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Abstract: Cardiovascular diseases (CVDs) which consist of ischemic heart disease, stroke, heart
failure, peripheral arterial disease, and several other cardiac and vascular conditions are one of
the most common causes of death worldwide and often co-occur with diabetes mellitus and lipid
disorders which worsens the prognosis and becomes a therapeutic challenge. Due to the increasing
number of patients with CVDs, we need to search for new risk factors and pathophysiological
changes to create new strategies for preventing, diagnosing, and treating not only CVDs but also
comorbidities like diabetes mellitus and lipid disorders. As increasing amount of patients suffering
from CVDs, there are many therapies which focus on new molecular targets like proprotein convertase
subtilisin/kexin type 9 (PCSK9), angiopoietin-like protein 3, ATP-citrate lyase, or new technologies
such as siRNA in treatment of dyslipidemia or sodium-glucose co-transporter-2 and glucagon-like
peptide-1 in treatment of diabetes mellitus. Both SGLT-2 inhibitors and GLP-1 receptor agonists are
used in the treatment of diabetes, however, they proved to have a beneficial effect in CVDs as well.
Moreover, a significant amount of evidence has shown that exosomes seem to be associated with
myocardial ischaemia and that exosome levels correlate with the severity of myocardial injury. In
our work, we would like to focus on the above mechanisms. The knowledge of them allows for the
appearance of new strategies of treatment among patients with CVDs.

Keywords: cardiovascular diseases; dyslipidemia; PCSK9 inhibitors; ANGPTL3; bempedoic acid;
siRNA; diabetes; SGLT-2 inhibitors; GLP-1 receptor agonists; VCP/p97

1. Introduction

Cardiovascular diseases (CVDs) which consist of ischemic heart disease, stroke, heart
failure, peripheral arterial disease, and several other cardiac and vascular conditions are
some of the most common causes of death worldwide [1]. In 2017, CVDs caused an esti-
mated 17.8 million deaths [2]. The most classic risk factors are high blood pressure, insulin
resistance or diabetes mellitus (DM), high body mass index, air pollution, tobacco use (in-
cluding smoking and passive smoking), impaired kidney function, lead exposure, alcohol
use, physical inactivity, unhealthful dietary intake, and dyslipidemia which leads to athero-
genesis [3]. Atherogenesis develops due to increased levels of atherogenic lipoproteins in
the plasma: apoB and non-high-density lipoprotein cholesterol (non-HDL-C) [4,5].

As mentioned above, diabetes is one of the risk factors of CVDs, however, it also
co-occurs with them. DM contributes to both microvascular (retinopathy, nephropathy,
neuropathy) and macrovascular (ischemic heart disease, stroke) diseases and moreover–
hyperglycemia may lead to atherosclerosis [6,7].

CVDs and chronic kidney disease (CKD) have similar risk factors and influence each
other by worsening the status of one other. Except for these shared risk factors, CKD is an
independent risk factor for CVDs [8].
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We need to search for new risk factors and pathophysiological changes to create new
strategies for preventing, diagnosing, and treating CVDs. In our work, we would like to
focus on molecular mechanisms between CVDs and their most important risk factors: DM
and dyslipidemia. The knowledge of those mechanisms allows for the appearance of new
strategies of treatment among patients with CVDs.

2. Dyslipidemia, Its Association with Cardiovascular Disease, and New Insights in
Treatment New Insights in Treatment of Dyslipidemia

Dyslipidemias are one of the most frequently diagnosed and managed medical condi-
tions. They are characterized by an elevated plasma concentration of total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), triglycerides (TGs), and a diminished level of
high-density lipoprotein cholesterol (HDL-C). The accurate values of lipid profile parame-
ters are determined based on cardiovascular risk. The classification of the cardiovascular
disease (CVD) risk group to which a patient belongs depends on systematic coronary risk
evaluation (SCORE) chart results and, among other factors, the presence of comorbidities,
such as diabetes mellitus (DM) and chronic kidney disease (CKD) [9].

The underlying causes of hyperlipidemia can be genetic, including familial chylomi-
cronemia syndrome (FCS), familial dysbetalipoproteinemia (FD), familial hypertriglyc-
eridemia (FHTG), homozygous familial hypercholesterolemia (HoFH), or autosomal re-
cessive hypercholesterolemia (ARH). Additionally, secondary causes of dyslipidemia en-
compass type 2 diabetes mellitus, obesity, chronic renal failure, cholestasis, or the use of
medications such as steroids, thiazide diuretics, and selected beta-adrenergic blockers [10].
Hyperlipidemia is a predominant contributor to morbidity and is strongly linked to an
increased risk of atherosclerotic cardiovascular disease (ASCVD) [11,12]. Elevated levels
of low-density lipoprotein (LDL) particles in the plasma, particularly those subjected to
oxidation, are captured by arterial wall macrophages, leading to the formation of foam
cells, which constitute the foundation of atherosclerotic plaques. Lp(a) lipoprotein particles,
structurally akin to LDL, also engage with macrophages, intensifying LDL oxidation. Oxi-
dized LDL particles initiate the inflammatory cascade, contributing to atherogenesis [13].
The rupture of resulting atherosclerotic plaques and subsequent vessel occlusion may
precipitate myocardial infarction, limb ischemia, or stroke. Hypertriglyceridemia is also a
significant risk factor for premature ASCVD and represents a pivotal role in atherogenic
dyslipidemia and arterial inflammation [13,14].

Numerous guidelines underscore the importance of a healthy diet and prudent lifestyle
practices for the primary prevention of dyslipidemia [15]. The main objective of prevention
efforts is to lower LDL-C levels according to the individual’s cardiovascular disease (CVD)
risk category [9]. The reduction in cholesterol levels correlates directly with a decrease in
ASCVD risk, with a 20% relative risk reduction for every 1 mmol/L reduction of LDL-C [16].

Currently, the basis of dyslipidemia management are statins, ezetimibe, proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors, and conventional lipid-lowering
therapies (LLT). Despite their pivotal role in ASCVD prevention, many patients fail to
attain their target lipid levels.

Due to its prevalence and the consequences of untreated, long-term dyslipidemia, this
area has been the subject of extensive research, particularly focusing on pharmacological
treatments and ASCVD prevention strategies. Many of these approaches hold the potential
to enhance outcomes in patients with dyslipidemia, reducing the long-term consequences
of the condition and the cardiovascular risk.

