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Abstract: Cardiovascular and related metabolic disorders constitute a worldwide health
challenge. Atherosclerosis is a chronic inflammatory condition based on both dyslipidemia
and inflammation. Therefore, even when dyslipidemia is controlled, the risk of atherosclero-
sis remains. Among the most efficient inflammatory mediators used as therapeutic tools in
cardiovascular disease are the interleukins, which are pro-inflammatory mediators like
cytokines. Moreover, a protein kinase inhibitors, p38 mitogen-activated protein kinase
(MAPK) inhibitor, and an inhibitor of a leukocyte adhesion molecule, P-Selectin, have
also presented therapeutic potential for this disorder. Colchicine, being an inexpensive
therapeutic option, has been proved to be suitable for the prevention of atherosclerosis. In
this review, we summarize all the studies, from 2010 to 2020, in which treatment approaches
based on the agents mentioned above are evaluated in the management of atherosclerosis.
Keywords: cytokines, interleukins, losmapimod, colchicine, p-selectin, inclacumab

Introduction

Atherosclerosis occurs when macrophage and elements of fat, mostly cholesterol
and its derivatives, are formed in the artery walls, limiting blood flow.'?
Atherosclerosis is a disease, which develops gradually. Mild atherosclerosis usually
does not have any symptoms. However, the progressed atherosclerosis leads to
formation of blood clot, which completely blocks blood flow and results in a heart
attack, stroke or coronary artery disease (CAD).'

Atherosclerosis is a progressive disease and is associated with several risk
factors such as hypercholesterolemia, high blood pressure, diabetes, obesity, high
triglycerides, genetic abnormalities, as well as life style factors including stress,
physical inactivity and tobacco smoking. All the factors presented may cause
damage to the inner layer of an artery, leading to atherosclerosis.*

It is common knowledge that hypercholesterolemia is the most important
pathogenic factor in both the initiation and progression of atherosclerosis.’
Therefore, several immunotherapeutic approaches and strategies, interfering with
lipoprotein metabolism and vascular cell function, have been developed as potential
therapeutic tools.°

Specifically, cytokines constitute a group of proteins that modulate immunity.
Certain cytokines have been proved to modulate the propagation of atherosclerosis.
Interleukins, for example, a type of cytokines, mediate signaling between white
blood cells. Therefore, numerous cytokines have been identified as potential ther-

apeutic targets.” ® Anti-CD3 antibodies and approaches targeting T-cells, are also
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identified as potent immunosuppressive factors, as they
CD3/T-cell 1011
Additionally, co-stimulatory signals of T-cell activation

modulate  the receptor  complex.

constitute  suitable  targets  for  immunological

interventions.'>'* Various antigens have also been
observed to initiate immune responses which modulate
atherosclerosis, such as bacterial and viral antigens, as
well as self-antigens that have been altered. Immune
responses to the majority of these antigens modulate dis-
ease propagation.'>'®

This review will focus on the application of a range of
experimental agents, which modulate immune responses
relevant to arteriosclerosis at several levels. The effective-
ness and the safety of these therapeutic tools to address
atherosclerosis will be discussed. This review includes
clinical trials that have studied the development and use
of these agents in preclinical studies and in patients for the

time period from 2010 to 2020.

Materials and Methods

Selection

A systematic research was conducted in databases includ-
ing PubMed, EMBASE and Cochrane for a time period
from 2010 to 2020. During this research, keywords such as
atherosclerosis, lipid lowering agents, cytokines, interleu-
kins, protein kinase inhibition, Losmapimod, Colchicine,
p-Selectin, Inclacumab and NLRP3 inhibitors were used.
The PRISMA approach was applied for the selection of
the published articles included in the review. The group of
interest included subjects presenting atherosclerosis at var-
ious levels. The reduction of atherosclerotic plaque and the
limitation of their progression were demonstrated as the
successful endpoints of these studies. For articles to be
selected, the suggestion of cytokines, interleukins, protein
kinase inhibitors, Losmapimod, Colchicine, p-Selectin,
Inclacumaband NLRP3 inhibitors should be the treatment
strategies. Furthermore, studies also included several
information about the sample of patients presenting ather-
osclerosis such as age or gender, as well as information
concerning diagnostic criteria, and the baseline medical
treatment. Review articles and case reports were not con-
sidered eligible for the purpose of this review. Moreover,
articles presenting only abstracts or not being completely
relevant to the topic were excluded from this review.
Duplicates or publications that were not in English lan-
guage were also excluded. Reference lists of all accessed
full-text articles were further searched for sources of

potentially relevant information. A total of 78 records
were identified. Following removal of the non-suitable
articles, 22 records remained. The full-text articles
assessed for eligibility were 22 and none of them was

excluded.

