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Abstract: Coronary heart disease (CHD) is currently an important cause of mortality among residents in China and worldwide. 

The incidence of CHD in China is increasing annually. Among the various factors leading to the occurrence of CHD, 

abnormalities in blood lipids, especially elevated low-density lipoprotein cholesterol (LDL-C), are particularly significant.  

Epidemiological, genetic, and clinical studies have confirmed its crucial role in the development of coronary heart disease. 

Therefore, effectively controlling LDL-C levels has become a paramount in preventing the onset of CHD and reducing mortality 

rates. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, as novel lipid-lowering medications, effectively lower 

LDL-C and play a significant role in preventing major adverse cardiovascular events (MACEs). This article provides a review of 

PCSK9 inhibitors in clinical treatment related to coronary artery atherosclerosis. 
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Coronary heart disease (CHD) is caused by damage 

to the inner wall of coronary arteries, which leads to the 
deposition of cholesterol and lipids to form plaques in the 
walls of the arteries and ultimately leads to narrowing of 
the lumen of the arteries, obstruction of blood flow or 
thrombosis, which can lead to myocardial ischemia or 
even myocardial infarction and other serious 
consequences. Hypercholesterolemia is an important risk 
factor for atherosclerosis and serious cardiovascular 
diseases. According to the "Summary of the 2022 Report 
on Cardiovascular Health and Diseases in China", the 
prevalence of CHD in China is increasing year by year 
and blood lipid levels are significantly elevated [1]. 
Traditional statins have been widely used in clinical 
practice as the cornerstone of lipid-lowering therapy for 
CHD. However, after using the maximum dose of statin 
therapy, some patients still fail to meet the requirements 
of lipid-lowering standards, especially for patients with 
familial hyperlipidemia. Accompanied by many adverse 
effects of the statin, some patients develop symptoms 
including xerostomia, abdominal pain, constipation, etc. 
About 1/1,000 patients develop myopathy, which is 
manifested as myositis, rhabdomyolysis, and some other 
adverse effects such as hepatic insufficiency, diabetes 
mellitus, hypothyroidism, etc.[2-4]. This deficiency is 
made up by proprotein convrtase subtilisin/kexin9 
(PCSK9) inhibitors, which play an important role in the 
treatment of hypercholesterolemia. PCSK9 inhibitors are 
widely recognized as an important option for the 
treatment of hypercholesterolemia due to their excellent 
cholesterol-lowering effect. 

PCSK9 is the 9th member of the proprotein 
convertases (PCs) family and is a secreted serine protease. 
It is mainly synthesized and secreted in the endoplasmic 
reticulum of the liver, and is also expressed in the 

intestines and kidneys[5]. In 2003, researchers discovered 
that the PCSK9 gene is closely related to cholesterol 
metabolism. Subsequently, researchers have found that 
mutant PCSK9 genes can lead to elevated levels of 
low-density lipoprotein cholesterol (LDL-C). The Food 
and Drug Administration (FDA) approval in 2015 is an 
important milestone in the research of PCSK9 inhibitors 
and marks a breakthrough in the clinical application of 
this class of drugs. Since then, a series of clinical trials 
and studies have confirmed the remarkable effectiveness 
of PCSK9 inhibitors in the treatment of 
hypercholesterolemia, making them a new option for the 
prevention and treatment of cardiovascular disease. 

 
1 Mechanism of action of PCSK9 
 
1.1 Role in blood lipids  
 

It has been found that LDL-C binds through the LDL 
receptor (LDL-R) on the surface of hepatocytes, and form 
a complex that passes from the vasculature into the 
interior of the hepatocyte via the cytosolic pathway, 
where it is transported to the lysosomes for degradation, 
and then the LDL-R returns to the surface of the cell for 
the next cytosolization. PCSK9 binds specifically to the 
LDL-R, accelerating the irreversible degradation of the 
LDL-R and reducing the binding of LDL-R to LDL-C, 
thereby causing circulating levels of LDL-C to rise. 
Irreversible degradation and reduces the binding of 
LDL-R to LDL-C, which in turn results in elevated 
circulating LDL-C levels[6]. 
 