2.1. Alirocumab and Evolocumab

Alirocumab (Praluent) is a human immunoglobulin G1 monoclonal antibody [17]
that acts to decrease LDL levels by inhibiting PCSK9 [18], particularly in individuals
receiving statin therapy [19]. Through its interaction with hepatocyte receptors, alirocumab
enhances the uptake of plasma LDL-C by liver cells [20]. In addition to lowering LDL-C,
alirocumab also exhibits favorable effects on non-HDL-C, apolipoprotein B, apolipoprotein
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A, and lipoprotein A [17]. The study conducted by Huang AC et al. on rats demonstrated
that alirocumab decreases the levels of thiobarbituric acid reactive substances (TBARS),
which are oxidative stress markers while increasing the levels of glutathione peroxidase.
This suggests the involvement of alirocumab in reducing oxidative stress as [21]. Clinical
evidence indicates that alirocumab is associated with reduced cardiovascular events and
mortality, particularly in patients with recent acute coronary syndrome. Notably, larger
relative risk reductions were observed in patients with an estimated glomerular filtration
rate (eGFR) greater than 60 mL/min/1.73 m2 [22].

Evolocumab (Repatha®, Amgen, Thousand Oaks, CA, USA) is a human immunoglob-
ulin G2 monoclonal antibody that similarly inhibits PCSK9 and significantly lowers levels
of low-density lipoprotein (LDL) cholesterol [23,24], achieving reductions of up to 60% [23].
This medication is indicated for the treatment of mixed dyslipidemia, primary hypercholes-
terolemia, and HoFH, particularly in patients who are ineligible for statin therapy [25].
Evolocumab has demonstrated its efficacy in reducing cardiovascular risk [23,26–28] and
has a reduction effect on the regression of atherosclerotic plaque [27]. Concurrent use of
statin and evolocumab after a non-ST-segment elevation myocardial infarction leads to
stabilization and regression of atherosclerotic plaque in coronary vessels [29]. Evolocumab
achieves a similar effect in patients with well-controlled LDL-cholesterol levels with statins,
without inducing adverse effects [30].

2.2. Evinacumab

Angiopoietin-like protein 3 (ANGPTL3) plays a pivotal role in the regulation of lipid
metabolism through its inhibition of plasma lipases [31,32], which are responsible for
lipolysis of triglyceride-rich lipoproteins [33]. The inhibition of ANGPTL3’s action is as-
sociated with a reduction in lipid levels, consequently leading to a diminished risk of
ASCVD [34]. Evinacumab, a monoclonal antibody, is directed against ANGPTL3 [35]. It has
demonstrated its efficacy in reducing both LDL-C and TG levels [36,37]. Administered sub-
cutaneously at a weekly dose of 450 mg, evinacumab reduced LDL-C levels by 56% when
compared to standard treatment in patients with severe refractory hypercholesterolemia,
regardless of the presence of FH [37]. Furthermore, evinacumab exhibits a synergistic
lipid-lowering effect when used in conjunction with PCSK9 inhibitors and statins [38].
Ongoing research is currently investigating the potential of evinacumab in the treatment of
FCS and severe hypertriglyceridemia (HTG), with initial results appearing promising [39].

2.3. Bempedoic Acid

A new therapeutic approach for dyslipidemia includes bempedoic acid (8-hydroxy-
2,2,14,14-tetramethylpentadecanoic acid). It functions as a prodrug that intervenes in
cholesterol synthesis by disrupting the action of ATP-citrate lyase (ACLY) upstream of
3-hydroxy-3-methylglutaryl CoA reductase (HMGCR) in the liver [40]. Unlike statins,
bempedoic acid does not activate in skeletal muscle, potentially mitigating side effects
such as rhabdomyolysis [41]. This medication is indicated for adults with heterozygous
familial hypercholesterolemia (HeFH) or established ASCVD [42]. It can be administered
as a monotherapy or in conjunction with ezetimibe or PCSK9 inhibitors, yielding a more
significant reduction in LDL-C levels compared to the maximum dose of statins [13]. A
daily dosage of 180 mg of bempedoic acid reduces LDL-C levels by up to 20% [43], and
when combined with ezetimibe, it can achieve reductions of 38–50% [42,43]. Furthermore, it
has been demonstrated to lower TG levels, as well as levels of glucose and high-sensitivity
C-reactive protein (hs-CRP) [43,44]. It has been demonstrated that following 12 weeks of
bempedoic acid usage, the level of hsCRP, an established prognostic marker for future
CV events, decreased by 31.9% compared to the baseline value. Additionally, when
combined with ezetimibe at a fixed dose, a 35.1% reduction in hsCRP levels was also
observed after 12 weeks of therapy. These findings indicate that bempeidic acid may have
anti-inflammatory effects [43]. Ongoing research is currently investigating the impact of
bempedoic acid on cardiovascular morbidity and mortality [41].
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2.4. Icosapent Ethyl

In order to reduce the risk of cardiovascular events, such as myocardial infarction or
stroke, among patients at a high risk of such events with elevated fasting triglyceride (TG)
levels (>1.7 mmol/L) who are concurrently taking statins, the most recent guidelines from
the National Institute for Health and Care Excellence (NICE) recommend the use of icos-
apent ethyl (Vazkepa) [45]. As a measure for secondary prevention, this drug is for patients
with established cardiovascular disease (CVD) and LDL-C levels exceeding 1.04 mmol/L
but not exceeding 2.60 mmol/L. Moreover, in the context of primary prevention, Vazkepa
is recommended for individuals afflicted with DM and who possess at least one additional
cardiovascular risk factor [45].

The mode of action of Vazkepa encompasses various critical facets, including the
augmentation of fatty acid beta-oxidation, resulting in the reduction in very low-density
lipoprotein (VLDL) synthesis. Furthermore, it enhances lipoprotein lipase (LPL) activity,
inhibits apolipoprotein C3 (apoC3), activates peroxisome proliferator-activated receptors
(PPARs), hepatic lipase (HL), and cholesterol ester transfer protein (CETP). Beyond its
influence on hepatic lipogenesis, Vazkepa also exerts anti-inflammatory and antioxidant
effects. These collective actions culminate in the potential to reduce the deposition of fatty
deposits in the blood vessels, thereby preventing their blockage [46]. The main effects of
Vazkepa are shown in the Figure 1.
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2.5. SiRNA Therapy

The current LDL-lowering effect of statins turns out to be insufficient. Inhibition
of PCSK9 has been proven to enhance this effect by intracellular degradation of LDL
cholesterol receptors and thus reduce their recycling and expression on the hepatocyte
membrane [47]. However, it is still too weak for many patients, and they also complain
about many side effects [48]. A promising new therapeutic approach is based on small
interfering RNAs [49]. siRNA is a small double-stranded RNA that works by dividing into
single strands and binding to their distinct messenger RNA (mRNA) target sequences. As
a result, the target mRNA breaks and is degraded, which additionally stops translation
and induces gene suppression by short RNA strands. This is also called RNA interference
(RNAi) [50–52]. As a result, it causes increased recycling of hepatocytes and membrane
expression of LDL receptors, and a reduced level of LDL-C [53].

