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Chronic low-grade inflammation is a particularly relevant risk factor in
cardiovascular disease (CVD), contributing to unresolved inflammation
and autoimmune responses in the arterial wall that can drive the pro-
gression of atherosclerosis as well as heart failure." Strategies to har-
ness the innate and adaptive response, such as anti-inflammatory
therapies, have been tested to reduce the cardiovascular risk burden.
For instance, anti-IL-1p therapy with canakinumab and colchicine was
shown to be effective in reducing the incidence of cardiovascular events
in high-risk patients. Nevertheless, broad targeting of inflammation in
the context of CVD has shown clear limitations, for example, canakinu-
mab significantly increased the risk of death from sepsis in the
CANTOS trial,2 whereas the use of colchicine is not an option for in-
dividuals with impaired liver and kidney function. Thus, while targeting
unresolved arterial inflammation in atherosclerosis seems like a key
strategy for patients with residual risk, beyond the control of classical
risk factors, other more targeted-specific therapies to control the im-
munity driving CVD need to be developed.®

Emerging research reveals that metabolism and immunity are com-
pletely interrelated processes that play a crucial role in health and disease.
This is particularly relevant in cardiometabolic disorders, in which
changes in systemic metabolism not only promote inflammation but
also contribute to the reprogramming of the cellular metabolism and
function of immune cells. In this context, a new field of research, ‘immu-
nometabolism’, has emerged to study how metabolic pathways influence
immune cells to carry out their functions, as well as how alterations in
immune cell metabolism can influence immunity and inflammation, and
their impact on disease (Figure 1).” It is important to note that the meta-
bolic rewiring induced by immune cell activation fulfils a key role beyond

the production of energy and building blocks for biosynthesis; it can regu-
late the redox balance and control the activity of enzymes and metabolite
production that orchestrate signalling, for example, by serving as cofac-
tors and mediating post-translational or epigenetic modifications.

Recent results in the immunometabolism field indicate that the
pro-inflammatory signalling associated with CVD triggers a metabolic
switch in both myeloid and lymphoid cells, including bone marrow pre-
cursors, influencing their differentiation, signalling, and immune effector
functions.® It is well known now that inflammatory macrophages,
monocytes, activated B cells, and effector T cells prioritize glycolysis
and the conversion of pyruvate to lactate for rapid ATP generation,
even in the presence of oxygen (the Warburg effect), which can be
accompanied by the reprogramming of sterol, lipid, and amino acid
metabolism to support quick cell activation and/or proliferation. In con-
trast, oxidative phosphorylation and fatty acid oxidation are prevalent
in resting and naive cells and are associated with the maintenance of
the anti-inflammatory activity of, for instance, pro-resolution macro-
phages and regulatory T cells.®> Considering that intracellular metabolic
switching is well known and considered a target to combat cancer, the
manipulation of immune cell metabolism emerges as a promising strat-
egy to fight uncontrolled infections and autoimmune and autoinflam-
matory disorders, including CVDs, in the near future.

It should be noted that cardiometabolic disorders represent a more
complicated setting for manipulating immunometabolism, as changes in
systemic metabolism (as a consequence of diabetes, dyslipidaemia, meta-
bolic syndrome, and obesity) influence the nutrient and metabolite land-
scape in the circulation and tissues, potentially affecting protective cellular
metabolic feedback loops that could help prevent these diseases.®
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Figure 1 Implication of immunometabolism for cardiometabolic disease. Immunometabolism refers to the interplay between metabolism and im-
munity. It comprises the studies of metabolic alterations that are induced upon immune activation and regulate inflammatory signalling and immune
function, together controlling the balance between health and disease. Cellular immunometabolism is affected by systemic immunometabolism and
other external factors and regulate immune cell function, providing multiple opportunities for targeting and disease management

The big question is how can emerging immunometabolism knowledge
be translated into clinical practice? It is known that several drugs targeting
metabolism can improve CVD, for example statins, which not only re-
duce plasma LDL-C levels, but also dampen inflammation.” However, gi-
ven the mechanism of action of statins and their primary target
(hepatocytes), the likelihood that they can exert robust immunometa-
bolic regulation in immune cells in atherosclerotic plaques, independently
of the reduction of lipoprotein levels, is limited. Indeed, other drugs that
lower LDL-C by other mechanisms of action, such as ezetimibe, bempe-
doic acid, or PCSK9 inhibitors, have been suggested to improve the
immuno-inflammatory  profile independently of their systemic
lipid-lowering effects.® Interestingly, immunomodulatory effects have
also been proposed for SGLT2i° and GLP1RA,'® but it is not clear
whether these result from the improvement of the metabolic landscape
or may depend on direct effects on cellular immunometabolism.

While repurposing of drugs to modulate the metabolism of immune
cells is a possibility, the lack of specificity for many of them may limit their
use without wanted or non-wanted systemic effects. In this context, the
growing field of immunometabolism research aims at advancing our un-
derstanding of the role of specific cellular immunometabolic checkpoints
and to develop novel therapeutics that selectively target immune cell sub-
sets. The exciting basic research findings from the field are paving the way
for a new era of cardio-immunometabolic pharmacology and better ways
to improving CVD outcomes associated with immune activation and in-
flammation, which are clearly not sufficiently targeted by current guide-
line therapies.
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