Results
Cytokines

Research on atherosclerosis is based on identifying all the
risk factors for atherosclerosis, such as increased levels of
plasma LDL-cholesterol and decreased levels of plasma
HDL-cholesterol. Moreover, risk factors for atherosclero-
sis constitute several pro-inflammatory mediators, like
cytokines. Cytokines are produced in atherosclerotic
lesions, mainly by macrophages and their inhibition con-
tributes to atherosclerosis.

In 2011, Ridker et al, started the investigation concern-
ing the ability of interleukin-1f (IL-1P) inhibition to
reduce the rate of cardiovascular conditions in with cor-
onary artery disease.'” Interleukins are crucial mediators
involved in the systemic inflammatory response.
Particularly interleukin-1 (IL-1) is a pro-inflammatory
cytokine with a quite important role in the atherothrombo-
tic process. Moreover, Canakinumab is used as
a therapeutic tool for inherited IL-1p driven inflammatory
conditions. In this study, 17.200 patients with persistent
increase of hsCRP were randomized to either placebo or to
Canakinumab. All patients enrolled to this study followed
up for 4 years and were evaluated for nonfatal myocardial
infarction, nonfatal stroke, cardiovascular death, as well as
for other cardiovascular events. Importantly, patients trea-
ted with 50, 150, and 300 mg of Canakinumab presented
an optimal balance between safety, tolerability and effi-
cacy in inflammatory conditions.

The possible effect of inflammation on atherosclerosis
was examined in mice. Schuett et al studied the potential
of glycoprotein 130 (sgp130) and IgGl-Fc (sgpl30Fc),
natural interleukin-6 (IL-6) transsignaling inhibitors, to
reduce atherosclerosis in hypercholesterolemic mice
(Table 1, entry 1)."® During this study, hypercholesterole-
mic mice, received a high-fat, and high-cholesterol diet,
were randomized to 3 groups. The study began after 12
weeks of feeding. Mice in 1 of the groups were injected
twice weekly with sgp130Fc, whereas the control group
received only the vehicle phosphate-buffered saline (PBS).
The results were evaluated by the tissue and fasted plasma

collected from mice after 12 weeks and 24 weeks of diet,
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patients, presenting myocardial infarction and low
C-reactive protein level, were enrolled. Patients were ran-
domized to receive Canakinumab, a therapeutic monoclo-
nal antibody targeting interleukin-1p, or placebo. After 48
months, the median reduction in the C-reactive protein
level was greater than in the placebo group, although
Canakinumab did not lead to lipid levels reduction.
Importantly, the 150-mg dose of Canakinumab, managed
to meet both the primary the secondary end point, resulting
in reduced risk of nonfatal myocardial infarction. On the
basis of these data, Canakinumab at a dose of 150 mg
every 3 months constitutes a promising therapy for recur-
rent cardiovascular events, independent of reducing the
Ridker et al

whereas interleukin-6 (IL-6) inhibition is associated with

lipid-status. Furthermore, investigated
cardiovascular outcomes (Table 1, entry 5).** During this
study, 4833 patients with atherosclerosis have participated.
The IL-6 levels of the patients were measured before
randomization and after receiving either placebo or
Canakinumab for 5 years. According to the results parti-
cipants treated with Canakinumab achieved IL-6 levels
below the study median level and reduction in major
adverse cardiovascular events. However, in patients that
IL-6 levels remained equal or above the study median
level after taking the first dose of Canakinumab did not
present any notable benefit concerning cardiovascular
events. Therefore, there are promising results that modula-
tion of the IL-6 signaling pathway, during therapy with
Canakinumab, is related to reduction in cardiovascular
event rates. Finally, Russell et al also tested the possible
impact of canakinumab in patients suffering from periph-
eral artery disease (Table 1, entry 6).> They administered
to 38 patients to a ratio of 1:1 canakinumab and placebo
subcutaneously in a monthly basis. They finally demon-
strated that inflammatory markers such as CPR and IL-6
fell, as well as no plaque progression, were observed in
patients receiving canakinumab.

