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Introduction

During the past three decades, animal experiments have immeasurably aided understanding the mechanisms of atherosclerosis development and subsequent complications [START_REF] Libby | Inflammation and immunity in diseases of the arterial tree: players and layers[END_REF]. In particular, the use of genetically engineered atherosclerosis-prone mice affirmed a major role for both innate and adaptive immunity in response to elevated plasma lipid concentrations. The immune/inflammatory cells recruited into the artery wall can secrete cytokines, including tumour necrosis factor (TNF)-α, interleukin (IL)-1β or IL-6, that may promote plaque growth and properties related to their propensity to provoke clinical complications in humans [START_REF] Ait-Oufella | Recent advances on the role of cytokines in atherosclerosis[END_REF]. Yet, the clinical relevance of these experimental findings has long remained unclear. The successful development of monoclonal antibody-based immunotherapies that target specific cytokines in the treatment of chronic immune-inflammatory diseases associated with increased cardiovascular risk, including psoriasis, rheumatoid arthritis and ankylosing spondylitis, provides interesting opportunities to address this knowledge gap [START_REF] Ait-Oufella | Anticytokine Immune Therapy and Atherothrombotic Cardiovascular Risk[END_REF] (Table 1).

TNF-α blockade

Human atherosclerotic plaques contain TNF-α, and TNF-α plasma concentrations associate with recurrence of major adverse cardiovascular events (MACE) in patients with acute coronary syndromes (ACS), even after adjustment for conventional cardiovascular risk factors [START_REF] Ridker | Elevation of tumor necrosis factor-alpha and increased risk of recurrent coronary events after myocardial infarction[END_REF]. Despite some conflicting results, experiments in mice established the atherogenicity of TNF-α, and Tnf-α gene deletion protects against experimental atherosclerosis. In patients with psoriatic arthritis, neutralizing anti-TNF-α monoclonal antibodies significantly reduced the progression of carotid atherosclerotic plaques, measured by ultrasound in non-randomized observations when compared to disease-modifying antirheumatic drugs (DMARDs) and non-selective immunomodulators including sulfasalazine, methotrexate and cyclosporin [START_REF] Minno | Carotid intimamedia thickness in psoriatic arthritis: differences between tumor necrosis factor-alpha blockers and traditional disease-modifying antirheumatic drugs[END_REF]. Positive vascular effects of anti-TNF-α antibodies associated with improved clinical outcomes in patients with rheumatoid arthritis or psoriasis, but the conclusions from these observational studies must be analysed with caution due to potential confounding factors. Nevertheless, based on experimental and clinical data, European experts recommended the use of either methotrexate or a TNF-α-blocking agents for treatment of patients with severe psoriasis at high cardiovascular risk. Anti-TNF-α therapy should not be used in patients with heart failure. This limitation emerged from the ATTACH study, a multicentre, randomized controlled study that showed that high doses of anti-TNF-α increased the risk of death and/or rehospitalization in patients with moderate to severe heart failure [START_REF] Chung | Randomized, double-blind, placebo-controlled, pilot trial of infliximab, a chimeric monoclonal antibody to tumor necrosis factor-alpha, in patients with moderate-to-severe heart failure: results of the anti-TNF Therapy Against Congestive Heart Failure (ATTACH) trial[END_REF]. The mechanisms behind these deleterious effects of TNF-α inhibitors remain uncertain. It merits mention that anti-TNF-α drugs in patients with lupus, obesity, metabolic syndrome or type 2 diabetes yielded inconsistent results, perhaps depending on patient characteristics.

IL-17 blockade

IL-17A, produce by CD4 + , natural killer (NK) and NKT cells, as well as vascular cells, participates in host defence against bacterial and fungal infections. The role of IL-17 in atherosclerosis remains unsettled.

