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Independent association of
PCSK9 with platelet reactivity in
subjects without statin or
antiplatelet agents

Shuai Wang†, Di Fu†, Huixing Liu and Daoquan Peng*

Department of Cardiovascular Medicine, Second Xiangya Hospital of Central South University,

Changsha, China

Background and aims: Proprotein convertase subtilisin/kexin type 9 (PCSK9)

levels could predict cardiovascular event in patients with well-controlled

LDL-C levels, suggesting an LDL-independent mechanism of PCSK9 on the

cardiovascular system. Accumulating evidence suggests PCSK9 might be

associated with increased platelet reactivity. This study aimed to assess the

relationship between PCSK9 levels and platelet reactivity in subjects not taking

statins or antiplatelet agents.

Methods: A cross-sectional study was conducted to investigate the

independent contribution of PCSK9 to platelet activity by controlling for the

potential confounding factors. The study population included 89 subjects from

a health examination centre who underwent routine annual health check-ups

or had an examination before a selective operation. Subjects taking statins

or antiplatelet agents were excluded. Adenosine diphosphate (ADP)-induced

platelet aggregation was determined by PL-11 platelet analyzer using

impedance aggregometry and plasma PCSK9 levels were determined using

an ELISA. Serum Lipid profile was assessed by measuring the concentration

of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and

triglyceride (TG), with low-density lipoprotein cholesterol (LDL-C) being

directly measured using enzymatic techniques. The association between

PCSK9 and platelet reactivity was investigated.

Results: The study subjects were composed of 53 males and 36 females

with an average age of 55 (±11) years old. The univariate correlation analysis

showed significant correlation between ADP-induced maximal aggregation

rate (MAR) and PCSK9 (r = 0.55, p < 0.001) as well as TC (r = 0.23, p = 0.028),

LDL-C (r = 0.27, p < 0.001), and PLT (r = 0.31, p = 0.005). Being male (41.2%

vs. 46.6, p = 0.04) and smoking (37.4 vs. 46.2%, p = 0.016) were associated

with lower ADP-induced MAR than being female and non-smoking. However,

there is no correlation between PCSK9 and AA-induced platelet maximal

aggregation rate (r= 0.17, p= 0.12). Multiple regression analysis suggested that

PCSK9 contributed independently to ADP-induced maximal aggregation rate

(β = 0.08, p = 0.004) after controlling for the e�ect of TC, LDL-C, PLT, being

male, and smoking.
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Conclusions: PCSK9 is positively associated with platelet reactivity, whichmay

partly account for the beneficial e�ect of PCSK9 inhibition in reducing the risk

of major adverse cardiovascular events after acute coronary syndrome (ACS).

KEYWORDS

proprotein convertase subtilisin/kexin type 9, platelet aggregation, ADP, cross-

sectional study, impedance aggregometry

Introduction

Atherosclerotic cardiovascular disease (CVD) is a major

cause of disease burden. Platelets have an important role in

coronary thrombosis pathogenesis and atherogenesis.

Studies have shown that platelet activity varies greatly among

individuals. It could explain the variability in the risk for

CVD (1–4). Prior clinical studies found an association between

platelet activity and incident cardiovascular morbidity and

mortality (5, 6). Hypercholesterolemia and its induced reactive

oxygen species production can activate platelets (7–9). However,

the molecules through which platelets become hyperactive

remain not fully understood.

Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9),

mainly synthesized by the liver, kidney, and small intestine,

bind and inhibit low density lipoprotein receptor (LDLR)

recircularization by promoting its degradation in the lysosomes

and consequently increase low density lipoprotein (LDL)

particles in the circulation (10). Regulation of cholesterol-rich

LDL level is not the only role that PCSK9 has in atherosclerosis

pathogenesis. In prospective cohort studies, plasma PCSK9

level was correlated with enhanced atherosclerosis progression

and elevated probability of future cardiovascular events

independently of LDL plasma levels, suggesting alternative roles

for PCSK9 in the pathogenesis of atherosclerosis (11, 12).

