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A b s t r a c t :  

The “cholesterol theory” has laid the foundation for the treatment of 
atherosclerotic cardiovascular diseases, but research has proven that 
the “inflammatory response theory” is another research hotspot related 
to atherosclerosis (AS) and a potential target for AS intervention. 
Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) has pleiotropic 
effects mediated by lipid regulation and inflammatory response. It can 
drive inflammatory responses through lipids and is also an independent 
inflammatory mediator involved in the occurrence of AS. The inflammatory 
response effect of PCSK9 may be one of the important targets of traditional 
Chinese medicine for the treatment of AS. Traditional Chinese medicines 
and their extracts (quercetin, berberine hydrochloride, gynostemma 
pentaphyllum, curcumin, 10-dehydrogingerdione and sugarcane element, 
ginkgolide B, naringin, and hesperidin, etc.), and traditional Chinese 
medicine compounds (Shoushen granules, Qizhi Tongmai granules, etc.) 
have inhibitory effects on Pcsk9, which is an important direction for PCSK9 
drug research and discovery. 
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1. Introduction
Atherosclerotic Cardiovascular Disease (ASCVD) 
remains the leading cause of death and rising medical 
costs globally [1]. It mainly includes coronary heart 
disease, cerebral infarction, and peripheral artery disease, 
with atherosclerosis (AS) as their common pathological 
basis [2]. The “cholesterol theory” has laid the foundation 
for ASCVD treatment. Although it is clinically believed 
that lower levels of Low-Density Lipoprotein Cholesterol 
(LDL-C) are better, there is still a prevalent residual 
risk of ASCVD in individuals with low or target LDL-C 
levels [3]. Therefore, intervention in other pathogenic 
risks of AS is necessary. The “inflammatory response 
theory” is another research hotspot related to AS and 
a potential target for AS intervention. In 1999, Ross 
(1999) [4] proposed that “AS is an inflammatory disease.” 
However, it was only until large randomized controlled 
clinical trials such as CANTOS, COLCOT, and LoDoCo2 
confirmed that canakinumab and colchicine can improve 
the prognosis of ASCVD that the “inflammatory response 
theory” gained clinical evidence [5–7].

Proprotein Convertase Subtilisin/Kexin Type 9 
(PCSK9) is currently a focal point in lipid research and was 
discovered in 2003. The PCSK9 gene is the third autosomal 
dominant hypercholesterolemia-related gene after the 
Apolipoprotein B (ApoB) gene and the Low-Density 
Lipoprotein Receptor (LDLR) gene [8]. It can bind to the 
LDLR binding domain in the liver, accelerating LDLR 
degradation in lysosomes and reducing LDLR levels in 
circulation. This decreases the ability of LDLR to clear 
LDL-C, leading to an increase in LDL-C concentration 
and ultimately resulting in AS [9]. Populations with PCSK9 
loss-of-function mutations have reduced risks of LDL-C 
and coronary heart disease [10,11]. Studies have confirmed 
that PCSK9 inhibitors can significantly reduce LDL-C 
and increase the benefits of ASCVD [12–14]. However, the 
role of PCSK9 in AS is not limited to regulating LDL-C, 
as it also exhibits important inflammatory response 
effects [15]. This may be another pathway for the clinical 
benefits of PCSK9 inhibitors. Therefore, intervening in 
the inflammatory response mediated by PCSK9 is one of 
the potential mechanisms of traditional Chinese medicine 
for treating AS. This article reviews the research progress 
on PCSK9-mediated inflammatory response in AS and 
the intervention of traditional Chinese medicine.

2 .  M e d i a t i o n  o f  P C S K 9  i n  t h e 
inflammatory response of atherosclerosis 
(AS)
2.1. PCSK9 mediates cellular inflammatory 
response via lipid pathway 
AS is a lipid-driven inflammatory disease [16]. It initiates 
the differentiation of inflammatory cells and inflammatory 
damage mediated by the lipid pathway by promoting 
the occurrence of hyperlipidemia and the increase of 
monocytes and neutrophils [17,18]. Oxidized Low-Density 
Lipoprotein (ox-LDL) can induce the differentiation 
of monocytes in the blood into macrophages under the 
intima through damaged endothelial gaps. In this process, 
PCSK9 regulates the chemokine C-C motif receptor 
2 (CCR2) on monocytes, enabling their migration 
towards vascular smooth muscle cells and further 
differentiation into macrophages [19]. During the lipid 
uptake by monocytes differentiating into macrophages, 
PCSK9 also promotes the inflammatory response of lipid 
internalization, leading to intracellular lipid accumulation 
and the formation of foam cells [20]. Elevated cholesterol 
can activate neutrophil inflammasome components such 
as Nucleotide Oligomerization Domain-Like Receptor 
Protein 3 (NLRP3), releasing Interleukin-1β (IL-1β) and 
IL-8 from the Interleukin (IL) family. This results in the 
formation of Neutrophil Extracellular Traps (NETs), 
which cause vascular smooth muscle cell apoptosis and 
vascular damage by attacking their cells, and participate 
in AS plaque rupture and thrombosis [21,22].