Therefore, siRNA technology is associated with an improvement in the lipid profile,
thereby contributing to a reduction in the incidence of serious adverse cardiac events and
hospitalizations due to heart failure and strokes compared to placebo [54]. It is worth
mentioning a few other positive features of this technology: potential inhibitory effect on
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the expression of an unlimited number of genes, high selectivity, and reversibility (siRNA
does not lead to permanent modification of the genome), and may become cheaper to
produce [55].

Four agents are currently approved by the FDA: patisiran, givosiran, lumasiran, and
inclisiran. They are particularly recommended for the treatment of adult patients with
hereditary transthyretin amyloidosis (hATTR), acute hepatic porphyria (AHP), primary
hyperoxaluria type 1 (PH1), and for lowering LDL-C in patients with heterozygous fa-
milial hypercholesterolaemia (HeFH) or clinical atherosclerotic cardiovascular disease
(ASCVD) [56].

Patients with familial hypercholesterolemia (FH) have high cholesterol levels in their
blood from birth, increasing their risk of atherosclerosis in the heart, brain, and peripheral
arteries, and a significantly higher risk of cardiovascular events and death [57]. The Dutch
Lipid Clinic Diagnostic Criteria (DLCN) ≥ 6 points (diagnosis of definite or probable FH)
and DLCN < 3 points (diagnosis of unlikely FH) are effective in predicting these events [58].
Inclisiran reduces LDL-C levels by over 50% with one dose every 6 months [59].

The results obtained so far from the ORION (A Randomized Trial Assessing the Effects
of Inclisiran on Clinical Outcomes Among People with Cardiovascular Disease) study
confirmed that inclisiran effectively reduced LDL-C in patients despite maximally tolerated
statin therapy (± ezetimibe) in various clinical conditions [60]. The ORION-3 trial reported
that long-term exposure to inclisiran (up to 5 years) as well as switching from evolocumab
to inclisiran are both safe and effective in achieving and maintaining LDL-C reduction [61].

In general, inclisiran has been well-tolerated with mild and transient injection-site
reactions being the primary side effect. Its impact on reducing cardiovascular events is
still under investigation, with some positive results in composite major adverse cardiovas-
cular events (MACE). However, more extensive trials like ORION-4 and VICTORION-2
PREVENT will provide a clearer picture of its long-term safety and efficacy [62,63].

2.6. Other Therapy Solutions

Aptamers (oligonucleotides or peptides that bind specifically to a specific molecule)
represent a promising solution for the purpose of measuring LDL concentration in blood.
Aptamers show affinity and specificity similar to monoclonal antibodies. Moreover, they
are non-immunogenic and have high tissue penetration, similar to small molecules [64].
The aptamers and their corresponding antisense strands demonstrate sufficient affinity and
specificity for LDL particles to be used in a simple, clinically relevant diagnostic test to
measure LDL-P in a cheap and rapid manner [65]. They may be an attractive alternative
to antibodies for analytical applications (they are well known for troponin I, troponin
T, myoglobin, and C-reactive protein), but so far they are not widely used in practice in
diagnostics and medical research [66]. Current research on aptamers in the diagnosis of
cardiovascular diseases focuses on their potential use in point-of-care imaging tests and a
wider range of laboratory tests [67].

Another interesting drug is pelacarsen—an antisense oligonucleotide directed to
the liver, which strongly reduces the level of lipoprotein(a) [Lp(a)]. Lp[a] is strongly
associated with atherosclerotic disease and aortic stenosis. Lp(a) forms by bonding between
apolipoprotein(a) (apo[a]) and apo B100 [68]. In the HORIZON trial, in which a monthly
dose of 80 mg was administered to healthy Japanese subjects, a strong reduction in plasma
Lp(a) concentration was observed [69].

Another new drug that lowers Lp(a) levels is muvalaplin. It is an oral drug that inhibits
Lp(a) formation by blocking the apo(a)-apo B100 interaction, avoiding interaction with
the homologous protein, plasminogen. When administered daily to patients for 14 days, it
reduced Lp(a) levels by up to 65% [70].

3. The Association between Cardiovascular Disease and Diabetes

Cardiovascular disease (CVD) remains the leading cause of death in patients with type
2 diabetes, while diabetes is one of the fastest growing diseases worldwide, which might
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significantly affect the overall quality of life [7,71]. Cardiovascular morbidity and mortality
in patients with diabetes are too high to be fully explained by traditional cardiovascular
risk factors (like smoking, hypertension, dyslipidemia) [72,73].

Diabetes complications are typically divided into macrovascular (cardiovascular dis-
ease) and microvascular (diabetic retinopathy, neuropathy, and diabetic kidney disease) and
this classification is presented in Figure 2 [7]. The evidence has shown that microvascular
disease in diabetes can predict atherosclerotic CVD, including stroke and myocardial in-
farction [74,75]. Indeed, mechanistic studies suggest that microvascular and macrovascular
complications of diabetes may share common molecular pathways, such as increased ox-
idative stress, interrupted protein kinase C signaling, accumulation of advanced glycation
end products (AGEs) in vessel walls, and endothelial dysfunction, which might all lead to
vascular inflammation, vasoconstriction, thrombosis and atherosclerosis [76,77].
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Advanced glycation end products are modifications of proteins, lipids, or nucleic acids
that undergo non-enzymatic glycation and oxidation following exposure to aldoses [78].
AGEs can fluoresce, generate reactive oxygen species (ROS) and bind specific cell surface
receptors [76]. Interaction of AGEs with their major cellular receptor—receptor for ad-
vanced glycation end products (RAGE), activates multiple signaling pathways, such as
tumor growth factor beta (TGF-β), the c-Jun N-terminal kinase (JNK), mitogen-activated
protein kinase/extracellular signal-regulated kinases (MAPK/ERK), and nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB), leading to increased oxidative
stress and inflammation [78]. The hyperglycemic environment is a vital factor in the process
of formation of AGEs, which further contribute to the pathophysiology of diabetic vascular
disease during aging. AGEs could accumulate in blood vessel walls, resulting in damage
to cell structure and function [76,79].

Although intensive treatment of diabetes reduces the risk of major macrovascular
and microvascular events by ≥10%, clinical risk factors and glycemic control alone do not
predict the development of vascular complications; many genetic studies have shown that
diabetes and its complications have a strong genetic component as well [7,76].
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4. The Role of SGLT-2 Inhibitors and GLP-1 Receptor Agonists in Diabetes and
Cardiovascular Disease
4.1. Sodium-Glucose Co-Transporter-2 (SGLT-2) Inhibitors

Sodium-glucose co-transporter-2 (SGLT-2) inhibitors were initially created to lower
glucose levels in patients with diabetes, however, it has been found that they may provide
additional benefits such as decreasing blood pressure [80]. Moreover, clinical trial data
demonstrate that these medications can protect against cardiovascular disease, particularly
by lowering the risk of hospitalization due to heart failure in patients with both reduced
and preserved ejection fraction [80,81]. These positive effects were observed in patients
with or even without diabetes diagnosis [82].

