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Interaction with Toll-like receptors and scavenger receptors is involved 
in other pathways [16,17]. Aside from oxidised and/or enzymatically 
changed phospholipids, there are numerous other probable reasons 
of oxidised LDL (oxLDL)’s pro-atherogenic and pro-in�ammatory 
actions. Epitopes revealed during LDL modi�cation and/or oxidation 
have been postulated to constitute a conserved evolutionary system 
of danger-associated molecular patterns (DAMP), comparable to 
pathogen-associated molecular patterns (PAMP). Malondialdehyde 
(MDA), which is formed during the oxidation of LDL, is an example 
of a DAMP, along with phospholipid (PL)-related epitopes like PC. 
Adducts of MDA develop on proteins, peptides, carbohydrates, and 
DNA. Modi�ed and oxidised versions of apoB and cholesterol may 
potentially play a role, however the particular processes involving 
these molecules are not as well-known as those involving PC-exposing 
epitopes. While epidemiological studies show a strong association 
between smoking and atherosclerosis and CVD [18,19], the particular 
mechanisms by which smoking causes artery in�ammation remain 
unknown. Increased lipid oxidation is one intriguing explanation, as 
smoking has been linked to higher amounts of oxidised lipids [20]. 
Smoking enhances the formation of atherosclerotic lesions in animal 
models studied for the link between smoking and atherosclerosis [21-
23], with oxidative stress being one suggested underlying mechanism 
[24]. Clinical research has revealed evidence that in�ammatory 
phospholipids have a role in atherosclerosis. In diseases linked with 
increased atherosclerosis, such as hypertension and systemic lupus 
erythematosus (SLE), we have shown an increase in PC-exposing 
LDL [25]. Diabetes-related oxidative stress can potentially contribute 
to atherogenesis by increasing LDL oxidation [26]. Another possible 
factor contributing to atherosclerosis (and CVD) in diabetes is the 
production of advanced glycation end products (AGEs), which have 
proin�ammatory and potentially atherogenic features. 

Dead cells

�e involvement of cell death in atherosclerosis and plaque rupture 
is complicated and likely changes based on the stage of the illness as 
well as the kind of cell death involved, such as apoptosis or necrosis. It 
is possible that a lack of apoptotic cell clearance, resulting in necrosis, 

might contribute to in�ammation. Dying cells can stimulate the 
innate immune system and initiate an in�ammatory response, which 
is characterised by the production of the proin�ammatory cytokine 
IL-1beta, which activates the in�ammasome. �e production of 
endogenous factors known as damage-associated molecular patterns 
(DAMPs) following cell death, according to the danger hypothesis, 
might cause in�ammation [27]. DAMPs include molecules like high-
mobility group protein B1 (HMGB-1) and double-stranded DNA, 
as well as amyloid-peptides and heat-shock proteins (HSP). While 
cell death does not appear to be an early event in the development 
of atherosclerosis (the creation of fatty streaks and the in�ltration of 
monocytes/macrophages and T cells appear to occur earlier), it may 
contribute to in�ammation later on. Cell death may have a role in 
plaque rupture, however this has yet to be demonstrated convincingly.

Phospholipid-related epitopes

Antibodies that target phospholipids (aPL), namely cardiolipin 
(aCL), have been associated to cardiovascular disease (CVD), notably in 
people with systemic lupus erythematosus (SLE). However, conclusive 
proof of aPL as a causal factor in atherosclerosis has been di�cult to 
establish, with both positive and negative �ndings published [25]. 
We found no link between aPL and the occurrence of atherosclerotic 
plaques in SLE patients in a recent research. Pathogenic aPL o�en 
rely on plasma cofactors to induce CVD, such as beta2-glycoprotein 
I (beta2GPI). Direct e�ects on the endothelium and interaction with 
anticoagulant proteins such Annexin A5 are two possible mechanisms 
of action.

Cardiolipin (CL) is present in bacteria as well as the inner 
mitochondrial membrane of eukaryotic cells and has a characteristic 
double structure composed of four fatty acid chains. �is is noteworthy 
because mitochondria are thought to have evolved from bacteria. 
Unlike antibodies against cardiolipin (aCL), our new �ndings show 
a negative relationship between antibodies against oxidised forms 
of cardiolipin (aOxCL) and cardiovascular disease (CVD), with 
low levels associated with a greater risk and high levels associated 
with a reduced risk. Unlike aCL, aOxCL is not activated by beta2-
Antibodies that target phrylcphosnlusive 
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the progression of atherosclerosis by attaching to dead and dying cells 
within lesions, encouraging phagocytosis and the removal of damaging 
pro-in�ammatory chemicals. �erefore, low levels of anti-PC could 
potentially contribute to in�ammation in atherosclerosis, although the 
precise mechanisms are not yet fully understood. We have proposed 
that a Western lifestyle and certain infections uncommon in the 
Western world could be contributing factors that raise anti-PC levels. 
Additionally, relatively recent evolutionary factors such as gluten 
consumption might play a role. Genetic factors may also contribute, as 
the heritability of anti-PC is estimated to be 37%.

Heat shock proteins

Heat shock proteins (HSPs), notably HSP60 but also perhaps 
HSP70 and HSP90, are fascinating potential sources of in�ammation 
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IL-17A-producing T cells, for example, are located in the adventitia, 
and inhibiting IL-17A has been demonstrated to diminish aortic 
macrophage accumulation and atherosclerosis. Although immune-
competent lymphocytes, including T cells and B cells, have been found 
in adventitial lymphoid follicles in both the aorta and coronary arteries, 
our knowledge of the adventitia’s function in human atherosclerosis 
remains restricted. In atherosclerotic lesions, an important concern 
is how the adventitia interacts with the intima. In contrast to their 
prevalence in the adventitia of atherosclerotic lesions, B cells are not 
typically seen in the intima. According to research in animal models, 
the involvement of B cells in atherosclerosis is likely dependent on 
subsets, with B2 lymphocytes being atherogenic and B1 lymphocytes 
providing protection. Intimal haemorrhage is another condition that 
may lead to cardiovascular disease (CVD), plaque rupture, and late-
stage atherosclerosis. Late-stage lesions include a high concentration 
of erythrocyte membranes, which can function as proin�ammatory 
agents and increase the likelihood of plaque rupture. Immune 
modulatory treatment, which targets certain immune responses, might 
be used to treat atherosclerosis and/or cardiovascular disease (CVD). 
Targeting epitopes from oxidised low-density lipoprotein (oxLDL) is 
one example of such treatment. Immunisation with modi�ed forms 
of LDL was identi�ed in the mid-1990s to ameliorate atherosclerosis, 
showing the possibility of suppressing atherosclerosis development by 
immunisation. As previously stated, LDL oxidation produces a variety 
of chemical components, including fragmented apoB and oxidised 
phospholipids. One approach is to use apoB-derived peptides with 
immunomodulatory characteristics to target the apoB component. 
Another line of study and potential therapy focuses on employing 
monoclonal antibodies to target the phospholipid component, 
especially phosphocholine (PC). Cohort studies, animal trials, and 
in vitro research have all validated this method, demonstrating anti-
in�ammatory bene�ts, cell death suppression, and decreased oxLDL 
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