Methotrexate was also tested for possible anti-
atherogenetic effect on patients with cardiovascular dis-
eases (Table 1, entry 7).>* Patients received low doses of
methotrexate weekly or placebo. The primary endpoint of
the study was nonfatal stroke, nonfatal myocardial infrac-
tion or sudden cardiovascular death. The use of metho-
trexate was not associated with fewer levels of
inflammatory cytokines such as CRP, IL-1, IL-6 and did
not reduce the risk for a cardiovascular event. In addition,
side effects, including elevation of liver enzymes, leuco-
penia and anemia, occurred.

Protein Kinase Inhibitors

The mitogen-activated protein kinases (MAPKs) mediate
inflammatory pathways that are associated with athero-
sclerosis such as the production of cytokines. The most
studied mitogen-activated protein kinase is the p38
MAPK, utilizing the inhibitor Losmapimod. It has already
been reported that Losmapimod attenuates the inflamma-
tory response in the vascular wall and as a result, stabilizes
plaque and decreases the rate of inflammation C-reactive
protein. Thus, it demonstrates a clinical benefit.

In 2012, Elkhawad et al studied the correlation of the
p38 mitogen-activated protein kinase cascade to the initia-
tion and progression of inflammatory diseases, including
atherosclerosis (Table 1, entry 8).° During this study,
patients with atherosclerosis, treated with statin therapy,
were randomized to receive Losmapimod or placebo. After
84 days, the vascular inflammation was detected by
'8F_fluorodeoxyglucose positron emission tomography or
computed tomography imaging of the carotid arteries and
aorta. According to the results, a significant reduction in
average tissue-to-background ratio was observed in
patients, who received a high dose of Losmapimod, com-
pared to placebo. A notable reduction in inflammatory
biomarkers and '®F-fluorodeoxyglucose uptake in visceral
fat was also detected in patients treated with Losmapimod.
As a result, a high dose of Losmapimod led to the reduc-
tion of vascular inflammation in the most inflamed
regions, as well as to the reduction in inflammatory bio-
markers and '®*F-fluorodeoxyglucose uptake in visceral fat,
indicating a systemic anti-inflammatory action.

In 2014, Newby et al investigated the potential of p38
MAPK inhibition concerning myocardial protective effects
(Table 1, entry 9).%° In this trial, patients with non-ST-
segment elevation myocardial infarction (NSTEMI) were
treated with Losmapimod or placebo. According to the
results, high sensitivity C-reactive protein concentrations
at 72 h were detected to be lower in patients treated with
Losmapimod, compared to placebo group. However, the
same concentrations proved to be similar after 12 weeks
treatment. Moreover, mean B-type natriuretic peptide con-
centrations were also similar at 72 h of treatment, but
notably lower in patients received Losmapimod at 12
weeks. Additionally, mean troponin [ area under the
curve values did not present any difference. On the basis
of these data, p38 MAPK inhibition with oral
Losmapimod can be considered as a well-tolerated and
efficient treatment method in NSTEMI patients and can
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result in beneficial outcomes after acute coronary
syndromes.

Losmapimod was also examined by O’Donoghue et al.
They conducted a trial, in which 25.500 patients present-
ing non-ST-elevation or ST-elevation myocardial infarc-
tion (MI) participated.”” Patients were randomized to
receive oral Losmapimod or placebo for 24 weeks. The
end point of this trial is the prevention of cardiovascular
death, myocardial infarction, or severe recurrent ischemia.
The clinical results reported in 2016 (Table 1, entry 10),%®
according to which, patients in both groups presented
similar clinical outcomes since 99.1% of the patients had
complete ascertainment for the composite of cardiovascu-
lar death, MI, or severe recurrent ischemia. More specifi-
cally, the primary end point was observed by 12 weeks in
7% of the patients treated with placebo and 8% of the
patients treated with Losmapimod. Treatment rates of ser-
ious adverse events were detected in 16% of the patients
treated with Losmapimod and in 14% of the patients

treated with placebo.

Colchicine

Colchicine is a widely available and low-cost therapeutic
tool with various anti-inflammatory properties. Blocking
the NLRP3 inflammasome, a cytosolic complex responsi-
ble for the production of interleukins IL-1b and IL-18,
Colchicine is considered as a suitable treatment method
for the prevention of atherosclerosis.