The main representatives of oral SGLT-2 inhibitors include empagliflozin and da-
pagliflozin [83]. Their mechanism of action relies on lowering glucose reabsorption in
the proximal tubule by 50–60%, which results in increased excretion of glucose in the
urine and reduced plasma glucose level [84]. Nonetheless, SGLT-2 inhibitors have the
potential to reduce the risk of CVD through multiple diverse and complex processes. These
drugs can reduce adipose tissue-mediated inflammation and inhibit the production of
pro-inflammatory cytokines, leading to beneficial anti-inflammatory effects. Furthermore,
SGLT-s inhibitors are involved in lowering oxidative stress, inhibiting advanced glycation
end products (AGEs) signaling and decreasing serum uric acid levels. Due to increased
early natriuresis and hence, decreased plasma volume, these molecules contribute to lower
blood pressure and improved vascular function [82].

4.2. Glucagon-like Peptide-1 (GLP-1) Receptor Agonists

Glucagon-like peptide-1 (GLP-1) receptor agonists present a hypoglycemic activity
due to the incretin effect, which causes increased meal-induced insulin secretion in com-
parison to parental glucose intake [85]. These drugs mimic the action of Glucagon-like
peptide-1 (GLP-1)—an incretin hormone released from pancreatic beta cells as a response
to a meal [86]. Activation of GLP-1 receptor not only improves glucose tolerance but
could also protect pancreatic islet ß cells and stimulate their proliferation, present anti-
inflammatory and cardioprotective function, control lipid metabolism, and support the
growth of nerves [87]. Additional biological actions of GLP-1 agonists include appetite
suppression and delayed stomach emptying, which may result in loss of weight [88].

All of the abovementioned effects are very beneficial for patients with type 2 diabetes,
but they might be favorable for the general population as well. Liraglutide, semaglutide,
and albiglutide are the representatives of GLP-1 agonists which have presented the ability to
reduce the risk of major adverse cardiac events (MACE) in many studies [88–91]. Decreased
cardiovascular risk significantly contributes improved glucose and lipid metabolic profile,
cardioprotective function, lower body weight, and decreased blood pressure [92].

5. The Emerging Significance of VCP/p97 in Cardiovascular Ailments: Fresh Insights
and Therapeutic Prospects
5.1. VCP/p97′s Involvement in Cardiovascular Conditions

VCP/p97 is the ATPase valosin-containing protein. Disrupted protein equilibrium is a
hallmark of diverse cardiovascular afflictions [93], encompassing myocardial infarctions,
heart failures, and diabetic cardiomyopathies. VCP/p97 is believed to play a pivotal role in
maintaining protein balance within the cardiovascular system.

For instance, transgenic mice expressing VCP/p97 K524A exhibit cardiomyopathy
marked by the accumulation of ubiquitinated proteins [94]. Moreover, VCP/p97 assumes a
critical role in bolstering cardiomyocyte survival, which, in turn, underpins the preservation
of mitochondrial function [95].

5.2. VCP/p97 and Ischemia/Reperfusion-Induced Damage

Ischemia-reperfusion denotes a pathological state characterized by an initial restriction
of blood supply to a portion of the myocardium followed by the restoration of blood flow
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during the reperfusion phase [96]. Consequently, ischemia and reperfusion collectively
induce damage to myocardial tissue [97,98]. Employing ischemic preconditioning for is-
chemic myocardium effectively mitigates the harm incurred during ischemia/reperfusion
events [99]. Endogenous nitric oxide (NO) synthesized in the myocardium regulates my-
ocardial contraction and vascular vasodilation, thereby reducing the size of myocardial
infarctions and enhancing endothelial function [100]. Inducible NO synthase (iNOS) is
primarily responsible for NO production [52], conferring a significant role upon iNOS in
ischemic preconditioning [101]. VCP/p97 plays a protective role in ischemia/reperfusion
injuries, as evidenced by a 50% reduction in myocardial infarction size in VCP/p97 trans-
genic mice compared to their wild-type counterparts following ischemia/reperfusion
events [102]. Additionally, overexpression of VCP/p97 in cardiomyocytes diminishes
celastrol-induced myocardial apoptosis [103]. Further mechanistic investigations reveal
that VCP/p97 enhances NO production through iNOS, as depicted in Figure 3.
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kappa B. STAT3—signal transducer and activator of transcription 3.

VCP/p97 stimulates iNOS expression in a concentration-dependent manner, with
NF-kB playing a pivotal role in this process, as indicated in Figure 2. The proteolytic effects
of VCP overexpression can be nullified by the addition of the NF-kB inhibitor, SN50 [103].

Current research posits that VCP/p97 could emerge as a promising therapeutic tar-
get for ischemia-reperfusion injuries and pressure overload-induced cardiac hypertrophy,
though there are dissenting perspectives that need further exploration. Extensive investiga-
tion is warranted to ascertain whether VCP/p97 possesses broader myocardial protective
properties. Moreover, elucidating VCP/p97’s role in safeguarding against non-ischemic
heart conditions, including diabetic cardiomyopathies and idiopathic dilated cardiomy-
opathies, is imperative. Furthermore, numerous cardiovascular ailments stemming from
pressure overload, such as pathological cardiac hypertrophy, result in disturbances in
protein homeostasis [104]. Hence, it is imperative to probe into the mechanisms through
which VCP/p97 upholds protein equilibrium within the myocardium.

6. Fresh Insights and Novel Perspectives on Exosomes in Cardiovascular Disorders
6.1. Exosomes as Diagnostic Tools in Cardiovascular Ailments

Given that cardiovascular diseases (CVDs) can induce pathological alterations in
cardiac tissue, Sluijter et al. [105] have proposed that exosomes derived from various
sources might serve as valuable biomarkers for diagnosing diverse CVDs. Exosomes,
which carry a cargo determined by the cell types and conditions of their origin (e.g.,
miRNAs, proteins, lncRNAs), are produced abundantly by a variety of cells and actively
participate in a wide array of cardiovascular processes, both normal and pathological [106].
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There is strong evidence indicating a link between exosomes and heart muscle is-
chemia. Exosomes, which are small particles released by cells, seem to be connected to
the extent of heart muscle damage. In situations where there is low oxygen (hypoxia)
or reduced blood flow (ischemia) in the heart, cells release a large number of exosomes
carrying specific genetic material called miRNAs into the bloodstream. This process results
in higher levels of exosomes in patients with cardiovascular disease (CVD) and those who
have experienced a heart attack (acute myocardial infarction, AMI) [105]. For example, one
study found significantly heightened levels of circulating exosomal miR-133a, primarily
originating from infarcted and peri-infarcted myocardium, in acute coronary syndrome
patients. Furthermore, serum miR-133a levels surged within two hours of chest pain onset,
preceding the elevation of creatine kinase and troponin levels [107–109].