1.2 Pro-inflammatory effects  
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Studies have demonstrated that the inflammatory 

response plays a role at all times in myocardial infarction, 
influencing myocardial healing and repair [7]. PCSK9 
can convert leukocytes to a pro-inflammatory state, 
leading to the production of pro-inflammatory cytokines 
that play a direct role in the development of 
atherosclerosis. It acts directly through pro-inflammatory 
oxidation of LDL and modification of plaque components, 
thereby inducing a cytokine, chemokine and adhesion 
molecule-mediated inflammatory response that promotes 
atherosclerosis formation and development [8-9]. 
Atherosclerosis-associated inflammatory factors 
including tumor necrosis factor-α (TNF-α), interleukin 
(IL)-6 and IL-1β have been found to be well inhibited by 
PCSK9 inhibitors [10]. 
 
1.3 Platelet activation  

 
Recently, it has been demonstrated that PCSK9 

enhances platelet activation. PCSK9 in plasma directly 
enhances platelet activation by binding to platelet CD36 
and activating downstream signaling pathways. Platelet 
activation releases inflammatory mediators such as 
thromboxane A2 and 5-hydroxytryptophan, which 
promote platelet adhesion and aggregation, lead to 
atherosclerosis, aggravate microvascular obstruction, and 
contribute to the expansion of the area of the 
post-infarction area of the myocardial infarction [11]. 
 
1.4 Apoptosis  

 
PCSK9 can promote ox-LDL-induced endothelial 

cell apoptosis and cause endothelial dysfunction in 
atherosclerosis through the c-Jun amino-terminal 
kinase/p38 mitogen-activated protein kinase pathway. 
Meanwhile, some studies have shown that knockdown of 
PCSK9 gene by siRNA can inhibit ox-LDL-induced 
endothelial cell apoptosis through the Bcl-2/Bax pathway, 
both demonstrating the pro-apoptotic effect of 
PCSK9[12-13]. 

 
2 Clinical use of PCSK9 inhibitors 
 

Numerous researchers have found that PCSK9 
inhibitors have great potential in the prevention of 
atherosclerotic disease. By lowering LDL-C levels, 
PCSK9 inhibitors significantly inhibit cholesterol 
deposition and plaque formation in the arterial 
vasculature, reducing patients' risk of major adverse 
cardiovascular events (MACEs), such as myocardial 
infarction and stroke. It has been stated that Lp(a) is a 
complex of LDL-C, ApoB100 and ApoA, which is 
considered to be independently associated with the 
development of coronary artery disease and is not 
affected by a decrease in the level of LDL-C. Statins 
cannot reduce LP(a), and PCSK9 inhibitors are better able 
to reduce the level of this type of lipoproteins in 
comparison with statins, thus preventing the occurrence 
of cardiovascular events[14-15]. Moreover, in many 

studies, PCSK9 inhibitors have been found to have 
additional effects beyond LDL-C reduction, such as 
inhibiting inflammation[6,16], controlling platelet 
activation[17], and regulating apoptosis of vascular 
endothelial cells[12], etc. They further reduce the 
formation of atherosclerosis, prevent plaque rupture, and 
prevent the development of MACEs.  
 
2.1 Application of PCSK9 inhibitors in the treatment 
of hypercholesterolemia  
 

The ODYSSEY trial[18] is a series of large-scale 
studies on the efficacy and safety of PCSK9 inhibitors, 
mainly focusing on the efficacy and safety of the two 
currently listed drugs, evolocumab and alirocumab, in 
different patient groups. Among them, the ODYSSEY 
LONG TERM trial[19] and ODYSSEY FH I and II 
trials[20] were conducted on patients with 
hypercholesterolemia and familial hypercholesterolemia 
respectively, which confirmed that PCSK9 inhibitors have 
good efficacy in reducing LDL-C in the short term. The 
LDL-C levels were observed to be lowered by about 61.9% 
in comparison with those of the control group in 24 
weeks. The MACEs events were lowered by 48%, which 
not only has a significant effect, but also has the effect of 
lowering LDL-C. The ODYSSEY COMBO I and II trials 
demonstrated that the addition of a PCSK9 inhibitor to 
maximal statin therapy further reduced LDL-C and was 
more effective than ezetimibe[21]. 
 