A relationship between PCSK9 plasma levels and total

number of circulating platelets has been reported in

patients with stable coronary artery disease (13). A strong

correlation between PCSK9 levels and platelet reactivity

was also revealed in patients with recent acute coronary

syndromes who underwent coronary intervention and

received P2Y12 inhibitors (14). However, statin use could

increase PCSK9 levels and antiplatelet drugs could affect

platelet activity in CAD patients (15, 16). In another study,

human recombinant PCSK9 added to healthy human plasma

significantly increased platelet aggregation when stimulated

with epinephrine (17). But the concentration of human

recombinant PCSK9 used in an in-vitro study was much higher

than the physiological concentration in humans. Therefore,

the naive correlation between plasma PCSK9 and platelet

reactivity in subjects without lipid lowering or antiplatelet drugs

is not known.

In the present study, we revealed a correlation between

plasma PCSK9 and platelet reactivity when stimulated by agonist

adenosine diphosphate (ADP) in vitro in healthy subjects

without lipid-lowering or antiplatelet drugs. The ADP-induced

maximal aggregation rate of platelets was 15.8% higher in

patients with highest tertile PCSK9 value than the patients

in the lowest tertile. Additionally, we found that PCSK9 was

independently correlated to platelet activity after adjusting for

low density lipoprotein cholesterol (LDL-C) and platelet (PLT)

count. The results of this study provide another piece of evidence

on the correlation between PCSK9 and platelet activity in

healthy subjects.

Methods

Study population and design

This study is a cross-sectional, single center clinical study.

Eighty-nine subjects who underwent routine annual health

check-ups or had an examination before a selective operation

were enrolled from a health examination center. Inclusion

criteria were: 1) aged between 18 and 80 years and 2) obtained

signed informed consent. The exclusion criteria were subjects

with atherosclerotic cardiovascular disease (ASCVD), malignant

tumor, renal dysfunction, liver dysfunction, thyroid disease,

autoimmune disease, or coagulation disorders. Subjects who had

lipid lowering drugs or antiplatelet drugs in the past 3 months

before screening were excluded. Hypertension and diabetes were

defined as being present when an individual self-reported a

health professional’s diagnosis and was using associated drugs.

Written informed consent was obtained from each patient

included in the study. The study protocol conforms to the ethical

guidelines of the 1975 Declaration of Helsinki and the study

protocol has been priorly approved by the ethics committee of

Second Xiangya Hospital on research on humans.

Assessment of platelet reactivity

A blood sample was withdrawn after overnight fasting

and analyzed for platelet reactivity within 2 h. Whole blood
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aggregation was determined using PL-11 platelet analyzer

(SINNOWA, Nanjing). The system detects the electrical

impedance change due to the adhesion and aggregation of

platelet on two independent electrode-set surfaces. Sodium

citrate was used as an anticoagulant; adenosine diphosphate and

arachidonic acid were used as agonists. A 1:9 dilution of whole

blood anticoagulated with sodium citrate and 0.9% NaCl was

stirred at 25◦C. ADP 5 0µmol/L and arachidonic acid (AA) 2

mg/mL were added.

Assessment of PCSK9 serum levels

Blood samples were collected after overnight fasting and

the samples were stored at −80◦C until analysis. Plasma

PCSK9 concentration was determined by a sandwich enzyme-

linked immunosorbent assay (ELISA). Commercial PCSK9

(Quantikine ELISA, R&D systems Inc.) ELISA kits were used to

quantify the concentrations of them.

Statistical analysis

For clinical data, continuous data are expressed as mean

and standard deviation for normally distributed data or median

and interquartile range for non-Gaussian data distribution. For

comparison of variables between different groups of tertile

PCSK9 values, one-way ANOVA test was used for normally

distributed data, with LSD performed for multiple comparisons.

Kruskal-Wallis test was used for non-Gaussian distributed data.