Hence, both the quantity and composition of exosomes are regarded as early and
disease-specific indicators for CVDs [110]. The analysis of exosomal contents is critical for
clinicians to swiftly diagnose, identify, and manage diseases while improving prognostic
outcomes. Beyond their capacity to mirror physiological and pathological changes within
cardiac tissue [111,112], exosomes possess the ability to safeguard their molecular contents
(e.g., miRNAs, proteins, lncRNAs) from RNases, enhancing the feasibility and accuracy
of diagnostics. For example, numerous circulating miRNAs, including miR92a/b, miR1,
miR499, miR133, and miR122, exhibit overexpression in CVD patients [113,114]. However,
miRNAs or lncRNAs on their own are not stable in circulation and are susceptible to
enzymatic degradation. Therefore, comprehensive genomics or proteomics analyses of
exosome profiles could offer greater accuracy. Moreover, exosomes are easily obtainable
from a variety of bodily fluids, including blood, urine, plasma, and semen, making their use
in current clinical practice feasible [115]. In summary, exosomes offer distinct advantages
as diagnostic tools for CVDs.

6.2. Exosomes as Therapeutics in Cardiovascular Ailments

Apart from their ability to diagnose diseases, exosomes can also aid in repairing cardiac
tissues by influencing cellular processes, both normal and disease-related. Current medical
approaches often struggle to repair the loss of heart muscle cells following a heart attack.
Scientists are now concentrating on creating therapies centered around cells to encourage
the growth and reactivation of these heart muscle cells, known as cardiomyocytes [116].

Nonetheless, limitations such as low transplant cell survival rates, limited capacity
for differentiation into functional cardiomyocytes, immune rejection, and other factors
hinder the clinical application of stem cell therapy [117]. Mounting evidence suggests
that exosomes derived from stem cells can play a pivotal role in cardiac repair. Studies
have demonstrated that stem cells confer cardioprotection through autocrine and paracrine
mechanisms. Given the diverse contents of exosomes, including enriched miRNAs, growth
factors, lipids, and proteins, they can facilitate on-site cardiomyocyte proliferation and
activation, leading to the regeneration of infarcted tissue [118,119].

Furthermore, exosomes exhibit the ability to evade phagocytosis and lysosomal en-
gulfment while eliciting minimal immune responses, thus enhancing their therapeutic
efficacy [120,121]. Exosomes sourced from various cell types have shown comparable levels
of cardioprotection to their parent cells in preclinical experiments [122,123]. Exosomes
employed in CVD treatment can be categorized based on their cellular origins, including
cardiac resident cells and stem cells.

7. Conclusions

Nowadays, CVDs are one of the common causes of death worldwide so we need to
treat them effectively to prevent their complications. There are multiple researches which
describe new targets of treatment.

The need to search for new strategies in dyslipidemia’s treatment appeared because
many patients fail to attain their target lipid levels. Alirocumab and evolocumab are human
immunoglobulins monoclonal antibodies that similarly inhibit PCSK9 and significantly
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lower levels of low-density lipoprotein (LDL) cholesterol even up to 60%. Bempedoic acid
can be administered as a monotherapy or in conjunction with ezetimibe or PCSK9 inhibitors,
yielding a more significant reduction in LDL-C levels compared to the maximum dose of
statins. A promising new therapeutic approach is based on small interfering RNAs, mainly
inclisiran. New molecules for the treatment of dyslipidemia will certainly be created, but it
is worth mentioning that due to their cost, these are not yet common therapies available
to patients.

In diabetes mellitus treatment, there are medicines which focus on sodium-glucose
co-transporter-2 and glucagon-like peptide-1. SGLT-s inhibitors are involved in lowering
oxidative stress, inhibiting advanced glycation end products (AGEs) signaling, and de-
creasing serum uric acid levels. Due to increased early natriuresis and hence, decreased
plasma volume, these molecules contribute to lower blood pressure and improved vascular
function. GLP-1 receptor agonists decrease cardiovascular risk significantly by contributing
to improved glucose and lipid metabolic profile, cardioprotective function, lower body
weight, and decreased blood pressure.

There are other molecular mechanisms important in the development of CVDs such as
exosomes which are considered early and disease-specific biomarkers for CVDs however
they need to be further researched.
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Addition to a Cholesterol-Lowering Therapy. Int. J. Mol. Sci. 2023, 24, 6858. [CrossRef]

55. Ranasinghe, P.; Addison, M.L.; Dear, J.W.; Webb, D.J. Small interfering RNA: Discovery, pharmacology and clinical development—
An introductory review. Br. J. Pharmacol. 2022, 180, 2697–2720. [CrossRef] [PubMed]

56. Padda, I.S.; Mahtani, A.U.; Parmar, M. Small Interfering RNA (siRNA) Therapy. 3 June 2023. In StatPearls [Internet]; StatPearls
Publishing: Treasure Island, FL, USA, January 2023.

57. Feingold, K.R. Lipoprotein Apheresis. 2023 Feb 19. In Endotext [Internet]; Feingold, K.R., Anawalt, B., Blackman, M.R., Boyce,
A., Chrousos, G., Corpas, E., de Herder, W.W., Dhatariya, K., Dungan, K., Hofland, J., et al., Eds.; MDText.com, Inc.: South
Dartmouth, MA, USA, 2000.

58. Yu, Y.; Chen, L.; Zhang, H.; Fu, Z.; Liu, Q.; Zhao, H.; Liu, Y.; Chen, Y. Association Between Familial Hypercholesterolemia and
Risk of Cardiovascular Events and Death in Different Cohorts: A Meta-Analysis of 1.1 Million Subjects. Front. Cardiovasc. Med.
2022, 9, 860196. [CrossRef] [PubMed]

59. Enas, E.A.; Kuruvila, A.; Khanna, P.; Pitchumoni, C.S.; Mohan, V. Benefits & risks of statin therapy for primary prevention of
cardiovascular disease in Asian Indians—A population with the highest risk of premature coronary artery disease & diabetes.
Indian J. Med. Res. 2013, 138, 461–491. [PubMed]
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H.Z.; et al. Type-2 diabetes mellitus and cardiovascular disease. Futur. Cardiol. 2018, 14, 491–509. [CrossRef]

77. Goldin, A.; Beckman, J.A.; Schmidt, A.M.; Creager, M.A. Advanced Glycation End Products: Sparking the Development of
Diabetic Vascular Injury. Circulation 2006, 114, 597–605. [CrossRef] [PubMed]

78. Khalid, M.; Petroianu, G.; Adem, A. Advanced Glycation End Products and Diabetes Mellitus: Mechanisms and Perspectives.
Biomolecules 2022, 12, 542. [CrossRef] [PubMed]

79. Perrone, A.; Giovino, A.; Benny, J.; Martinelli, F. Advanced Glycation End Products (AGEs): Biochemistry, Signaling, Analytical
Methods, and Epigenetic Effects. Oxidative Med. Cell. Longev. 2020, 2020, 3818196. [CrossRef] [PubMed]