Several studies reported a pathogenic effect of IL-17 in atherosclerotic mice, orchestrating the recruitment and the activation of myeloid cells within the intima, promoting the release of chemokines and proinflammatory cytokines [START_REF] Taleb | IL-17 and Th17 cells in atherosclerosis: subtle and contextual roles[END_REF]. Other studies, however, have shown protective effects of IL-17A by use of loss-or gain-of-function experiments attributed to decreased endothelial expression of VCAM-1 and increased collagen synthesis by vascular smooth muscle cells. In patients with ACS, plasma IL-17 can predict the recurrence of MACE, after adjustment for cardiovascular risk factors, treatments and Creactive protein (CRP) [START_REF] Simon | Circulating levels of interleukin-17 and cardiovascular outcomes in patients with acute myocardial infarction[END_REF]. The role of IL-17 in atherosclerosis may thus depend on context. Patients with high cardiovascular risk treated with inhibitors of the IL-17 pathway for dermatologic or rheumatologic diseases may therefore warrant intensive preventive efforts.

Currently, anti-IL-17 immunotherapy is used to treat patients with arthritis or psoriasis. Two recent trials in patients with psoriatic arthritis and ankylosing spondylitis, treated with an anti-IL-17A monoclonal antibody or placebo, reported a trend for increased MACE in groups treated with anti-IL-17A antibody [START_REF] Mease | Secukinumab Inhibition of Interleukin-17A in Patients with Psoriatic Arthritis[END_REF].

Even though the difference in adverse cardiovascular outcomes was not statistically significant in these studies, they sound a note of caution, especially in light of conflicting preclinical data. The ongoing postmarketing registry results should soon shed light on the long-term cardiovascular effects of anti-IL-17 immunotherapies, and provide more definitive information regarding cardiovascular safety than the smaller studies that may be underpowered for this assessment. Monoclonal antibodies that target IL-12p40/IL-23p19 have undergone evaluation in the treatment of severe forms of psoriasis. Briakinumab, a fully human anti-p40 monoclonal antibody, was withdrawn from the market due to frequent MACE during phase I and II studies. A meta-analysis found an increased risk of MACE under anti-IL-23 immunotherapy [START_REF] Tzellos | Association of anti-IL-12/23 biologic agents ustekinumab and briakinumab with major adverse cardiovascular events[END_REF]. A recent study presented at the French dermatology meeting on the SNIRAM (Système National d'Information Inter-régimes de l'Assurance Maladie) database confirmed this increase of MACE in individuals receiving anti-IL-23 therapy, mainly in patients with high cardiovascular risk. Such studies contrast with a pooled safety analysis of four trials reporting a similar overall rate of MACE in ustekinumab-treated patients and those receiving anti-TNF agents for moderateto-severe psoriasis [START_REF] Papp | Efficacy and safety of secukinumab in the treatment of moderate-to-severe plaque psoriasis: a randomized, double-blind, placebocontrolled phase II dose-ranging study[END_REF]. Three monoclonal antibodies that selectively inhibit the IL-23p19 subunit are in development for the treatment of moderate-to-severe psoriasis. Some cardiovascular safety data may become available soon.

IL-23 blockade

IL-6 blockade

IL-6, produced by both vascular and immune cells, mediates acute and chronic inflammatory responses [START_REF] Libby | All roads lead to IL-6: A central hub of cardiometabolic signaling[END_REF]. The vascular effects of IL-6 vary according to experimental conditions and atherosclerosis stages in mice. In humans, high IL-6 plasma levels associate with worse outcomes in people with or without manifest cardiovascular diseases. A large-scale collaborative genetic association analysis found that the IL6R rs7529229 variant, which associates with high plasma levels of soluble IL-6R and low CRP levels, also associated with reduced coronary artery disease events [START_REF] Swerdlow | The interleukin-6 receptor as a target for prevention of coronary heart disease: a mendelian randomisation analysis[END_REF].