The distribution of data was examined with the Kolmogorov-

Smirnov test. Categorical variables are presented as percentages

of subjects and were compared using Pearson X2 or Fisher’s

exact tests, as appropriate. The correlation between PCSK9,

other lipid parameters, PLT, and platelet activity was evaluated

by Spearman’s rank test. Continuous PCSK9 levels were

categorized into tertiles of equal size to assess the association

with ADP-induced maximal aggregation rate (MAR). Platelet

reactivity abovemean value was classified as higher. Multivariate

linear regression was used to assess the association between

PCSK9 levels and ADP-induced MAR. Unstandardized B and

p-values were used to present results of the linear regression

model. Adjusted R square and p-values were used to present

for goodness of fit of the multivariate linear regression. All

tests were two-sided; a p < 0.05 was considered statistically

significant. Calculations were performed using SPSS version 26.0

(IBM Corporation, Chicago, USA).

Results

Study population

Between 2020 and 2021, 89 subjects, including 53 male and

36 female with an average age of 55 (±11) years, were recruited

at Second Xiangya hospital. All subjects had not taken statins

or antiplatelet agents before. Baseline clinical characteristics,

comorbidities, and laboratory tests of participants according to

tertile of PCSK9 are summarized in Supplementary Table 1.

Factors correlate with platelet reactivity

Correlation analysis including all characteristic parameters

revealed a significant correlation of ADP-induced MAR with

total cholesterol (TC) (r = 0.23, p = 0.028), LDL-C (r = 0.27,

p <0.001), and PLT (r = 0.312, p = 0.005). No significant

correlation was found between ADP-inducedMARwith age and

other lipid parameters including plasma triglyceride (TG), high-

density lipoprotein cholesterol (HDL-C), nonesterified fatty

acid (NEFA), apolipoprotein A, [apo(A)], and apolipoprotein B

[apo(B)] (Figure 1).

A significantly higher ADP-induced MAR was also observed

in females compared to males (46.6 ± 11.1% vs. 41.2 ± 11.7%,

p = 0.039) and in non-smoking subjects (46.2 ± 11.4% vs. 37.4

± 11.4%, p = 0.016) in comparison to smokers. No significant

difference in ADP-induced MAR was found in subjects with or

without hypertension and diabetes (Figure 2).

Plasma total cholesterol, low density
lipoprotein cholesterol, and platelet
reactivity

In accordance with correlation analysis, a significantly

higher ADP-induced MAR was observed in subjects with higher

TC level (TC≥3.64 mmol/L:46.8 ± 10.3% vs. TC<3.64 mmol/L:

40.7 ± 12.1%, p = 0.013; Figure 3A). On the other hand,

subjects with ADP-induced MAR higher than the mean value

had significantly higher TC level (3.88± 0.90 mmol/L vs. 3.44±

0.72 mmol/L, p= 0.013; Figure 4A).

Although no significant difference of ADP-induced MAR

was observed between tertile LDL-C groups or between high

vs. low LDL-C groups according to mean value (Figure 3B),

those who had higher platelet reactivity had significantly higher

LDL-C levels (2.51 ± 0.72 mmol/L vs. 2.13 ± 0.57 mmol/L;

Figure 4B).

Platelet count and platelet reactivity

In line with the correlation analysis, ADP-inducedMARwas

significantly higher in subjects with higher PLT (PLT≥220.6 ×

1012/L: 47.6 ± 12.3% vs. PLT<220.6 × 1012/L: 39.4 ± 9.8%;

Figure 3C). Vise versa, those who had higher platelet reactivity

also had significantly higher PLT [ADP-induced MAR≥mean

(43.7%): 248.4 ± 71.9 × 1012/L vs. ADP-induced MAR<43.7%:

201.7± 93.0× 1012/L] (Figure 4C).
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FIGURE 1

Correlation analysis. Univariate linear correlation analysis of subject characteristics including age (A), TC (B), TG (C), LDL-C (D), HDL-C (E), NEFA

(F), apoA (G), apoB (H), and PLT (I) with ADP-induced platelet maximal aggregation rate (MAR).

