditional CV risk factors, as dyslipidemia and diabetes mellitus, are causal
in CV risk and atherosclerosis, the mechanisms by which impaired glucose metabolism,
smoking and cholesterol induce atherosclerotic pathway are partly mediated by inflammation
and immune system activation, as recently demonstrated in several experimental studies [145,

146].



Thus, it is intriguing to hypothesize that drugs targeting inflammatory molecules or the
inhibition and modulation of innate immunity may represent novel therapeutic approaches to
treat atherosclerosis, thus reducing the residual CV risk which accounts for the “hidden”
variable explaining the low performance of CV risk algorithms in these patients. This has been
recently demonstrated in randomized controlled trial (RCT)s which enrolled subjects with
previous coronary artery disease within the general population. Indeed, the CANTOS trial
highlighted the therapeutic potential of selective inhibition of IL-1p with canakinumab in the
reduction of recurrent CV events, independent of lipid levels, in patients with prior myocardial
infarction and elevated high-sensitivity C reactive protein (CRP) levels [16]. Interestingly, the
positive effect of canakinumab on CV outcome was higher in subjects who achieved a CRP
below 2 mg/L, further emphasizing the independent effect of inflammasome-related cytokines
in atherosclerosis and its complications [147]. Once daily assumption of colchicine, an
inhibitor of NLRP3/IL-1B pathway with a broad anti-inflammatory activity, provided a
significant reduction of about 30% of a composite CV endpoint both in subjects with recent
myocardial infarction in the Colchicine Cardiovascular Outcomes Trial (COLCOT) [148] and
with stable coronary artery disease (LoDoCo2) [149], irrespective of CRP concentration.
Pooled data from these large RCTs confirmed that, compared to placebo, colchicine was
associated with significant reduction of 32% in the incidence of the composite end-point of CV
mortality, myocardial infarction, ischemic stroke and urgent coronary revascularization [150],
leading in June 2023 to U.S. Food and Drug Administration drug approval at dose of 0.5 mg
once daily for the reduction of CV events in patients with established atherosclerotic CV
disease and high residual systemic inflammation. Conversely, another large randomized trial
demonstrated no reduction in major CV events with low-dose MTX in patients with previous
myocardial infarction and concomitant diabetes mellitus or metabolic syndrome [151]. In this

study, concentrations of IL-1f, IL-6 and CRP were not modified with treatment, suggesting



that anti-inflammatory agents that do not reduce inflammatory cytokines are less effective in
reducing CV disease risk. In this setting, prompt administration of tocilizumab, an IL-6
receptor inhibitor, during percutaneous coronary intervention in subjects with acute ST-
segment elevation myocardial infarction significantly improved myocardial salvage index, a
surrogate clinical endpoint, and reduced the extent of microvascular obstruction in comparison
to placebo [152]. Finally, the effect of TNFa inhibitors on the risk of clinical CV disease in the
general population has been poorly investigated despite experimental evidence of pro-
atherogenic cytokine effects. In patients with stable moderate-to-severe heart failure, different
doses of infliximab and etanercept had no significant effects on clinical status, hospitalization
for heart failure or death from any cause in comparison to placebo, despite suppression of
inflammatory markers [153, 154]. Moreover, infliximab was associated with adverse events at
highest doses. The lack of benefit of TNFa inhibitors may be related to the short duration of
treatment (14-24 weeks) but may also suggest that the different inflammatory cytokines exert

different effects in the pathogenesis of atherosclerotic and of non-ischemic CV disease [155].