Firstly, Raju et al examined the administration of col-
chicine Img or placebo in 80 patients with acute coronary
syndrome or ischemic stroke (Table 1, entry 11).*° They
compared the effects of the above drugs on CRP and
platelet function. They showed no difference in both clin-
ical and laboratory findings. However, an increase in the
incidence of diarrheas was observed. Another study of
Kajikawa et al also showed no promising results concern-
ing the use of colchicines on endothelial function and
atherosclerosis (Table 1, entry 12).3° They conducted
a trial of 28 patients with acute coronary syndrome, who
received placebo or colchicines of 0.5 mg orally for 7
days. Although a reduction of CRP was shown in the
colchicines group, no significant difference in the flow
mediated vasodilation was noticed (p = 0.384).

On the contrary, other clinical trials showed encoura-
ging results of the use of colchicines in cardiovascular
diseases. In 2013, Nidorf et al investigated whereas
Colchicine at a dose of 0.5 mg/day is able to reduce the
risk of cardiovascular episodes in patients with coronary

disease (Table 1, entry 13).*' In this clinical trial, 532
patients with stable coronary disease were enrolled.
Patients, who were already receiving Aspirin,
Clopidogrel and statins were randomized to be treated
with Colchicine 0.5 mg/day or no Colchicine for 3 years.
In the 5.3% of the patients treated with Colchicine and in
16% of the patients who did not receive Colchicine,
a composite incidence of acute coronary syndrome, out-
of-hospital cardiac arrest, or non-cardioembolic ischemic
stroke was observed. As a result, Colchicine in a dose of
0.5 mg/day in addition to statins proved to be a promising
therapeutic option for the prevention of cardiovascular
events in patients with coronary disease.

Furthermore, Martinez et al conducted a trial in order
to estimate the cardiac production of inflammatory cyto-
kines in patients with acute coronary syndromes and to
investigate the ability of Colchicine to prevent their pro-
duction (Table 1, entry 14).** During this trial, 33 patients
suffering from stable coronary artery disease and 10 con-
trol subjects participated. Coronary artery disease patients
were randomized to colchicine or no colchicine, 6 to 24
hours before cardiac catheterization. IL-1b, IL-18, and IL-
6 were detected in blood samples, using ELISA. In
patients suffering from coronary artery disease, coronary
sinus levels of IL-1b, IL-18, and IL-6 were significantly
higher than arterial and venous. Trans coronary levels of
IL-1b, IL-18, and IL-6 were highest in coronary artery
disease patients and lowest in controls. According to the
results, treatment with Colchicine led to significantly
reduced trans coronary levels of these cytokines in coron-
ary artery disease patients by 40% to 88% and can be
considered as a potential treatment option for increased
local cardiac production of inflammatory cytokines in
these patients. Another study also tested the possible effect
of colchicines in patients with acute coronary syndrome
(Table 1, entry 15).* Specifically, 21 patients were rando-
mized to either placebo or colchicines orally at 2 doses,
with a difference of 1 hour. Blood specimens were exam-
ined. The researchers demonstrated reduced levels of IL-1
and caspase-1 and pro-caspase-1 levels in patients receiv-
ing colchicine.

In 2017, Vaidya et al conducted a study in order to
evaluate the impact of Colchicine on the plaque modifica-
tion, as well as the optimal medical therapy in patients that
had underwent an acute coronary syndrome (Table 1, entry
16).>* In this study 80 patients presented with acute cor-
onary syndrome randomized to receive either 0.5 mg/day
Colchicine plus the optimal medical therapy or the optimal
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medical therapy alone for 1 year. Then, low attenuation
plaque volume (LAPV), a marker of plaque instability was
detected via coronary computed tomography angiography.
Also,
(hsCRP) were also investigated. According to the results,

changes in high-sensitivity C-reactive protein

Colchicine therapy led to a significant reduction of LAPV
and hsCRP was
Concerning the total atheroma volume and low-density

observed, compared to controls.
lipoprotein levels, the results were similar. In the case of
multivariate linear regression, patients that received
Colchicine presented significantly decreased levels in
LAPV and hsCRP. As a result, low-dose Colchicine ther-
apy can be beneficial and positively modify the coronary
plaque. Given that Colchicine has anti-inflammatory prop-
erties, as proved by reductions in hsCRP, the clinical
findings of this study suggest that Colchicine may be
meaningful as an additional secondary treatment option
in patients having presented acute coronary syndrome.