2.2. PCSK9 as an independent inflammatory 
mediator 
PCSK9 can function as an inflammatory mediator by 
promoting cell adhesion and mediating the expression 
of inflammatory molecules. Cell adhesion is involved in 
AS formation by facilitating the recruitment, migration, 
and differentiation of inflammatory cells. The cell 
adhesion molecule family, including Intercellular 
Adhesion Molecule-1 (ICAM1), Vascular Cell Adhesion 
Molecule-1 (VCAM1), E-selectin, and P-selectin, has 
been shown to play a crucial role in this process. In 
animal models of AS, PCSK9 gene deletion or knockout 
reduces AS occurrence through a mechanism independent 
of LDLR, leading to decreased expression of ICAM1 and 
VCAM1 in endothelial cells [23,24]. Experimental studies 
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have demonstrated that PCSK9 can increase the release of 
P-selectin from platelets [25], and there is a strong positive 
correlation between PCSK9 levels and E-selectin levels 
in patients with coronary heart disease [26].

PCSK9 can activate the Toll-like Receptor 4 
(TLR4)/Nuclear Factor-kappaB pathway, inducing the 
transcription of many pro-inflammatory genes. Nuclear 
Factor-kappaB is a key factor in the inflammatory axis of 
AS, involved in AS injury by mediating the transcriptional 
regulation of various inflammatory mediators, including 
Tumor Necrosis Factor-alpha (TNF-α), the IL family, 
Monocyte Chemotactic Protein-1 (MCP-1), and Lectin-
like Oxidized Low-Density Lipoprotein Receptor-1 
(LOX-1) [24–28]. Cellular experiments have shown that 
after incubation with PCSK9 for 24 hours, the messenger 
ribonucleic acid (mRNA) of IL-1β, TNF-α, and MCP-
1 in macrophages and vascular smooth muscle cells is 
significantly induced [29]. Animal experiments indicate 
that PCSK9 overexpression can be detected in AS 
plaques of Apolipoprotein E (ApoE) gene knockout 
mice. This overexpression upregulates TLR4 expression, 
leading to the activation of the TLR4 signaling pathway. 
Silencing the PCSK9 gene can inhibit the transcription 
of TNF-α, IL-1β, and MCP-1 genes in the TLR4/Nuclear 
Factor-kappaB signaling pathway, reducing vascular 
inflammation and directly inhibiting AS without affecting 
plasma cholesterol levels in ApoE gene knockout mice 
fed a high-fat diet [30].

In addition, PCSK9 induces the expression of Tissue 
Factor (TF) by activating the TLR4/Nuclear Factor-
kappaB signaling pathway, thereby participating in the 
process of coagulation and inflammatory response. TF is 
a transmembrane glycoprotein that serves as the initiator 
of the coagulation reaction and is associated with the 
thrombotic state of AS. In vitro cellular experiments have 
confirmed this correlation, where PCSK9 increases the 
procoagulant activity, mRNA, and protein expression of 
TF in peripheral blood monocytes and human monocytic 
leukemia cells (Tohoku Hospital Pediatrics-1, THP-1). 
Pretreatment with TLR4/Nuclear Factor-kappaB signaling 
inhibitors can downregulate the level of TF induced by 
PCSK9 [31].

LOX-1 is a specific receptor for ox-LDL that can 
internalize, phagocytize, and degrade ox-LDL to form 
foam cells. There is a positive feedback loop between 

LOX-1 and PCSK9, and the deletion of the LOX-1 
gene significantly inhibits the expression of PCSK9 [24]. 
Furthermore, the activation of Nuclear Factor-kappaB 
plays a bridging role in the expression of LOX-1 induced 
by ox-LDL and lipopolysaccharide [32].