80. Brown, E.; Heerspink, H.J.L.; Cuthbertson, D.J.; Wilding, J.P.H. SGLT2 inhibitors and GLP-1 receptor agonists: Established and
emerging indications. Lancet 2021, 398, 262–276. [CrossRef] [PubMed]

81. van der Aart-van der Beek, A.B.; de Boer, R.A.; Heerspink, H.J.L. Kidney and heart failure outcomes associated with SGLT2
inhibitor use. Nat. Rev. Nephrol. 2022, 18, 294–306. [CrossRef]

82. Cowie, M.R.; Fisher, M. SGLT2 inhibitors: Mechanisms of cardiovascular benefit beyond glycaemic control. Nat. Rev. Cardiol.
2020, 17, 761–772. [CrossRef]

83. Thorvaldsen, T.; Ferrannini, G.; Mellbin, L.; Benson, L.; Cosentino, F.; Mcmurray, J.J.; Dahlström, U.; Lund, L.H.; Savarese, G.
Eligibility for Dapagliflozin and Empagliflozin in a Real-world Heart Failure Population. J. Card. Fail. 2022, 28, 1050–1062.
[CrossRef]

84. Wright, E.M. SGLT2 Inhibitors: Physiology and Pharmacology. Kidney360 2021, 2, 2027–2037. [CrossRef]
85. Nauck, M.A.; Quast, D.R.; Wefers, J.; Pfeiffer, A.F.H. The evolving story of incretins (GIP and GLP-1) in metabolic and cardiovas-

cular disease: A pathophysiological update. Diabetes, Obes. Metab. 2021, 23, 5–29. [CrossRef] [PubMed]
86. Nauck, M.A.; Meier, J.J. Incretin hormones: Their role in health and disease. Diabetes Obes. Metab. 2018, 20 (Suppl. S1), 5–21.

[CrossRef] [PubMed]
87. Zhao, X.; Wang, M.; Wen, Z.; Lu, Z.; Cui, L.; Fu, C.; Xue, H.; Liu, Y.; Zhang, Y. GLP-1 Receptor Agonists: Beyond Their Pancreatic

Effects. Front. Endocrinol. 2021, 12, 721135. [CrossRef] [PubMed]

https://doi.org/10.1016/S2213-8587(22)00353-9
https://doi.org/10.1093/eurheartj/ehac594
https://doi.org/10.3390/ph16040577
https://doi.org/10.32607/20758251-2013-5-4-34-43
https://doi.org/10.1371/journal.pone.0205460
https://www.ncbi.nlm.nih.gov/pubmed/30307996
https://doi.org/10.3390/biomedicines10051085
https://www.ncbi.nlm.nih.gov/pubmed/35625822
https://doi.org/10.1093/eurheartj/ehac463
https://www.ncbi.nlm.nih.gov/pubmed/36106499
https://doi.org/10.1093/eurheartj/ehac361
https://www.ncbi.nlm.nih.gov/pubmed/36036785
https://doi.org/10.1016/j.jacl.2022.12.001
https://www.ncbi.nlm.nih.gov/pubmed/36529659
https://doi.org/10.1001/jama.2023.16503
https://doi.org/10.1161/CIR.0000000000000757
https://www.ncbi.nlm.nih.gov/pubmed/31992061
https://doi.org/10.1016/j.diabres.2021.108859
https://doi.org/10.1016/j.cjca.2021.02.009
https://doi.org/10.2337/dc07-0264
https://doi.org/10.1016/j.jacc.2019.03.002
https://www.ncbi.nlm.nih.gov/pubmed/30885684
https://doi.org/10.2217/fca-2018-0045
https://doi.org/10.1161/CIRCULATIONAHA.106.621854
https://www.ncbi.nlm.nih.gov/pubmed/16894049
https://doi.org/10.3390/biom12040542
https://www.ncbi.nlm.nih.gov/pubmed/35454131
https://doi.org/10.1155/2020/3818196
https://www.ncbi.nlm.nih.gov/pubmed/32256950
https://doi.org/10.1016/S0140-6736(21)00536-5
https://www.ncbi.nlm.nih.gov/pubmed/34216571
https://doi.org/10.1038/s41581-022-00535-6
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1016/j.cardfail.2022.04.011
https://doi.org/10.34067/KID.0002772021
https://doi.org/10.1111/dom.14496
https://www.ncbi.nlm.nih.gov/pubmed/34310013
https://doi.org/10.1111/dom.13129
https://www.ncbi.nlm.nih.gov/pubmed/29364588
https://doi.org/10.3389/fendo.2021.721135
https://www.ncbi.nlm.nih.gov/pubmed/34497589


Int. J. Mol. Sci. 2023, 24, 16735 14 of 15

88. Andrikou, E.; Tsioufis, C.; Andrikou, I.; Leontsinis, I.; Tousoulis, D.; Papanas, N. GLP-1 receptor agonists and cardiovascular
outcome trials: An update. Hell. J. Cardiol. 2019, 60, 347–351. [CrossRef] [PubMed]

89. Hernandez, A.F.; Green, J.B.; Janmohamed, S.; D’Agostino, R.B.; Granger, C.B.; Jones, N.P.; Leiter, L.A.; Rosenberg, A.E.; Sigmon,
K.N.; Somerville, M.C.; et al. Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease
(Harmony Outcomes): A double-blind, randomised placebo-controlled trial. Lancet 2018, 392, 1519–1529. [CrossRef] [PubMed]

90. Marso, S.P.; Bain, S.C.; Consoli, A.; Eliaschewitz, F.G.; Jódar, E.; Leiter, L.A.; Lingvay, I.; Rosenstock, J.; Seufert, J.; Warren,
M.L.; et al. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N. Engl. J. Med. 2016, 375, 1834–1844.
[CrossRef] [PubMed]

91. Marso, S.P.; Daniels, G.H.; Brown-Frandsen, K.; Kristensen, P.; Mann, J.F.E.; Nauck, M.A.; Nissen, S.E.; Pocock, S.; Poulter, N.R.;
Ravn, L.S.; et al. Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2016, 375, 311–322. [CrossRef]

92. Pedrosa, M.R.; Franco, D.R.; Gieremek, H.W.; Vidal, C.M.; Bronzeri, F.; Rocha, A.d.C.; Cara, L.G.d.C.; Fogo, S.L.; Eliaschewitz, F.G.
GLP-1 Agonist to Treat Obesity and Prevent Cardiovascular Disease: What Have We Achieved so Far? Curr. Atheroscler. Rep.
2022, 24, 867–884. [CrossRef]

93. Gouveia, M.; Xia, K.; Colón, W.; Vieira, S.I.; Ribeiro, F. Protein aggregation, cardiovascular diseases, and exercise training: Where
do we stand? Ageing Res. Rev. 2017, 40, 1–10. [CrossRef]