Tucker et al examined the possible impact of colchi-
cines administration in patients with acute coronary syn-
drome (Table 1, entry 17).° Patients received orally
colchicines 1.5 mg daily. They measured the levels of
specific inflammatory molecules after cardiac catheteriza-
tion. They showed that trans coronary levels of chemokine
ligand 2 (CCL2), C-X3-C motif chemokine ligand 1
(CX3CL1) were less elevated in patients receiving colchi-
cines compared to patients receiving placebo. Another
study came to confirm the above results (Table 1, entry
18).%¢ Specifically, colchicine of 0.5 mg was given to
patients suffering from acute coronary infraction the last
30 days. The daily administration was associated with
lower risk of cardiovascular events such as angina, myo-
cardial infraction and death.

This year, a randomized double-blinded controlled trial
examined the results of the administration of colchicines
0.6 mg or placebo twice daily in 40 subjects with meta-
bolic syndrome or obesity (Table 1, entry 19).>’ The
researchers showed that colchicine reduced levels of ather-
ogenetic and inflammatory factors such as IL-6. They
increased levels of molecules, which help damage repair
such as growth/differentiation factor 15 and antithrombotic
proteins, such as protein C. Decrease in fasting insulin
resistance was highly associated with GDF15 (p =—0.63,
p=0.000).

P-Selectin
A sign of inflammation is the recruitment of leukocytes,

which depends on the expression of endothelial-

leukocytes. This process is based not only on endothelial
cells but also on an adhesion molecule, known as
P-Selectin. This adhesion molecule plays a crucial role in
acute inflammation complicated by thrombosis.

In 2013, Tardif et al investigated whereas Inclacumab,
a recombinant monoclonal antibody against P-Selectin, can
be considered as a potential therapeutic agent for the reduc-
tion of myocardial damage, that may appear in the case of
percutaneous coronary intervention, in patients with non-ST
segment elevation myocardial infarction (Table 1, entry
20).%® During this trial, 544 patients with non-ST segment
elevation myocardial infarction participated and were ran-
domized in a 1:1:1 ratio to 3 groups: the first group was
treated with Inclacumabin a dose of 5 mg/kg, the second
group was treated with Inclacumabin a dose of 20 mg/kg and
the third group received placebo (SELECT-ACS Trial).
Then the change from baseline in troponin I (Tnl) and in
CK-MB, after 16 and 24 hours after percutaneous coronary
intervention, was detected. According to the results,
Inclacumabin a dose of 5 mg/kg did not lead to any change
concerning the Tnl level. However, Inclacumabin a dose of
20 mg/kg resulted in a significant decrease in Tnl levels,
compared to placebo. Along the same lines, CK-MB levels
were reduced in the group treated with Inclacumab in a dose
of 20 mg/kg, compared to the placebo group. As a result,
Inclacumab appears to be a potential and promising treat-
ment option for the reduction of myocardial damage after
PCI in patients with NSTEMI.

In 2016, Stéhli et al studied the impact of Inclacumab on
myocardial damage (Table 1, entry 21).*° In this study, vary-
ing time periods were passed between the drug infusion and
percutaneous coronary intervention. Patients have been
enrolled in the SELECT-ACS trial, presented above, and
randomized to be treated with Inclacumab (5 or 20 mg/kg)
or placebo, were divided based on the time interval between
the drug infusion and PCI. The change of troponin I levels
from baseline at 16 and 24 hours after PCI was detected.
Patients treated with Inclacumab 20 mg/kg with a short time
interval between infusion and PCI, the changes in troponin
I and creatine kinase-myocardial band proved to be decreased.
Troponin I and creatine kinase-myocardial band levels in
patients with a long time interval between infusion and PCI
were observed to be similar to the initial ones. Therefore,
Inclacumab in a dose of 20 mg/kg notably decrease myocar-
dial damage after percutaneous coronary intervention in
patients with non-ST-segment elevation myocardial infarction
and seems to be more beneficial in the case that the drug
infusion takes place less than 3 hours before PCIL.
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NLRP3 Inhibitors

NLR family, that includes pyrin domain-containing protein
3 (NLRP3) inflammasome, is a multi-protein complex,
playing a crucial role in the mediation of innate inflamma-
tory responses that are related to numerous pathogen-
associated pathways, including atherosclerosis.
Concerning the molecular pathways, identification of
altered LDL particles by toll-like receptors (TLRs) or
scavenger receptors on macrophages trigger the activation
of NLRP3 complex in atherosclerosis.

