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Abstract

Ischemic strokes account for the majority of stroke cases. A stroke happens when the blood supply to the brain
is abruptly interrupted. The insufficient blood flow can lead to brain damage and a range of physical and
cognitive impairments. High cholesterol in the body is a significant risk factor for stroke. Reducing high
cholesterol levels through lifestyle changes and medications can help lower the risk of stroke. PCSK9 inhibitors
belong to a group of drugs employed for managing elevated cholesterol levels, particularly low-density
lipoprotein cholesterol (LDL-C). These medications function by focusing on a specific protein within the body,
known as PCSK9, which is responsible to control LDL receptor levels. Through the inhibition of PCSK9, these
medications can efficiently reduce LDL cholesterol levels in the bloodstream. This review study was conducted
to describe or evaluate the function of PCSK9 inhibitors in controlling high cholesterol level and lowering the
possibility of stroke.

Objectives:
Key words: Hyperlipidemia; High Cholesterol Level; Statins; Proprotein convertase subtilsin-kexin type 9,
Stroke

INTRODUCTION:

The quantity of low-density lipoprotein (LDL) receptors on cell surfaces is regulated by a protein in the body
called PCSK9.® They work by targeting a specific protein in the body, PCSK9, which plays a crucial role in
regulating cholesterol levels in the bloodstream. PCSK9 inhibitors are medications designed to interfere with the
action of PCSK9. Because these medications inhibit PCSK9, more LDL receptors are present on the surface of
liver cells. This improves the elimination of LDL cholesterol from the blood, lowering LDL cholesterol levels
and lowering the risk of cardiovascular events like heart attacks and strokes in people with high cholesterol. The
removal of LDL-C from the circulation is accomplished by these receptors.? PCSK9 inhibitors work by
interfering with this process, preventing PCSK9 from binding to LDL receptors and targeting them for
degradation. High blood lipid levels brought on by an excessive intake of a high-cholesterol diet are the cause of
hyperlipidemia. It's significant to note that up to 60% of reported patients in registries and clinical trials had
high levels of blood lipids, particularly cholesterol.”) Some of the common types and conditions within the
spectrum of CVD include: CHD, stroke, heart failure, hypertension and arrhythmias > According to Leppala et
al. (1999), people with elevated cholesterol levels (>7.0 mmol/L) had a higher chance of having a stroke.®
Hyperlipidemia, which is characterized by high levels of lipids (fats) in the blood, is a significant risk factor for
the development of atherosclerosis, not only in extracranial (outside the head) arteries but also in the cervical
(neck) and coronary (heart) arteries. This increased risk of atherosclerosis in multiple arterial beds can have
serious consequences, particularly when it comes to the risk of stroke® CVD development is known to be
influenced by hyperlipidemia - A class of drugs known as statins functions by blocking an enzyme that the
liver uses to produce cholesterol. By reducing LDL-C levels, which are often referred to as "bad" cholesterol,
statins can help lower the risk of atherosclerosis and CVD, including heart attacks and strokes. Statin therapy is
typically suggested for individuals with CVD, such as heart attacks or strokes, as well as for those with specific
risk factors for CVD, including high LDL-C levels, diabetes, or hypertension. This is supported by numerous
double-blind placebo-controlled trials and a substantial body of research. ® 9 Nevertheless, despite getting
maximally tolerated therapy, some individuals taking statins still experience CVD events. PCSK9 inhibitors
play a critical role in managing elevated cholesterol levels. They function by obstructing the activity of PCSK9,
leading to an enhanced quantity of active LDL receptors on liver cells and facilitating the elimination of LDL-C
from the bloodstream. Consequently, this leads to a substantial decrease in LDL-C levels and reduces the
likelihood of cardiovascular events in individuals with high cholesterol. Nevertheless, these medications are
typically prescribed for individuals who fail to reach their cholesterol targets with alternative treatments or for
those with a heightened cardiovascular risk.
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FUNCTIONAL MECHANICS OF PCSKO:

The majority of PCSK9 is produced in hepatocytes; the intestines and kidneys are the other two locations.®**?
233)/ fostering their metabolism and subsequent destruction, PCSK9 lowers the amount of LDLR in hepatocytes.
12