94. Brody, M.J.; Vanhoutte, D.; Bakshi, C.V.; Liu, R.; Correll, R.N.; Sargent, M.A.; Molkentin, J.D. Disruption of valosin-containing
protein activity causes cardiomyopathy and reveals pleiotropic functions in cardiac homeostasis. J. Biol. Chem. 2019, 294,
8918–8929. [CrossRef]

95. Sun, X.; Qiu, H. Valosin-Containing Protein, a Calcium-Associated ATPase Protein, in Endoplasmic Reticulum and Mitochondrial
Function and Its Implications for Diseases. Int. J. Mol. Sci. 2020, 21, 3842. [CrossRef] [PubMed]

96. Lejay, A.; Fang, F.; John, R.; Van, J.A.D.; Barr, M.; Thaveau, F.; Chakfe, N.; Geny, B.; Scholey, J.W. Ischemia reperfusion injury,
ischemic conditioning and diabetes mellitus. J. Mol. Cell. Cardiol. 2015, 91, 11–22. [CrossRef]

97. Hausenloy, D.J.; Yellon, D.M. Myocardial ischemia-reperfusion injury: A neglected therapeutic target. J. Clin. Investig. 2013, 123,
92–100. [CrossRef]

98. Eltzschig, H.K.; Eckle, T. Primary cilia can both mediate and suppress Hedgehog pathway-dependent tumorigenesis. Nat. Med.
2009, 15, 1055–1061. [CrossRef]

99. Donato, M.; Evelson, P.; Gelpi, R.J. Protecting the heart from ischemia/reperfusion injury. Curr. Opin. Cardiol. 2017, 32, 784–790.
[CrossRef]

100. Bolli, R. Cardioprotective Function of Inducible Nitric Oxide Synthase and Role of Nitric Oxide in Myocardial Ischemia and
Preconditioning: An Overview of a Decade of Research. J. Mol. Cell. Cardiol. 2001, 33, 1897–1918. [CrossRef] [PubMed]

101. Yu, X.; Ge, L.; Niu, L.; Lian, X.; Ma, H.; Pang, L. The Dual Role of Inducible Nitric Oxide Synthase in Myocardial Is-
chemia/Reperfusion Injury: Friend or Foe? Oxidative Med. Cell. Longev. 2018, 2018, 1–7. [CrossRef]

102. Lizano, P.; Rashed, E.; Stoll, S.; Zhou, N.; Wen, H.; Hays, T.T.; Qin, G.; Xie, L.-H.; Depre, C.; Qiu, H. The valosin-containing protein
is a novel mediator of mitochondrial respiration and cell survival in the heart in vivo. Sci. Rep. 2017, 7, 46324. [CrossRef]

103. Lizano, P.; Rashed, E.; Kang, H.; Dai, H.; Sui, X.; Yan, L.; Qiu, H.; Depre, C. The valosin-containing protein promotes cardiac
survival through the inducible isoform of nitric oxide synthase. Cardiovasc. Res. 2013, 99, 685–693. [CrossRef]

104. Mailleux, F.; Beauloye, C.; Balligand, J.-L.; Horman, S.; Bertrand, L. Studying the role of AMPK in cardiac hypertrophy and
protein synthesis. Methods Mol. Biol. 2018, 1732, 321–342. [CrossRef]

105. Sluijter, J.P.G.; Davidson, S.M.; Boulanger, C.M.; Buzás, E.I.; De Kleijn, D.P.V.; Engel, F.B.; Giricz, Z.; Hausenloy, D.J.; Kishore, R.;
Lecour, S.; et al. Extracellular vesicles in diagnostics and therapy of the ischaemic heart: Position Paper from the Working Group
on Cellular Biology of the Heart of the European Society of Cardiology. Cardiovasc. Res. 2018, 114, 19–34. [CrossRef]

106. Lawson, C.; Vicencio, J.M.; Yellon, D.M.; Davidson, S.M. Microvesicles and exo somes: New players in metabolic and cardiovas-
cular disease. J. Endocrinol. 2016, 228, R57–R71. [CrossRef] [PubMed]

107. Kuwabara, Y.; Ono, K.; Horie, T.; Nishi, H.; Nagao, K.; Kinoshita, M.; Watanabe, S.; Baba, O.; Kojima, Y.; Shizuta, S.; et al. Increased
MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients with Cardiovascular Disease Indicate Myocardial Damage. Circ.
Cardiovasc. Genet. 2011, 4, 446–454. [CrossRef] [PubMed]

108. Cheow, E.S.H.; Cheng, W.C.; Lee, C.N.; de Kleijn, D.; Sorokin, V.; Sze, S.K. Plasma-derived Extracellular Vesicles Contain
Predictive Biomarkers and Potential Therapeutic Targets for Myocardial Ischemic (MI) Injury. Mol. Cell. Proteom. 2016, 15,
2628–2640. [CrossRef] [PubMed]

109. Vegter, E.L.; van der Meer, P.; de Windt, L.J.; Pinto, Y.M.; Voors, A.A. MicroRNAs in heart failure: From biomarker to target for
therapy. Eur. J. Heart Fail. 2016, 18, 457–468. [CrossRef] [PubMed]

110. Fleissner, F.; Goerzig, Y.; Haverich, A.; Thum, T. Microvesicles as novel bio markers and therapeutic targets in transplantation
medicine. Am. J. Transplant. 2012, 12, 289–297. [CrossRef] [PubMed]

111. Tian, C.; Gao, L.; Zimmerman, M.C.; Zucker, I.H. Myocardial infarc tion-induced microRNA-enriched exosomes contribute to
cardiac Nrf2 dysregulation in chronic heart failure. Am. J. Physiol. Heart Circ. Physiol. 2018, 314, 928–939. [CrossRef] [PubMed]

112. Gupta, S.; Knowlton, A.A. HSP60 trafficking in adult cardiac myocytes: Role of the exosomal pathway. Am. J. Physiol. Heart Circ.
Physiol. 2007, 292, H3052–H3056. [CrossRef]