This activation leads to the activation of ProlL-1p and
caspase-1 that are also up-regulated. Then, the modified
LDL particles initiate the formation of cholesterol crystal
in macrophages. Since cholesterol levels are increased in
the macrophage cell, and they become “foam cells”.
Lysosomal rupture takes place releasing cathepsins
release. As a result, the formation of atherosclerotic pla-
ques is initiated. Therefore, several studies have high-
lighted  the NLRP3

inflammasome activation inhibitors, concerning the devel-

therapeutic ~ potential  of
opment and progression of atherosclerosis.

In 2015, Coll et al presented the development of
MCC950, a selective agent that acts as an inhibitor of
NLRP3 (Table 1, entry 22).*° In this study, mouse bone
macrophages derived from the marrow, human macrophages
from monocytes as well as human peripheral blood mono-
nuclear cells were used in order the impact of MCC950 on
NLRP3 inflammasome activation to be evaluated.
Importantly, MCC950 has the ability to prevent the canoni-
cal and non-canonical NLRP3 activation even when it is
used at nanomolar concentrations. According to the results,
MCC950 specifically blocked the activation of NLRP3
inflammasome, but he proved to be unable to block the
activation of the AIM2, NLRC4 or NLRP1 inflammasomes.
MCC950 also led to the reduction of interleukin-1b (IL-1b)
production in vivo and resulting in less severe autoimmune
encephalomyelitis that was developed experimentally in
a model subject with multiple sclerosis. Moreover,
MCC950 was found to reduce neonatal lethality in
a mouse model of CAPS. As a result, MCC950 is considered
as a potential therapeutic option for NLRP3-related syn-
dromes, such as auto-inflammatory diseases.

Discussion

Atherosclerosis, being the leading cause of several cardi-
ovascular conditions, such as heart attacks, strokes, and
peripheral vascular disease, is a quite important disorder.

Therefore, numerous different therapeutic strategies have
been developed, based on the efficiency of immunother-
apeutic interventions, aiming to the decrease atherosclero-
sis levels.*!

Several already existing reviews have presented
a plethora of trials, evaluating the efficiency and the safety
of the demonstrated therapeutic strategies. For example,
the antithrombotic treatment and antiplatelet or anticoagu-
lant therapeutic agents have been reported to play an
important role in the treatment of atherosclerosis.**
A very common drug, used in antiplatelet therapy, is
aspirin which is related to a significant reduction in the
risk of myocardial infarction, presenting anti-inflammatory
properties. Other antiplatelet drugs that have been used for
the management of atherosclerosis are thienopyridines.
However, the antiatherogenic effects of antiplatelet drugs
are controversial, since are not confirmed from clinical
trials.

A therapeutic agent against atherosclerosis that has
been widely studied is interleukin-1 beta (IL-1b).****
The mechanistic pathway is based on the generation of
active IL-1b via the action of a molecular complex, also
known as the inflammasome by local stimuli in the plaque
favor. A variety of clinical findings suggest that treatment
that inhibits the IL-1 action lead to improved cardiovas-
cular outcomes. Others treatment methods that have been
suggested for the management of atherosclerosis are var-
ious antioxidants which have not been proved quite bene-
ficial in the clinical trials.** Furthermore, the p38 mitogen-
activated protein kinase (MAPK) inhibitor, P-Selectin,
which is an inhibitor of a leukocyte adhesion, as well as
low-dose methotrexate has been tested in several clinical
trials with leading to mediocre clinical findings.*’

Some studies suggest that agents blocking the absorption
of dietary cholesterol lead to an increase in HDL-cholesterol
and a decrease in LDL-cholesterol. As a result a reduction in
triglyceride levels is achieved that has been proved to be
beneficial in the treatment of atherosclerosis.*® Statins being
therapeutic agents that are associated with low-density lipo-
protein (LDL) can reduce the risk of atherosclerotic events.
Statins have been proved to reduce the levels of high-
sensitivity C-reactive protein and adhesion molecules that
are increased in inflammation conditions and
atherosclerosis.*”*® Apart from statins, proprotein conver-
tase subtilisin/kexin type 9 (PCSK9) inhibitors have been
shown to reduce LDL-C levels when administered as
a treatment option alone or in combination with statins. As
a result, PCSK9 inhibitors can actually reduce the incidence
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of cardiovascular conditions, including atherosclerosis.*’
Incretin-based therapies have also been developed and are
reported to be effective and well tolerated, leading to low-
ering the risk of cardiovascular events.™