FIGURE 2

ADP-induced platelet aggregation stratified by Sex and Comorbidities. ADP-induced platelet maximal aggregation rate (MAR) in healthy subjects

stratified by Sex (A), Hypertension (B), Smoking (C), and Diabetes (D). *: P < 0.0332, ns: P > 0.1234.
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FIGURE 3

ADP-induced platelet aggregation stratified by TC, LDL-C, and PLT. ADP-induced platelet maximal aggregation rate (MAR) in healthy subjects

stratified by TC (A), LDL-C (B), and PLT (C). *: P < 0.033, **: P < 0.002, ns: P > 0.1234.

FIGURE 4

TC, LDL-C, and PLT stratified by low and high ADP-induced platelet aggregation rate. Comparison of (A) Serum TC level, (B) serum LDL-C level,

and (C) PLT in subjects with ADP-induced maximal platelet aggregation rate (MAR) lower and higher than mean value. *: P < 0.033,

**: P < 0.002, ns: P > 0.1234.

Plasma PCSK9 concentration and platelet
reactivity

Analysis of the correlation between plasma PCSK9

concentration and baseline characteristics revealed that PCSK9

concentration was not correlated with age. Except for LDL-C (r

= 0.23, p = 0.03), PCSK9 concentration was not significantly

correlated with other lipid parameters. A higher plasma PCSK9

was observed in subjects with hypertension (246.1 ± 53.8 vs.

207.6 ± 57.0, p = 0.03) and in non-smoking subjects (221.8 ±

58.6 vs. 185.8 ± 43.3, p = 0.043). No significant difference in

PCSK9 level was observed between females and males, nor in

subjects with and without diabetes (Supplementary Figure 1).

A direct linear correlation was found between increased

plasma PCSK9 levels and adenosine diphosphate (ADP)-

induced maximal aggregation rate (MAR) (r = 0.555, p<0.001;

Figure 5A). This correlation was also observed in both female

and male subgroups despite difference in ADP-induced MAR

between sex (Figures 5B,C).

The distribution of ADP-induced MAR between subgroups

of subjects with different PCSK9 value exhibited a trend of

increment when PCSK9 increase (Supplementary Figure 2A).

Vice versa, the distribution of PCSK9 in subjects with higher

ADP-induced MAR above the mean value compared to subjects

with low ADP-induced MAR showed a correlation with high

PCSK9 level (Supplementary Figure 2B).

When assessed according to tertile values of PCSK9, there

was a significant increase in ADP-induced MAR in the 2nd-

tertile compared to 1st-tertile (43.5 ± 11.7% vs. 35.0 ± 7.6%;

p<0.001). In addition, an increase of ADP-induced MAR was

observed in the 3rd-tertile compared to 2nd-tertile (48.7± 9.3%

vs. 43.5 ± 11.7%; p = 0.035; Figure 5D). On the other hand,

subjects with high ADP-induced MAR had significantly higher

plasma level of PCSK9 (Figure 5E).

Frontiers inCardiovascularMedicine 05 frontiersin.org

https://doi.org/10.3389/fcvm.2022.934914
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Wang et al. 10.3389/fcvm.2022.934914

FIGURE 5

Association between proprotein convertase subtilisin/kexin type 9 (PCSK9) levels and ADP-induced platelet maximal aggregation rate (MAR). (A)

Univariate linear correlation analysis of serum PCSK9 with ADP-induced MAR. (B,C) The correlation of serum PCSK9 with ADP-induced MAR was

stratified by sex. (D) Comparison of ADP-induced MAR in subject with di�erent PCSK9 according to tertile value. (E) Comparison of serum

PCSK9 in subjects with ADP-induced MAR lower and higher than mean value. ****: P < 0.0001.

TABLE 1 Univariate linear regression analysis regarding the

association of ADP-induced MAR and characteristics.

Variate Univariate

β p-value

PCSK9 0.089 <0.001

TC 3.254 0.028

LDL-C 4.779 0.009

PLT 0.041 0.005

Sex −4.026 0.096

Smoking −8.832 0.016

ADP, Adenosine diphosphate; PCSK9, Proprotein Convertase Subtilisin/Kexin Type 9;

MAR, maximal aggregation rate; TC, total cholesterol; LDL-C, low density lipoprotein-

cholesterol; PLT, platelet.