2 .3 .  PCSK9 i s  a  new target  for ant i -
inflammatory therapy in AS
The inflammatory response effects of PCSK9 in AS 
suggest that it is a new target for anti-inflammatory 
therapy in AS. PCSK9 inhibitors have been shown to 
have anti-inflammatory effects. In cellular experiments, 
PCSK9 siRNA drugs inhibit the activation of the Nuclear 
Factor-kappaB pathway in THP-1-derived macrophages, 
reducing the transcription of IL-1a, IL-6, and TNF-a 
[33]. In animal experiments, anti-PCSK9 vaccines have 
reduced the expression of ICAM1 in mouse endothelium, 
subsequently decreasing the adhesion of monocytes to 
vascular endothelium [34,35]. In clinical studies, patients 
with familial hypercholesterolemia treated with PCSK9 
inhibitors have shown a decrease in monocyte count, 
CCR2 expression, and levels of TNF-a, IL6, IL8, IL-10, 
and P-selectin [36–39].

3. Intervention of traditional Chinese 
medicine
Numerous studies have demonstrated that traditional 
Chinese medicines and their extracts have inhibitory 
effects on PCSK9, representing an important direction for 
PCSK9 drug research and discovery. In addition to the 
lipid-lowering effects obtained through direct inhibition 
of PCSK9 in related studies, mediating the inflammatory 
response of PCSK9 is also a research hotspot in this 
field and one of the important mechanisms of the anti-
inflammatory effects of traditional Chinese medicine in 
treating AS.

3.1. Traditional Chinese medicine and its 
extracts
3.1.1. Quercetin 
Quercetin, a type of flavonoid widely found in plants and 
traditional Chinese medicines such as Chaihu and Huaimi, 
possesses anti-inflammatory, antioxidant, and lipid 
metabolism effects. In an ApoE gene knockout mouse 
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model with a high-fat diet, quercetin was able to reduce 
the size of atherosclerotic plaques while significantly 
lowering the levels of PCSK9, TNF-a, and IL-6 [40,41].

3.1.2. Berberine hydrochloride 
Clinical research has shown that oral administration of 
berberine hydrochloride, an extract from the traditional 
Chinese medicine Huanglian, can reduce the levels of 
IL-6, TNF-a, ICAM1, and VCAM1 [42,43]. However, 
its correlation with PCSK9 in terms of inflammatory 
response has not been explored. In vitro experiments 
have demonstrated that berberine hydrochloride can 
down-regulate the expression of PCSK9 through the 
MAPK/ERK1/2 signaling pathway, which promotes 
the transcription and expression of nuclear factor 
kappa B genes, as well as cell proliferation and 
differentiation, involved in the inflammatory response 
of atherosclerosis [44]. Therefore, it is speculated 
that berberine hydrochloride can interfere with the 
inflammatory response mediated by PCSK9. Another 
animal experiment confirmed that oral administration 
of berberine hydrochloride at 10 mg/kg or 30 mg/kg 
can reduce the levels of TNF-a and IL-1a by inhibiting 
lipopolysaccharide, thereby regulating the expression of 
PCSK9 in a dose-dependent manner [45].

3.1.3. Gypenoside 
In a rat model of atherosclerosis induced by vitamin D3 
combined with a high-fat diet, gypenoside was able to 
inhibit the secretion of ICAM1, VCAM1, and MCP-1 
in aortic tissue. It is speculated that this effect is mainly 
achieved by inhibiting the PCSK9/LOX-1 signaling 
pathway in atherosclerotic rats, thereby reducing 
endothelial dysfunction and delaying atherosclerotic 
lesions. Similar results were obtained in experiments on 
human vascular endothelial cells [46].

3.1.4. Curcumin, 10-dehydrogingerdione, and 
sugarcane extract 
Continuous administration of curcumin, an extract 
from ginger, for 12 weeks significantly reduced the 
levels of PCSK9, ICAM1, and VCAM1 in rabbits 
with hyperlipidemia, thereby reducing atherosclerotic 
lesions by decreasing the inflammatory response [47]. 
Another ginger extract, 10-dehydrogingerdione, has 

a significant inhibitory effect on PCSK9. Compared 
with atorvastatin treatment, 10-dehydrogingerdione 
was able to significantly reduce the levels of TNF-α 
and soluble P-selectin in rabbits, inhibiting macrophage 
migration and endothelial cell inflammatory infiltration 
[48–50]. The sugarcane extract, when used alone or in 
combination with 10-dehydrogingerdione, can also 
reduce P-selectin levels [51]. These findings suggest 
that 10-dehydrogingerdione and sugarcane extract can 
effectively reduce the inflammatory response, platelet 
activation, and endothelial dysfunction in atherosclerosis 
by inhibiting PCSK9.