In patients with rheumatic diseases, despite the extensive experimental research linking
inflammation and immune system dysregulation to residual CV risk and the potential beneficial
effect of immunomodulating drugs on atherosclerotic damage in in-vitro studies and mouse
models, evidence from RCTs with hard clinical CV outcomes remains an unmet need, as
illustrated in Table 1. Systematic review and meta-analysis of observational and cohort studies
and of RCTs confirmed the significant reduction of 20%-50% of major CV event risk in RA
patients treated with MTX and TNFa inhibitors, thus confirming that long term immune-
modulation and proper control of disease activity may be beneficial in reducing the risk of CV
events in these patients [156,157]. Moreover, in the meta-analysis by Singh ef al., tocilizumab
was superior to TNFa inhibitors in reducing the risk of CV events, despite the changes in lipid

profile induced by the drug [157]. In this setting, the results of ENTRACTE trial, a randomized,



controlled, open-label trial specifically designed to compare the risk of major CV events in
active, seropositive, RA patients receiving tocilizumab in comparison to etanercept over 5-year,
demonstrated the non-inferiority of IL-6 receptor inhibitor despite the increase of cholesterol
and LDL-cholesterol in tocilizumab-treated patients [158]. Surely, the characteristics of
patients included in this study (> 50 year-old, active, seropositive RA and with at least 1 CV
risk factor or previous CV event) may not reflect the average RA patients treated in clinical
practice, thus hampering data comparison. However, these data suggest that, despite the drug-
induced pro-atherogenic lipid profile, tocilizumab may have a general neutral effect on CV
disease in comparison to TNFa inhibitors due to its relevant anti-inflammatory effect. Among
IL-1 antagonists licensed for RA treatment, a single dose of anakinra 100 mg resulted in a
significant improvement in vascular function and resistance and in a positive effect on left
ventricular myocardial deformation in a double-blind, crossover, RCT recruiting 60 patients
with RA and pre-existing coronary artery disease (CAD), 20 patients with RA without baseline
CAD and 30 healthy controls [159]. Surely, the small sample size and the lack of studies with
clinical meaningful CV outcomes do not allow to support the CV effect of IL-1 inhibition in

RA patients, despite its robust anti-inflammatory effect [15].

Finally, the comparison between TNFa inhibitors and JAK inhibitors further support the
evidence that, irrespective of drug use, the reduction of inflammation and a proper control of
disease activity represent essential targets in the management of CV comorbidity in these
patients and highlight the importance to individualize anti-cytokine therapy according to the
specific patient CV phenotype. The most relevant evidence came from the randomized, open-
label, non-inferiority ORAL surveillance trial and post-hoc exploratory sub-analyses which
demonstrated a dose-dependent increased risk of venous thrombotic events in patients treated

with tofacitinib as compared to TNFa inhibitor [160-162]. Of note, the excess risk with

tofacitinib versus TNFa inhibitor was confined to patients aged more than 65 year-old and with



at least one CV risk factor, in particular smoking history [162]. In the ‘low-risk’ CV category,
that is patients younger than 65 and without smoking history but with prevalent other CV risk
factors per ORAL Surveillance inclusion criteria, there was no detectable risk increase versus

TNFa inhibitor up to 6 years of follow-up [162].

However, a treat-to-target strategy may also improve CV risk profile by reduction of the
systemic inflammatory burden independently to the treatment strategy adopted in these
patients. In this context, the recent TARGET trial demonstrated that, in a RA cohort of MTX
inadequate responders, addition of either a TNFa inhibitor or a triple therapy, resulted in a
significant reduction of both disease activity and in *F-fluorodeoxyglucose-positron emission
tomography/CT vascular arterial inflammation, a surrogate predictor of atherosclerotic events

[163]. Moreover, lipid profile improved irrespective of treatment [ 164].

Data on the effects of immunomodulatory therapies on clinically hard CV endpoints in SLE
patients are even more scarce, despite robust evidence supports the central contribution of
autoimmune and chronic inflammatory pathways, along with concomitant traditional CV risk
factors, in the pathogenesis of atherosclerosis and CV disease in these patients [165].
Interestingly, experimental and in-vivo studies demonstrated potential promising effects on
atherosclerosis in mouse models [166,167]. To date, hydroxychloroquine is the only
immunomodulatory drug with potential positive effects on clinical CV outcomes, although
further studies are surely needed to validate these preliminary results [168,169]. Given the
central role of IFN-1 in the induction of endothelial dysfunction and plaque formation, the
recent introduction of belimumab and anifrolumab, drugs specifically targeting the IFN-1
pathway, will provide novel immunomodulatory drugs with potential CV benefits in these

patients.