Tocilizumab, an IL-6 receptor-blocking monoclonal antibody, has become available to treat rheumatoid arthritis. In different database studies, IL-6 blockade does not increase cardiovascular risk and possibly even protects against MACE occurrence, although it consistently raises plasma triglyceride concentrations [START_REF] Kim | Cardiovascular Safety of Tocilizumab Versus Tumor Necrosis Factor Inhibitors in Patients With Rheumatoid Arthritis: A Multi-Database Cohort Study[END_REF]. An ongoing phase II trial named ASSAIL-MI will evaluate the ability of a single administration of tocilizumab to reduce myocardial injury damage in patients with acute coronary syndrome.

IL-1β blockade

IL-1β production increases in response to a number of mediators including TNF-α and cholesterol crystals. In animal experiments, IL-1β exerts proatherogenic effects. Il-1β gene inactivation reduced atherosclerosis in mice whereas periarterial IL-1β administration accelerated vascular disease in pigs by increasing the activation of both immune and endothelial cells.

A human neutralizing anti-IL-1β monoclonal antibody, canakinumab, has approval for the treatment of rare inflammasome gain-of-function diseases, as well as juvenile chronic arthritis or familial Mediterranean fever. In a randomized trial including patients with diabetes at high cardiovascular risk, anti-IL-1β treatment reduced CRP and IL-6 plasma levels in a dose-dependent manner. More recently, in the international randomized CANTOS trial (n=10,061) with a median follow-up of 3.7 years, treatment with canakinumab reduced MACE in patients with stable coronary artery disease and high-sensitivity CRP >2 mg/L despite optimal medical treatment. In an on-treatment analysis, the most benefit from canakinumab accrued to participants who achieved high-sensitivity CRP concentrations less than 2 mg/L or IL-6 levels below the study median value of 1.65 ng/L after 3 months [START_REF] Ridker | Modulation of the interleukin-6 signalling pathway and incidence rates of atherosclerotic events and all-cause mortality: analyses from the Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS)[END_REF]. CANTOS provided the first proof in humans that targeting inflammation can reduce cardiovascular events independently of lipid lowering. Nonetheless, because of pharmacoeconomic issues, canakinumab is not commercialized for cardiovascular indications. An exploratory analysis of CANTOS showed a striking reduction in cancer incidence and mortality, an observation that spurred a number of ongoing clinical trials in the oncology arena.

Perspectives

In this review, we focus on antibody-based immunotherapy targeting cytokines, but other immunomodulatory strategies directed at enhancing immune tolerance are currently being explored, including low-dose IL-2-induced expansion of CD4 + regulatory T cells or vaccination against low-density lipoprotein-derived peptides.

The development of immunomodulatory therapies in chronic inflammatory diseases and cancers provides an exciting look to the future of treatment for patients with cardiovascular disease. After years of accumulating experimental evidence for a role of the immune system in atherosclerosis, we have now crossed the threshold of clinical translation. With regard to the use of anticytokine immunotherapy, the task remains to balance the risk of impaired host defences and tumour surveillance against antiinflammatory efficacy. The information reviewed above indicates that we will soon have many opportunities to harness immunomodulatory strategies to lower cardiovascular risk. Yet, only large prospective randomized trials will move the field forward from concept, laboratory investigation and small clinical studies to the many patients who remain at cardiovascular risk despite the best of current care. 

  IL-23 consists of the two subunits, IL-12p40 and IL-23p19. It maintains IL-17 production and promotes the survival of Th17 cells. Studies in atherosclerotic mice have yielded conflicting findings. IL-23 receptor deficiency in Ldlr -/-mice had no effect on atherosclerosis, whereas haematopoietic Il-23 gene inactivation accelerated atherosclerosis by inducing gut dysbiosis and increasing intestinal barrier permeability.

Table 1

 1 Summary of the atherothrombotic cardiovascular effects of antibody-based immunotherapytargeting cytokines. CAD: coronary artery disease; IL: interleukin; RA: rheumatoid arthritis; TNF: tumour necrosis factor.
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