Inhibiting PCSK9 can be a useful therapeutic strategy to lower LDL cholesterol and lower the risk of
cardiovascular disease. When PCSK9 binds to LDLR, it triggers the degradation of LDLR, reducing its ability
to clear LDL cholesterol from the blood, ultimately leading to higher LDL cholesterol levels. Dysregulation of
this process can contribute to the development of CVD. In order to stop PCSK9 from attaching to LDL receptors
on the hepatocytes, monoclonal antibodies that target PCSK9 attach to PCSK9 in the circulation. This
interference results in more LDL receptors being available on the cell surface, which leads to enhanced
clearance of blood LDL cholesterol. Lowering LDL cholesterol levels is an essential goal in managing the risk
of heart disease and related cardiovascular events. PCSK9 has been demonstrated to function as both an
exogenous factor that encourages LDLR internalisation from the hepatocellular surface as well as intracellularly
(where it functions as a chaperone). Under normal conditions, endosomes endocytose the LDL/LDLR complex.
Because of the endosome's acidic pH, the LDL receptor's extracellular domain changes structurally to take on a
hairpin structure. This transformation aids in its recycling to the plasma membrane by reducing the LDL
receptor's affinity for LDL. The LDLR is kept in an open conformation, which hinders recycling, and PCSK9
binding suppresses this change. The lysosomes are subsequently used to degrade the LDLR as shown in Figure
1.%339 The bloodstream carries PCSK9 in its secretory form, which can be inactivated by proprotein convertase
cleavage. The routine degradation of LDLR is supported by the release of the prodomain and catalytically
inactive PCSK9. This implies that PCSK9 functions in a manner more akin to a chaperone protein rather than a
conventional catalytic enzyme.®® ©
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Figure 1: Mechanism and role of PCK9 in low-density lipoprotein-cholesterol metabolism.
Lipids as vascular risk factor:

Lipids are important molecules in the body that play various roles, including energy storage, cell membrane
structure, and the synthesis of hormones. However, elevated levels of certain lipids in the blood can be a
significant vascular risk factor, contributing to the development of CVD.

The first three significant randomised trials that examined the effect of statin medication in lowering the
incidence of cardiac events in patients with coronary artery disease and dyslipidemia identified the favourable
effect of lowering cholesterol levels on the risk of stroke.*"*® In the cholesterol and Recurrent Events (CARE)
trial, the statin group's stroke incidence was 31% lower than that of the placebo group. According to the research
conducted by Frank M. Sacks and colleagues *”, it was revealed that a significant number of individuals with
coronary disease, despite having normal cholesterol levels, can still experience advantages from cholesterol-
lowering medications. Over the course of the five-year median follow-up period in the Scandinavian
Simvastatin Survival research (4S), research participants who were administered statin drugs saw a significant
35% drop in their LDL cholesterol levels. In a post-hoc analysis, individuals who were prescribed simvastatin
experienced a 30% decrease in the relative risk (RR) of both fatal and nonfatal strokes when compared to those
taking a placebo (p=0.024). “® Furthermore, in another randomized study, the use of pravastatin reduced the
risk of stroke by 19% in comparison to a control.**
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In the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial, the investigation
focused on the connection between the reduction in LDL-C induced by statin therapy and the prevention of
secondary strokes.® In this study, 4,731 individuals who had recently suffered a stroke or a transient ischemic
attack with an atherosclerotic cause were randomized to receive high dose atorvastatin versus a placebo.
Following one month of randomization, the statin group exhibited an average LDL-C reduction of 53%, while
the placebo group's LDL-C levels remained nearly unchanged (p < 0.001). During a median follow-up time of
4.9 years, 11.2% of patients in the atorvastatin group experienced a fatal or nonfatal stroke, with an adjusted
hazard ratio (HR) of 0.84 and a 95% confidence interval (Cl) ranging from 0.71 to 0.99, when compared to the
placebo group. While there was an uptick in hemorrhagic strokes, this increase did not reach statistical
significance.®

Investigations have also been done into the impact of combining a statin with a non-statin lipid-lowering drug to
further lower LDL-C levels.

The Improved Reduction of Outcomes:

The Vytorin Efficacy International Trial enrolled 18,144 patients who had experienced a recent acute coronary
syndrome (ACS). They were randomised in to two groups to receive either simvastatin monotherapy or
simvastatin with ezetimibe.®? Initially, both groups had an average LDL-C level of 93.8 mg/dL. However, after
one year of follow-up, the simvastatin-ezetimibe group exhibited a mean LDL-C of 53.2 mg/dL, while the
monotherapy group had a mean LDL-C of 69.9 mg/dL, with a statistically significant difference (p < 0.001).
Lower LDL-C levels were associated with a reduced risk of experiencing an ischemic stroke, as indicated by a
hazard ratio (HR) of 0.79, with a 95% confidence interval (Cl) ranging from 0.67 to 0.94.