6. Conclusion and future directions

In conclusion, understanding the immune and inflammatory mechanisms which contribute to
the residual CV risk in patients with rheumatic diseases represent a real challenge to be faced
in the next future. Indeed, in the era of precision medicine, the availability of advanced
therapies specifically targeting the inflammatory cytokines or the immune-mediated pathways
contributing to atherosclerosis will allow to individualize therapeutic approach according to
patient CV risk profile [170]. In this setting, the identification of specific biomarkers of adverse
CV outcome in patients with chronic inflammatory disease represents an imperative endpoint
of incoming research studies. Surely, the CV effects of targeting these different cytokine
pathways might differ in patients with rheumatic diseases in comparison to the general
population and these preliminary results need to be validated in prospective studies and RCTs
with clinical hard CV endpoints and appropriate duration. Moreover, future research should be
addressed to the evaluation of the effects of different class of drugs in these patients. Indeed, a
lipid-lowering neutralizing monoclonal antibody-based therapy, as proprotein convertase
subtilisin/kexin type 9 (PCSKD9) inhibitors, may be considered as adjunctive therapy in specific
settings in order to achieve an adequate management of the residual CV risk according to the
CV risk profile in each patient. In consideration of its broad anti-inflammatory mechanisms,
low cost, reasonable safety and effectiveness in CV disease prevention in the general
population, colchicine may be an intriguing therapeutic option to explore as additional therapy
in the primary or secondary prevention of CV disease in SLE or RA patients with a defined CV
risk profile. Surely, as patients with rheumatic diseases or assuming immunosuppressive
therapies have been excluded from RCTs investigating the use of colchicine for CV secondary
prevention in subjects at high to very high CV risk, future adequate sized RCTs are needed to
investigate the efficacy and safety of colchicine for secondary CV prevention in these patients

[171].



Surely, several different topics of research should be addressed to improve the CV outcome in
these patients. Accurate definition of inflammatory status through reliable biomarkers may
improve the prescription of targeted and specific anti-inflammatory treatments, thereby
enhancing the field of precision medicine. Recent advances in artificial intelligence and deep
learning for cardiovascular imaging may improve the identification of patients at higher risk of
CV events toward deeper anatomical analysis of plaque size and composition, improving
prognostic stratification. Collaborative, multi-disciplinary approaches, including integration of
personalized physical therapy, lifestyle modification, adequate dietary prescription, will ensure
more effective and tailored intervention according to individual patients CV risk profile,

thereby improving global CV health of these patients.
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Target Dosing Follow-up Population I° end-point Outcome in RA Outcome in Observations
. general
Trial population
IL-1B 50, 150, 300 mg 3 years Prior MI and hsCRP Non-fatal MI, non-fatal Decreased Decrease recurrent
RCT every 3 months > 2 mg/dl stroke, CV death CV events 15% (150
(CANTOS) mg); no change in all-
cause mortality
IL-6Ri 280 mg 3-7 days STEMI Myocardial salvage index Increase in Reduction extent of
RCT single dose at cardiac MRI myocardial microvascular
(ASSAIL-MI) salvage index obstruction
(% left ventricular
volume)
Colchicine 0.5 mg/d vs pbo 4 years MI < 30 days after Composite§ HR 0.77 Benefit driven by ¥
RCT PCI (95% C10.61- stroke and
(COLCOT) 0.96) hospitalization for
angina
Colchicine 0.5 mg/d vs pbo 3 years Stable CAD Ccv HR 0.69 HR 0.70 for MI
RCT death+MI+stroke+coronary (95% C1 0.57- (95% C1 0.53-0.93)
(LoDoCo2) revascularization 0.83)
TCZ vs ETN TCZ 8 mg/kg/4 weeks 3 years mean > 50 years MACE HR 1.05
RCT, open-label ETN 50 mg/w >1 CV risk factor or (95% CI1 0.77-1.43)
(ENTRACTE) previous CV event TCZ vs ETN
Extra-articular RA
TNFa (ETN) 25 mg once, twice or three 24 weeks Heart failure Composite death or heart No effect
(RENEWAL) times/week (NYHA HI-1V) failure hospitalization
TNFa (INF) 5 mg/kg or 10 mg/kg at 0, 2 14 weeks Heart failure Clinical composite score No effect Dose 10 mg/Kg worse