Plasma PCSK9 level was not associated with AA-induced

platelet aggregation in the correlation analysis. In addition, AA-

induced platelet MARwas not different according to tertile value

of PCSK9. Plasma PCSK9 concentration in subjects with high

ADP-induced MAR was similar compared to those with low

ADP-induced MAR (Supplementary Figure 3).

Univariate and multivariate linear
regression analysis

In univariate linear regression analysis, PCSK9 (β = 0.089,

p<0,001), TC (β = 3.254, p =0.028), LDL-C (β = 4.779, p =

0.009), PLT (β = 0.041, p = 0.005), and smoking (β = −8.832,

p = 0.016) were factors that could significantly predict the

value of ADP-inducedMAR (Table 1). Inmultivariate regression

analysis, only parameters of covariates that were retained in the

model during stepwise elimination procedure are included in

model 2. PCSK9 (β = 0.09, p = 0.001), LDL-C (β = 4.81, p =

0.046), and PLT (β = 0.05, p = 0.005) were found to predict

ADP-induced MAR. The adjusted R2 of the multivariate model

was 0.284, p<0.001 (Table 2).

Discussion

The role of PCSK9 in altering plasma LDL-C via PCSK9-

LDLR axis has been well established; recent studies have

suggested a possible role of PCSK9 in regulating platelet

function. Our study is the first to confirm an independent and
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TABLE 2 Multivariate linear regression analysis of the association of

ADP-induced MAR and variables.

Variables Model 1 Model 2

(adjusted R2 0.27, (adjusted R2 0.284,

p = 0.002) p = 0.001)

β p-value β p-value

PCSK9 0.08 0.004 0.09 0.001

TC −2.92 0.591 / /

LDL-C 7.58 0.236 4.81 0.046

PLT 0.04 0.073 0.05 0.005

Sex −0.63 0.83 / /

Smoking −4.73 0.262 / /

ADP, Adenosine diphosphate; PSCK9, Proprotein Convertase Subtilisin/kexin Type 9;

MAR, maximal aggregation rate; TC, total cholesterol; LDL-C, low density lipoprotein-

cholesterol; PLT, platelet.

positive correlation between PCSK9 level and platelet reactivity

in populations without established CVD, who did not take statin

or antiplatelet agents.

Platelet reactivity refers to the degree of the response

of blood platelets to an external stimulus. Agonists such as

ADP and collagen activate platelets by binding to specific

receptors that are presented on the platelet surface membrane.

Platelet activation leads to an increase of intra-cytoplasmatic

concentration of calcium and platelet shape change, enabling

platelets to interact with each other and aggregate (18). On

the other hand, platelet activation induces conformational

changes in GPIIb/IIIa that transform it into its fibrinogen

binding form through activating phospholipase Cβ (PLCβ) or

phospholipase Cγ (PLCγ) (19). The receptor-bound fibrinogen

connects two GPIIb/IIIa molecules on nearby platelets. This

process is the final common pathway of agonist-induced platelet

aggregation (20).

Platelet aggregation is modified by activating and

inactivating biomolecules and conditions. Some components

circulating in the blood can potentiate the activation

process in the presence of a strong agonist. For example,

adrenaline lowers cytosolic cAMP levels and augments platelet

activation; insulin-like growth factor I and thrombopoietin

enhance platelet activation via phosphatidylinositol 3-

kinase (PI3K) signaling pathway (21). Diabetes mellitus

and states of increased vascular stress might increase the

responsiveness of platelets to agonists (22). On the other

hand, bioactive mediators released from endothelial cells,

such as prostaglandin I2 (PGI2), prostaglandin E2 (PGE2),

and nitric oxide (NO), were negative platelet-priming

substances (23). A study indicated that polyunsaturated

fatty acid products of 12-lipoxygenase can also hamper

platelet activation (24).

Measurement of platelet aggregation in platelet-rich plasma

using light transmission aggregometry (LTA) is considered

the “gold standard” for measurement but is complex and

technically demanding. Newer approaches to measuring platelet

aggregation uses impedance aggregometry, which is based on the

measurement of the electrical resistance between two electrodes

immersed in stirred whole blood. As platelets aggregate and

bind to the electrodes, there is a change in electrical impedance

that corresponds to the degree of aggregation that has occurred.