Herein, the therapeutic potential of several cytokines,
protein kinase inhibitors, Colchicine, p-Selectin and an
inhibitor of NLRP3 is discussed, based on studies that
have been conducted from the time period 2010-2020.
According to the results, cytokines participating in the
inflammatory pathway of atherosclerosis, led to the most
promising results. More specifically, agents that block
Interleukins, which are pro-inflammatory cytokines, such
as Canakinumab have been used as therapeutic tools for
the reduction of atherosclerosis, presenting safety, toler-
ability and efficacy. Additionally, Glycoprotein 130
(sgp130) and IgG1l-Fc (sgpl30Fc), that are interleukin-6
(IL-6) inhibitors, have been proved to reduce advanced
atherosclerosis in hypercholesterolemic mice, suggesting
that IL-6 transsignaling may be an option for the managing
of atherogenesis in humans. Moreover, IL-1a proved to be
the predominant inflammatory cytokine related to athero-
sclerosis by IL-1R signaling. Therefore, Xilonix, a true
human monoclonal antibody targeting IL-1a, can be con-
sidered as a potential treatment agent safe and effective
therapeutic method for major adverse cardiovascular
events, including atherosclerosis.

The mitogen-activated protein kinases (MAPKs) med-
iate inflammatory pathways are linked to atherosclerosis.
Losmapimod, the most widely known mitogen-activated
protein kinase inhibitor, is considered to be a suitable
treatment option for the reduction of vascular inflamma-
tion when it is used in high doses. Losmapimod proved to
be a well tolerated and efficient therapeutic agent for
patients with acute coronary syndromes.

Apart from cytokines and protein kinases inhibitors,
Colchicine is a therapeutic tool with a variety of anti-
inflammatory properties. According to the presented trials,
Colchicine in a low dose therapy can be a promising
therapeutic option for the prevention of cardiovascular
events in patients with coronary disease. More beneficial
clinical results are achieved when Colchicine is used in
combination with statins.

Inflammation occurs with the recruitment of leuko-
cytes, which is associated with an adhesion molecule,
P-Selectin. Inclacumab is a recombinant monoclonal anti-
body against P-Selectin and has been suggested as
a potential and meaningful treatment option for the
decrease of myocardial damage after PCI in patients with

NSTEMI, reducing troponin I (Tnl) and in CK-MB levels.
However, Inclacumab seems to be more beneficial when
the drug infusion is done less than 3 hours before PCI.

Inhibitors of NLRP3, a pyrin domain-containing pro-
tein 3 inflammasome related to various pathogen-
associated disorders, including atherosclerosis.
A selective inhibitor of NLRP3 is MCC950, which results
in the reduction of interleukin-1b production and reduced
the severity of autoimmune encephalomyelitis developed
in a model subject with multiple sclerosis. MCC950 also
reduces neonatal lethality in a mouse model of CAPS.

Finally, molecular imaging of atherosclerotic lesions
constitutes a crucial experimental tool nowadays, provid-
ing a direct insight to the molecular pathway of athero-
sclerosis and its complications.”’ Molecular imaging
should be in wide use during the clinical trials in order
highlights on the cardiovascular process to be achieved.
Thus, this will lead to the development and evaluation of
novel, alternative and promising therapeutics.

Conclusion

In conclusion, the therapeutic potential of cytokines, protein
kinase inhibitors, Colchicine, p-Selectin and NLRP3 inhibi-
tors is discussed. These agents gain ground in prevention of
atherosclerosis, since beneficial clinical results are achieved.
However, reliable biomarkers for efficient interventions need
to be defined, in order for successful monitoring of such
cardiovascular disorders like atherosclerosis to be achieved.
Moreover, a deeper understanding of the mechanism of this
disorder may lead to the development of suitable interven-
tion mediates for this immune response. More clinical trials
should also be conducted, for avoiding any biased conclu-
sion concerning the evaluation of the clinical outcomes.
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