(ATTACH)

and 6 weeks

(NYHA III-1V)

outcome




Anti-TNFa RA patients MACE Decreased Significant reduced
Systematic review and risk of MACE (20%-
meta-analysis 50%)
(Cohort studies,
RCTs)
JAK inhibitors TOFA 5 or 10 mg twice 4 years median > 50 years MACE Increased
Phase IIIb, IV vs anti-TNFo > 1 CV risk factor or (> 65 years, ever
(ORAL surveillance) previous CV event smoked)
Extra-articular RA
Methotrexate 15-20 mg/week vs placebo 2 years median Previous MI + MACE No effect
RCT DM or metabolic
(CIRT) syndrome
Methotrexate RA patients MACE Decreased 28% lower risk of

Systematic review and
meta-analysis
(Observational

studies)

CVD

Table 1: Trials with clinical hard CV endpoint of targeted therapies in patients with RA and in general population.

CAD: coronary artery disease. CV: cardiovascular. ETN: etanercept. INF: infliximab. MACE: major adverse CV event. MI: myocardial infarction. RA: rheumatoid arthritis.

RCT: randomized controlled trial. TCZ: tocilizumab.

§ death from CV causes, resuscitated cardiac arrest, MI, stroke, urgent hospitalization for angina leading to coronary revascularization




Figure 1. Effects of different drugs on innate immunity.

Methotrexate ~ (MTX) exerts its CV  effects through A2A  adenosine
receptors, potentially promoting reverse cholesterol transport and
reducing the transformation of macrophages into foam cells. Moreover,
by modulating adhesion molecules, MTX might interfere with macrophage
and  neutrophil  recruitment. = TNFo  inhibitors  lessen  the  inflammatory
burden with  direct effects in reversing the reduction of cholesterol
efflux and reducing foam cells in in-vitro studies. Furthermore, TNFa
inhibitors ~may  reduce the  expression of adhesion molecules  with
consequent impairment of  leukocyte recruitment  within atherosclerotic
plaques.  Finally, TNFa inhibition may interfere = with  endothelial cell
apoptosis and  consequent  lipid  accumulation and  plaque formation.
Among the potential anti-inflammatory  effects of inhibiting IL-6 and
IL-1, antagonist agents for these cytokines may reduce ROS production
by granulocyte activity deterioration and inflammasome activation,

respectively.  Colchicine (CLC) minimizes the activation of the NLRP3

inflammasome and microtubule formation for neutrophil-mediated
inflammation, thus interfering with atherosclerotic plaque formation
and stabilization. (see text for more details)
Figure 2. Effects of different drugs on adaptive immunity.

The  antagonism  of the CD80/CD86  with  anti-CTLA4  agents  has
anti-atherogenic  effects by  restoring the immunomodulatory activity of

Tregs and globally interfering with T cell infiltration and functions



in the  sub-endothelial  space. @~ The reduction of B  cells, through
anti-CD20 or anti-BAFF agents, may interfere with atherosclerotic
plaque infiltration by T-cells and also with antibody  production
against oxidized lipids and/or phospholipids with prothrombotic
effects, improving micro- and macrovascular  endothelial  function.  (see

text for more details)