3.1.5. Ginkgolide B 
Ginkgolide B, a natural platelet-activating factor 
antagonist extracted from ginkgo leaves, can participate 
in lipid metabolism by inhibiting PCSK9. Cell 
experiments have confirmed that ginkgolide B reduces 
the inflammatory cascade reaction induced by ox-LDL 
in human vascular endothelial cells by inhibiting PCSK-
9, including down-regulating ICAM1 and VCAM1 levels 
and inhibiting the mRNA and protein expression of IL-a, 
IL-1β, IL-6, and MCP-1 [52].

3.1.6. Naringin and hesperidin 
Naringin and hesperidin are mainly found in the fruits, 
peels, and pulp of Rutaceae plants, which are often 
used as traditional Chinese medicines such as Chenpi, 
Qingpi, Zhishi, and Zhiqiao. A systematic review and 
meta-analysis showed that naringin can lower blood 
lipids through PCSK9. Other studies have confirmed 
its inhibitory effects on nuclear factor kappa B, IL-6, 
TNF-a, ICAM1, and VCAM1 [53]. However, it remains 
unclear whether it acts through the inflammatory response 
pathway of PCSK9. On the other hand, hesperidin can 
inhibit the activation of PCSK9 and nuclear factor kappa 
B by binding to their sites, reducing the expression of 
TNF-a, IL-1B, and IL-10 mRNA, thereby reducing the 
pro-inflammatory effects of diesel exhaust particles on 
the blood vessels of Wistar rats [54].

3.1.7. Others 
Rhein, an extract from rhubarb, can significantly reduce 
the expression of PCSK9, IL-1β, and IL6 mRNA, as well 
as neutrophil migration and recruitment in a zebrafish 
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model fed with a high-fat diet, thereby improving 
inflammatory responses [55]. Tanshinone IIA is an 
active compound isolated from the traditional Chinese 
medicine Danshen. It has inhibitory effects on markers 
of inflammatory responses in atherosclerosis, including 
PCSK9, TLR4, nuclear factor kappa B, TNF-a, IL-
1B, IL-6, and MCP-1 [56]. Evodiamine can reduce 
the expression of PCSK9 [57] and inhibit endothelial 
inflammatory responses through the TLR4/nuclear 
factor kappa B pathway [58]. Resveratrol, an extract 
from Polygonum cuspidatum, can inhibit PCSK9 
expression in hyperlipidemia mouse and hamster 
models [59], reduce NLRP3 and IL-1β levels, alleviate 
pyroptosis of vascular smooth muscle cells, and exert 
anti-atherosclerotic effects [60]. Similar drugs include 
Astragalus polysaccharides [61,62] and total flavonoids from 
hawthorn leaves [63,64]. However, these drugs lack analysis 
of the relationship between inflammatory responses and 
effects after PCSK9 inhibition, so whether they exert 
anti-inflammatory effects through PCSK9 remains to be 
further confirmed.

3.2. Compound Chinese medicines
3.2.1. Shoushen granules
Shoushen granules can significantly reduce the levels of 
PCSK9, TLR4, nuclear factor kappa B in the aorta, and 
serum levels of TNF-a, IL10, MCP-1, and ICAM1 in 
ApoE knockout mice fed with a high-fat diet. Compared 
with atorvastatin, Shoushen granules have a similar lipid-
lowering effect, but there are no significant changes 
in the aforementioned inflammatory markers with 
atorvastatin. This confirms that Shoushen granules can 
inhibit the occurrence and development of atherosclerosis 
by interfering with the PCSK9-mediated TLR4/nuclear 
factor kappa B inflammatory response pathway [65].

3.2.2. Qizhi Tongmai granules
According to research by Song et al. (2021) [66], 
the empirical prescription Qizhi Tongmai granules 
(composed of processed Astragalus, leech powder, Panax 
notoginseng, red yeast rice, and Erigeron breviscapus) 
can reduce the levels of PCSK9, VCAM1, and ICAM1 
in rats with coronary heart disease, indicating that it 
may inhibit atherosclerosis by regulating the expression 
of proteins related to the PCSK9/LDLR and VCAM-1/

ICAM-1 signaling pathways.