2.2 Potential of PCSK9 Inhibitors in preventing 
atherosclerotic disease 
 

Researchers comparing the use of PCSK9 inhibitors 
with basal statins in an acute coronary syndrome 
population in the ODYSSEY OUTCOMES trial 
confirmed a reduction in LDL-C levels of approximately 
55% and a 15% reduction in all-cause mortality. It was 
also observed that the application of PCSK9 in patients 
with LDL-C≥100 mg/dL (2.6 mmol/L) inhibitors resulted 
in greater benefits [22]. 

The FOURIER study, the first large, multicenter, 
double-blind cardiovascular outcome study of PCSK9 
inhibitors, with 27,564 participants, confirmed the 
excellent lipid-lowering effect of PCSK9 inhibitors, i.e., 
the ability to reduce LDL-C by up to 59% on top of statin, 
and absolute lipid level by 1.45 mmol/L[23]. Moreover, 
its sub-study, the FOURIER-OLE trial, confirmed that the 
use of PCSK9 inhibitors in the treatment of patients with 
coronary artery disease significantly reduces the risk of 
MACEs, resulting in a decrease of cardiac events by 
approximately 15% during 3 years of follow-up. 
Meanwhile, the GLAGOV trial observed by intravascular 
ultrasound (IVUS) that the use of PCSK9 inhibitor 
treatment on top of statin treatment could more 
significantly reduce the plaque size and degree of 
obstruction, confirming that PCSK9 inhibitors can 
effectively reduce the size of plaques and reverse the 
plaque effect [24]. 
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PCSK9 inhibitors have been applied in the clinics as 

lipid-lowering drugs, and their prominent LDL-lowering 
ability is their key advantage, which can reduce the 
development of cardiovascular events safely. PCSK9 
inhibitors seem to be able to compensate for, or even 
replace, statins, which can play a protective and 
therapeutic role for people at high risk of cardiovascular 
disease. In the study of CHD, the inflammatory response 
is recognized as an important factor involved in is disease 
progression. Thus, control of the inflammatory response 
is particularly critical. In a domestic clinical study, it was 
concluded that PCSK9 inhibitors can effectively improve 
the early systemic inflammatory response in patients with 
myocardial infarction, significantly reduce the levels of 
IL-1β, IL-6, TNF-α and other related inflammatory 
factors, and thus achieve the role of cardioprotection[25]. 
In addition to the above trials, many other studies are 
exploring the efficacy and safety of PCSK9 inhibitors, 
such as FURTHER, MENDEL, also showed that PCSK9 
inhibitors have good safety while achieving better 
lipid-lowering effect as well as the prevention of 
cardiovascular disease significant results [26-27]. These 
large clinical trials have demonstrated that PCSK9 
inhibitors have excellent lipid-lowering effects in the 
treatment of coronary artery disease while significantly 
reducing cardiovascular events, with less hepatic or renal 
impairment and fewer myositis, myalgia, diabetes, and 
neurocognitive events compared to statins[28]. 
 
3 Safety and side effects of PCSK9 inhibitors 
 

PCSK9 inhibitors are generally considered relatively 
safe drugs that significantly reduce the incidence of 
adverse cardiovascular events, without causing serious 
liver or kidney abnormalities, and affecting blood 
glucose[29-30]. However, they may have some side 
effects. The following are some common side effects and 
safety concerns. 

 
3.1 Injection site reactions  
 

Because PCSK9 inhibitors are used via the injection 
route of administration, some patients may experience 
injection-related reactions such as pain, redness, swelling, 
tingling, or bruising at the injection site[31]. 

 
3.2 Immunogenic reactions  
 

In some studies and case reports, some patients have 
experienced reactions related to the immunogenicity of 
PCSK9 inhibitors, such as anaphylactic reactions, hives, 
drug rashes, skin rashes and swelling at the injection site. 
A SPIRE trial was also stopped in progress due to more 
severe allergenicity problems[32]. Such adverse reactions, 
however, did not increase significantly in the clinical 
trials of evolocumab and alirocumab, which are currently 
available [33]. 
 