PCSK9 and the metabolism of lipids: Lipoproteins play a crucial role in transporting lipids throughout the
body, due to their insoluble nature, lipids must be transported via the bloodstream. Apolipoproteins and
phospholipids make up the majority of the hydrophilic membrane that surrounds the hydrophobic core of
lipoproteins, which is made of cholesteryl esters or triglycerides.®? This unique structure of lipoproteins allows
them to transport lipids in the bloodstream effectively. The hydrophilic membrane ensures that lipoproteins
remain soluble in the agueous environment of the blood, while the hydrophobic core carries the lipids. Different
types of lipoproteins have variations in their composition, with varying amounts of triglycerides, cholesterol,
phospholipids, and apolipoproteins, depending on their specific roles in lipid transport and metabolism in the
body. LDL plays a significant role in atherogenesis and is a primary supply of cholesterol for peripheral tissues.
Cholesterol is essential for many cellular functions, including the production of bile acids, steroid hormones,
and plasma membranes.®® Sterol regulatory element binding protein-2 (SREBP-2) responds to intracellular
cholesterol levels to control the expression of LDLR on the cell membrane. It promotes the transcription of
genes responsible for LDLR, subsequently enhancing the uptake of LDL-C, particularly as cellular cholesterol
levels decrease.®* 2> Additionally, SREBP-2 improves cholesterol production by promoting the expression of
HMGCR, the rate-limiting enzyme in the synthesis of cholesterol.®® ?") It is also present on the kidney and small
intestine, the liver expresses PCSK9 protein most frequently. The complex invaginates inside an endosome as a
result of mature PCSK9's competition with LDL and binding to the LDLR's epidermal growth factor ®® The
acidic endosome environment dramatically increases PCSK9's affinity for LDLR.?* 3% As a result, LDLR is
unable to separate from the ligand and is lysosomally degraded rather than being recycled.® This results in the
reduction of LDLR density on the surface of the cell which leads to an elevation in plasma LDL levels.

Lipid metabolism and PCSK9 gene activity:

The PCSK9 gene are responsible for lipid metabolism. The primary role of the PCSK9 protein is to regulate the
quantity of LDL receptors on the liver cells.

The PCSK9 gene is situated on chromosome 1, (1p32.3) which is known to be highly polymorphic, meaning it
has a significant amount of genetic variation within the human population. Polymorphisms in the PCSK9 gene
can lead to different functional variants of the PCSK9 protein, and these variants can have varying effects on
cholesterol metabolism and, subsequently, cardiovascular health. Some individuals may carry genetic variants
that result in the over activity of PCSK9, that causes high level of LDL cholesterol and cardiovascular diseases.
On the other hand, some individuals may possess variations that lead to decreased PCSK9 activity, resulting in
reduced LDL cholesterol levels and a lower susceptibility to cardiovascular diseases. Research has shown a
significant decline in the risk of CHD in individuals with mutated PCSK9 gene. These genetic mutations are
linked with low levels of LDL-C in the bloodstream.®%
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PCSKOQ inhibitor usage recommendations for preventing stroke:

The primary role of PCSK9 inhibitors was not specifically focused on preventing stroke, although there could be
potential benefits related to stroke prevention due to their effects on reducing atherosclerosis and cardiovascular
risk factors. Recommendations for PCSK9 inhibitor usage may vary depending on the specific guidelines and
the patient's risk profile.

As per the present AHA/ASA guidelines, individuals below the age of 75 with clinical ASCVD should be
prescribed either high-intensity statin treatment, characterized by a decrease in LDL-C levels exceeding 50%, or
moderate-intensity statin therapy, which involves a reduction in LDL-C levels by 30% to 49%, in case side
effects related to statin use become apparent.®” The recommendations also take patients with clinical ASCVD
who are at very high risk, have LDL-C levels below 70 mg/dL14, and are receiving maximally tolerable LDL-C
lowering treatment into account when prescribing PCSK9 inhibitors. Likewise, even when employing the
highest tolerated statin dosage, the 2018 AHA guidelines for blood cholesterol management recommend the
incorporation of a nonstatin medication, such as a PCSK9 inhibitor, for individuals with a very high-risk of
ASCVI(Da,S)encompassing stroke, and LDL-C levels at or above 70 mg/dL or non-HDL-C levels at or above 100
mg/dL.

The European Stroke Organization released a consensus statement in 2019, “PCSK9 inhibitors were authorized
as an adjunctive therapy for individuals who do not reach their LDL-C target levels despite being treated with
statins and ezetimibe”.®® According to the European Society of Cardiology and the European Atherosclerosis
Society's 2019 guidelines for managing dyslipidemia, individuals with very high-risk circumstances for
secondary prevention should strive for an LDL-C level below 55 mg/dL.®” According to these
recommendations, PCSK9 inhibitors may be used in very high risk individuals who fail to meet their LDL-C
objectives while taking the highest dose of tolerable statins in conjunction with ezetimibe.

Conclusions:

The discovery of PCSK9 and the subsequent development of PCSK9 inhibitors represent significant
advancements in the field of lipid management and the treatment of hyperlipidemia. Its function in cholesterol
metabolism marked a significant milestone decade ago. Researchers identified PCSK9 is a main player in
regulating LDL cholesterol levels. It revolutionized the management of hyperlipidemia, offering new treatment
options for individuals more likely to CVD. These medications have the potential to reduce LDL cholesterol to
previously unattainable levels and minimize the risk of atherosclerotic events.
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