Therefore, it is deemed to be more physiological than studies

performed in platelet-rich plasma (25).

ADP is one of the major components released from

activated platelets and it acts as an agonist at two platelet

purinergic G-protein coupled receptors—the Gq-coupled P2Y1

and Gi-coupled P2Y12 receptor. While P2Y1 activation is

responsible for intracellular calciummobilization, shape change,

and initiation of aggregation, the P2Y12 receptor is responsible

for the completion of the aggregation to ADP (26). In the

present study we found that ADP-induced platelet aggregation

was associated with PLT, PCSK9, and LDL-C in multivariate

regression model.

In multivariate regression analysis, ADP-induced platelet

aggregation was associated with PLT, which has been described

previously in patients after recent coronary stent-implantation

and on dual-antiplatelet therapy (27).

Previous studies have found a correlation between plasma

PCSK9 and platelet reactivity in patients with coronary artery

disease and hypercholesterolemia. In a cohort of stable coronary

artery disease patients, plasma PCSK9 levels were positively

correlated with the platelet count and plateletcrit (13). The

PCSK9-REACT study found that, in patients with a recent

acute coronary syndrome (ACS) undergoing percutaneous

coronary intervention and receiving P2Y12 inhibitor, there

was a direct association between PCSK9 plasma level and

high-on-treatment platelet reactivity (14). In patients with

hypercholesterolemia who received background statin and

acetyl salicylic acid therapy, platelet function parameters were

significantly reduced after 12 months of treatment with

the monoclonal antibody (mAb) anti-PCSK9 alirocumab or

evolocumab (28). However, in these studies, use of statin and

aspirin will affect both the plasma PCSK9 level and platelet

activity (15, 16). In our study, a significant association of

PCSK9 with increased ADP-induced MAR was detected in

healthy subjects without statin and antiplatelets. Importantly,

this association was significant even after adjusting for

other covariates.

Similar to a previous study in CAD, platelet reactivity

correlated with plasma LDL-C level in the present study

(29, 30). Hypercholesterolemia may influence platelet reactivity

through several mechanisms. 1) Formation of ox-LDL,

which was induced by high LDL-C, could activate platelets

by binding with CD36 and LOX-1 receptors (31–33). 2)
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Cholesterol incorporation in plasma membranes induces

platelet hypersensitivity to stimuli, whereas its depletion

strikingly reduces platelet reactivity (34–36). However, PCSK9

correlated with platelet reactivity after adjusting LDL-C level

in multivariate linear regression in our study, suggesting

PCSK9 may affect platelet activity through a lipid-lowering

independent mechanism. A recent study found PCSK9

can directly enhance agonist-induced platelet activation by

binding to platelet CD36 and thus activating Src kinase and

MAPK-extracellular signal-regulated kinase 5 and c-Jun

N terminal kinase, increasing the generation of reactive

oxygen species and activating the p38MAPK/cytosolic

phospholipase A2/cyclooxygenase-1/thromboxane A2

signaling pathway (10).

Another finding of this study is AA-induced platelet

aggregation was not correlated to plasma PCSK9. Arachidonic

acid is derived from membrane phospholipids through

phospholipase A2 (PLA2). AA is transformed into prostaglandin

G2 and prostaglandin H2 by cyclooxygenase-1(COX-1),

then transformed into TXA2, which is a strong activator

of platelets. Our finding suggests PCSK9 does not affect

PLA2/Cox-1/TXA2 pathway.

The limitation of the present study is its cross-sectional

nature. The findings of our study could only indicate

associations, not causality. Another limitation is the relatively

small sample size of the population.

Conclusions

In summary, PCSK9 levels are associated with platelet

activation in subjects not taking statins or antiplatelet

agents. Subjects with increased concentration of PCSK9 have

significantly higher platelet activation. The finding of this study

provides additional evidence of the correlation between PCSK9

level and platelet activation beyond CVD patients. Future

studies are warranted to further elucidate the role of PCSK9 as a

risk factor for ASCVD.
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