113. Goren, Y.; Kushnir, M.; Zafrir, B.; Tabak, S.; Lewis, B.S.; Amir, O. Serum levels of microRNAs in patients with heart failure. Eur. J.
Heart Fail. 2012, 14, 147–154. [CrossRef]

https://doi.org/10.1016/j.hjc.2018.11.008
https://www.ncbi.nlm.nih.gov/pubmed/30528435
https://doi.org/10.1016/S0140-6736(18)32261-X
https://www.ncbi.nlm.nih.gov/pubmed/30291013
https://doi.org/10.1056/NEJMoa1607141
https://www.ncbi.nlm.nih.gov/pubmed/27633186
https://doi.org/10.1056/NEJMoa1603827
https://doi.org/10.1007/s11883-022-01062-2
https://doi.org/10.1016/j.arr.2017.07.005
https://doi.org/10.1074/jbc.RA119.007585
https://doi.org/10.3390/ijms21113842
https://www.ncbi.nlm.nih.gov/pubmed/32481679
https://doi.org/10.1016/j.yjmcc.2015.12.020
https://doi.org/10.1172/JCI62874
https://doi.org/10.1038/nm.2011
https://doi.org/10.1097/HCO.0000000000000447
https://doi.org/10.1006/jmcc.2001.1462
https://www.ncbi.nlm.nih.gov/pubmed/11708836
https://doi.org/10.1155/2018/8364848
https://doi.org/10.1038/srep46324
https://doi.org/10.1093/cvr/cvt136
https://doi.org/10.1007/978-1-4939-7598-3_21
https://doi.org/10.1093/cvr/cvx211
https://doi.org/10.1530/JOE-15-0201
https://www.ncbi.nlm.nih.gov/pubmed/26743452
https://doi.org/10.1161/CIRCGENETICS.110.958975
https://www.ncbi.nlm.nih.gov/pubmed/21642241
https://doi.org/10.1074/mcp.M115.055731
https://www.ncbi.nlm.nih.gov/pubmed/27234505
https://doi.org/10.1002/ejhf.495
https://www.ncbi.nlm.nih.gov/pubmed/26869172
https://doi.org/10.1111/j.1600-6143.2011.03790.x
https://www.ncbi.nlm.nih.gov/pubmed/22082333
https://doi.org/10.1152/ajpheart.00602.2017
https://www.ncbi.nlm.nih.gov/pubmed/29373037
https://doi.org/10.1152/ajpheart.01355.2006
https://doi.org/10.1093/eurjhf/hfr155


Int. J. Mol. Sci. 2023, 24, 16735 15 of 15

114. Creemers, E.E.; Tijsen, A.J.; Pinto, Y.M. Circulating microRNAs: Novel biomarkers and extracellular communicators in cardiovas-
cular disease? Circ. Res. 2012, 110, 483–495. [CrossRef]

115. Duan, P.; Tan, J.; Miao, Y.; Zhang, Q. Potential role of exosomes in the pathophysiology, diagnosis, and treatment of hypoxic
diseases. Am. J. Transl. Res. 2019, 11, 1184–1201. [PubMed]

116. Heallen, T.R.; Kadow, Z.A.; Kim, J.H.; Wang, J.; Martin, J.F. Stimulating Cardiogenesis as a Treatment for Heart Failure. Circ. Res.
2019, 124, 1647–1657. [CrossRef] [PubMed]

117. Tang, J.-N.; Cores, J.; Huang, K.; Cui, X.-L.; Luo, L.; Zhang, J.-Y.; Li, T.-S.; Qian, L.; Cheng, K. Concise Review: Is Cardiac Cell
Therapy Dead? Embarrassing Trial Outcomes and New Directions for the Future. STEM CELLS Transl. Med. 2018, 7, 354–359.
[CrossRef] [PubMed]

118. Adamiak, M.; Sahoo, S. Exosomes in Myocardial Repair: Advances and Challenges in the Development of Next-Generation
Therapeutics. Mol. Ther. 2018, 26, 1635–1643. [CrossRef] [PubMed]

119. Singla, D.K. Stem cells and exosomes in cardiac repair. Curr. Opin. Pharmacol. 2016, 27, 19–23. [CrossRef] [PubMed]
120. Lamichhane, T.N.; Sokic, S.; Schardt, J.S.; Raiker, R.S.; Lin, J.W.; Jay, S.M. Emerging roles for extra cellular vesicles in tissue

engineering and regenerative medicine. Tissue Eng. Part B Rev. 2015, 21, 45–54. [CrossRef] [PubMed]
121. Bjørge, I.M.; Kim, S.Y.; Mano, J.F.; Kalionis, B.; Chrzanowski, W. Extracellular vesicles, exosomes and shedding vesicles in

regenerative medicine—A new paradigm for tissue repair. Biomater. Sci. 2017, 6, 60–78. [CrossRef]
122. Zhu, L.-P.; Tian, T.; Wang, J.-Y.; He, J.-N.; Chen, T.; Pan, M.; Xu, L.; Zhang, H.-X.; Qiu, X.-T.; Li, C.-C.; et al. Hypoxia-elicited

mesenchymal stem cell-derived exosomes facilitates cardiac repair through miR-125b-mediated prevention of cell death in
myocardial infarction. Theranostics 2018, 8, 6163–6177. [CrossRef]

123. Lai, R.C.; Arslan, F.; Lee, M.M.; Sze, N.S.K.; Choo, A.; Chen, T.S.; Salto-Tellez, M.; Timmers, L.; Lee, C.N.; El Oakley, R.M.; et al.
Exosome secreted by MSC re duces myocardial ischemia/reperfusion injury. Stem Cell Res. 2010, 4, 214–222. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCRESAHA.111.247452
https://www.ncbi.nlm.nih.gov/pubmed/30972155
https://doi.org/10.1161/CIRCRESAHA.118.313573
https://www.ncbi.nlm.nih.gov/pubmed/31120819
https://doi.org/10.1002/sctm.17-0196
https://www.ncbi.nlm.nih.gov/pubmed/29468830
https://doi.org/10.1016/j.ymthe.2018.04.024
https://www.ncbi.nlm.nih.gov/pubmed/29807783
https://doi.org/10.1016/j.coph.2016.01.003
https://www.ncbi.nlm.nih.gov/pubmed/26848944
https://doi.org/10.1089/ten.teb.2014.0300
https://www.ncbi.nlm.nih.gov/pubmed/24957510
https://doi.org/10.1039/C7BM00479F
https://doi.org/10.7150/thno.28021
https://doi.org/10.1016/j.scr.2009.12.003

	Introduction 
	Dyslipidemia, Its Association with Cardiovascular Disease, and New Insights in Treatment New Insights in Treatment of Dyslipidemia 
	Alirocumab and Evolocumab 
	Evinacumab 
	Bempedoic Acid 
	Icosapent Ethyl 
	SiRNA Therapy 
	Other Therapy Solutions 

	The Association between Cardiovascular Disease and Diabetes 
	The Role of SGLT-2 Inhibitors and GLP-1 Receptor Agonists in Diabetes and Cardiovascular Disease 
	Sodium-Glucose Co-Transporter-2 (SGLT-2) Inhibitors 
	Glucagon-like Peptide-1 (GLP-1) Receptor Agonists 

	The Emerging Significance of VCP/p97 in Cardiovascular Ailments: Fresh Insights and Therapeutic Prospects 
	VCP/p97's Involvement in Cardiovascular Conditions 
	VCP/p97 and Ischemia/Reperfusion-Induced Damage 

	Fresh Insights and Novel Perspectives on Exosomes in Cardiovascular Disorders 
	Exosomes as Diagnostic Tools in Cardiovascular Ailments 
	Exosomes as Therapeutics in Cardiovascular Ailments 

	Conclusions 
	References