3.3 Neurocognitive side effects  

 
In some previous studies, patients using PCSK9 

inhibitors may experience mild neurocognitive side 
effects such as memory loss or poor concentration [34]. 
However, these observations are inconsistent, and more 
studies are needed to further clarify their relationship with 
the drug. While some studies have suggested an 
association with excessively low LDL-C levels, the 
EBBINGHAUS trial concluded that low levels of plasma 
cholesterol do not induce cognitive impairment [35].  
 
4 Current status of PCSK9 inhibitors 
 

According to the different mechanisms of action of 
PCSK9 inhibitors, they are mainly classified into drugs 
that inhibit PCSK9 at the nucleic acid level, such as small 
interfering RNA (siRNA), antisense oligoneucleotides 
(ASOs), drugs that inhibit the binding of PCSK9 to 
LDL-C and LDL-R, such as monoclonal antibodies 
(mAb), antibody-mimicking proteins, and small 
molecules that alter the catalytic site of the PCSK9 
protein[19]. Alirocumab and evolocumab are listed drugs. 
Among these drugs, inclisiran is a small interfering 
RNA.Its main mode of administration is subcutaneous 
injection, which has been used clinically, but due to its 
price and mode of administration, some patients stop 
taking the drug. While other types of PCSK9 inhibitors 
are under research and many drugs have reached phase III 
clinical stage, their mode of application is oral and seems 
to be more popular[36]. 

 
5 Discussion 

 
 Since the first PCSK9 inhibitor was launched, there 

has been tremendous progress in the field, driven by 
continued research. PCSK9 inhibitors have shown great 
potential in clinical applications. They have been widely 
used in the treatment of hypercholesterolaemia and have 
shown significant reductions in LDL-C levels. In addition, 
PCSK9 inhibitors are thought to have a potentially 
important role in the prevention of cardiovascular disease 
by improving atherosclerotic lesions. Combination with 
statins may further improve therapeutic efficacy. 
Although PCSK9 inhibitors have shown significant 
benefits in clinical use, their safety and potential side 
effects must be taken into account. In most cases, mild 
side effects such as headache and myalgia are 
manageable and can be managed by adjusting the dose or 
treatment regimen. However, more comprehensive 
studies and observations are needed on the potential 
safety concerns of PCSK9 inhibitors in the long term. 

Research and clinical application of PCSK9 
inhibitors continues to face a number of challenges and 
limitations. One of these is the improvement of dosage 
forms to increase patient convenience and compliance. In 
addition, the development of individualised therapy and 
personalized medicines is an important direction for the 
future. By studying individual genetic differences and 
biomarkers, patient response to PCSK9 inhibitors can be 
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better predicted, leading to personalized treatment 
strategies. 

In conclusion, the progress of research into PCSK9 
inhibitors has brought hope for the treatment of 
cardiovascular disease. Through further research and 
clinical practice, their potential in the prevention and 
treatment of hypercholesterolaemia and cardiovascular 
disease can be better understood and provide a more 
reliable basis for the development of personalized 
treatment. 
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79:V0;V48W.[0Ỳ70\9\19YW0. -V97W[YW197)E*?D61809_6[-!06ZWY97"

)%)%" $*%$&! $(?

)'$*

Ö��

"

�á;

"

���

"

ë

?

AQÐ(RìQ�ÄåÅ�j<º

Ù�Lâã¯/��'[

///

Ãh

g"SL#3L

01¯°äÂ/

´e

)E*?

¯°23Î+

")%)'"'A%@&!@%(

=

@$%?

UV6.;OH" O0QM" l69UH" WY67?D70.0-67ZW.WX0Y9XW_979-T56Z

Y1W6Y5W.Y659.;\6Y0W.Y[:0YV 6YVW19[-7W19Y0--61809_6[-T76180[W6[W!

W]\7916Y09. Z6[W8 9. YVWDV0.W[W[TZ;19T\ 9Xg"SL#3L[YT8 )̀E*?

DV0. D01-E" )%)'" 'A%@&! @%(

=

@$%?

)')* L08/W1FM" LW_/0. E" G561W.-9F" WY67?D61809_6[-T761WXX0-6-̀
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