3.2.3. Blood Vessel Softening Pills 
Kong et al. (2021) [67] discovered the anti-atherosclerotic 
effects of Blood Vessel Softening Pills (composed of 
hawthorn, medicated leaven, pearl, ochre, radish seed, 
Poria cocos, goji berry, dried tangerine peel, forsythia, 
turmeric, Panax notoginseng, and processed pinellia 
tuber) that compared with the model group, the PCSK9 
mRNA and protein expression levels, as well as serum 
TNF-a and IL-6 levels, were significantly reduced in the 
Blood Vessel Softening Pill group. This suggests that 
Blood Vessel Softening Pills may indirectly regulate very 
low-density lipoprotein receptors by targeting PCSK9, 
inhibiting vascular inflammatory responses, and reducing 
smooth muscle cell damage.

3.2.4. Other compound Chinese medicines 
Related studies have shown that traditional Chinese 
medicine compounds such as Diao Xin Xue Kang, 
Bu Yang Huan Wu Tang, and He Dan Pian, which are 
used to eliminate phlegm and resolve blood stasis, have 
inhibitory effects on PCSK9 [68–71]. Theoretically, they can 
interfere with PCSK9-mediated inflammatory response 
damage, but relevant studies lack simultaneous detection 
of inflammatory markers and correlation analysis. 
Although some studies have shown that the above-
mentioned traditional Chinese medicine compounds can 
exert anti-inflammatory effects by interfering with the 
TLR4/nuclear factor kappa B pathway or downstream 
inflammatory response markers [72–74], it is still unclear 
whether this is mediated by PCSK9. Zhang (2022) [75] 
found in an experimental study using a PCSK9 inhibitor 
as a control group that the Huotan Jiedu Tongluo formula 
(composed of full-grown snakegourd fruit, angelica, 
rhodiola, nardostachys, figwort, salvia, honeysuckle, 
leech, and licorice) had similar effects to the control group 
in reducing NLRP3, IL-1β, and TNF-a levels in mice with 
atherosclerotic vulnerable plaques. However, PCSK9 
levels were not measured in the observation group, so 
it is unclear whether the effect is mediated by inhibiting 
CPSK9. Studies have confirmed that Lu Huang granules 
can reduce PCSK9 and IL-6 levels [76,77], but there is also 
a lack of correlation analysis.
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4. Summary
Basic research has fully confirmed that atherosclerosis 
(AS) is an inflammatory disease, yet clinical evidence 
for the anti-inflammatory effects of related drugs remains 
scarce. PCSK9 exhibits pleiotropic effects, functioning 
not only in lipid regulation and participating in lipid-
driven inflammatory responses but also as an independent 
inflammatory mediator. These roles often involve cascade 
reactions, forming an inflammatory network or cascade. 
Therefore, PCSK9 may represent a novel target for anti-
inflammatory therapy.

PCSK9 inhibitors have demonstrated corresponding 
anti-inflammatory effects and shown benefits independent 
of blood lipids. However, some studies indicate that 
their impact on systemic inflammatory markers is 
not significant, possibly due to the targeted effects of 
PCSK9 on plaque tissue, monocytes, macrophages, 
endothelial cells, and vascular smooth muscle cells. 
More experimental evidence is needed to confirm these 
findings. On the other hand, while the clinical benefits 
of PCSK9 inhibitors are relatively clear, clinical research 
related to their mediation of inflammatory responses 
remains limited. Obtaining direct evidence in clinical 
settings may be challenging, particularly due to their local 
targeting properties.

Traditional Chinese medicine (TCM) represents a 
natural treasure house for PCSK9 inhibitor discovery. 
On one hand, there is an expectation to uncover more 

novel PCSK9 inhibitors from TCM; on the other hand, 
further exploration of their mechanisms of action is 
needed. TCM, especially non-monomeric drugs or 
compound preparations, often exhibit multi-target and 
multi-site mechanisms. Their role in PCSK9-related 
inflammatory responses remains unclear. Studies have 
confirmed their inhibitory effects on both PCSK9 and 
AS-related inflammatory markers, but research on the 
correlation between the two is lacking. The mediation 
of inflammatory responses may occur through several 
pathways: 

(1) Directly inhibiting inflammatory responses via 
non-PCSK9 and non-lipid pathways; 

(2) Inhibiting lipid metabolism-related inflammatory 
responses independent of PCSK9; 

(3) Intervening in lipid metabolism-related 
inflammatory responses through the PCSK9 pathway 
without mediating PCSK9’s independent inflammatory 
pathway; 

(4) Mediating direct inhibition of both PCSK9 and 
inflammatory responses, either separately or together.

In conclusion, PCSK9-mediated inflammatory 
responses play a crucial role in the development and 
progression of AS, potentially opening up a new field of 
AS inflammatory response therapy. Simultaneously, it 
represents a novel target for researching the mechanistic 
action of TCM in the treatment of AS.
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