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ABSTRACT

Background and Aims: In the association between hypercholesterolemia (HC) and thrombotic
risk platelet hyper-reactivity plays an important role. The inhibition of proprotein convertase
subtilisin/kexin type 9 (PCSK9) to reduce plasma LDL-cholesterol merges as effective
therapeutic strategy to prevent cardiovascular (CV) events. Aim of this study was to verify
whether a treatment up to 12 months with the monoclonal antibodies (mAbs) anti-PCSK9
influences platelet function in primary HC.

Methods and Results: In patients affected by primary HC (n=24), all on background of statin
and 17 on acetyl salicylic acid (ASA), platelet function parameters were evaluated at baseline
up to 12 months of treatment with the mAb anti-PCSK9 alirocumab or evolocumab.

From baseline, the treatment with anti-PCSK9 mAbs: i) in ASA HC patients, significantly
decreased platelet aggregation detected in platelet-rich plasma by light transmission
aggregometry and in whole blood Platelet Function Analyzer-100 assay ; ii) in all HC patients,
significantly decreased platelet membrane expression of CD62P and plasma levels of the in
vivo platelet activation markers soluble CD40 Ligand, Platelet Factor-4, and soluble P-
Selectin. Furthermore, CD62P expression, and sP-Selectin, PF-4, sCD40L levels significantly
correlated with serum PCSKO.

Conclusion: Besides markedly lowering LDL-c levels, our results suggest that HC patients
benefit from PCSK9 mAb treatment also for reducing platelet reactivity and increasing
platelet sensitivity to the inhibitory effects of aspirin. These effects on platelets could play a

role in the reduction of CV event incidence in patients treated with PCSK9-inhibitors.

Keywords: platelets, hypercholesterolemia, PCSK9, acetyl salicylic acid.



INTRODUCTION

The correction of elevated circulating levels of low-density lipoprotein cholesterol (LDL-c)
remains an unequivocal way to reduce cardiovascular (CV) risk [1] and strategies focusing in
its prevention include lifestyle changes and new drugs. The inhibition of proprotein
convertase subtilisin/kexin type 9 (PCSK9) to reduce plasma LDL-c is a new approach for the
treatment of hypercholesterolaemia (HC) and emerges as effective promising therapeutic
strategy to address the unmet clinical needs of achieving goal LDL-c levels for the majority of
patients with high CV risk. PCSK9 is a major regulator of LDL-c levels as it promotes the
degradation of hepatic LDL-c receptors, thus its inhibition causes an increase of LDL
receptor activity and more circulating LDL-c is removed [2].

In Europe, alirocumab and evolocumab, two fully human anti-PCSK9 mAbs, in addition to
diet and maximum tolerated statin therapy, are approved as agents available for use in adults
with familial and non-familial HC or mixed dyslipidaemia who do not achieve target LDL-c
with other lipid-lowering medication and in patients with statin intolerance [3]. Data from
randomized controlled trials aimed at evaluating the impact of PCSK9 mAbs on CV outcomes
showed clinical benefit for both evolocumab [4] and alirocumab [5] in patients at high risk.
The association between HC and the development of a prothrombotic environment due, at
least in part, to increased platelet biogenesis, turnover and activity is not new. Multiple
mechanisms are involved in the increased platelet activation [6,7].. Activated platelets interact
with endothelial cells of inflamed or atherosclerotic arteries and release platelet factors that
trigger inflammatory reaction of endothelial cells and/or facilitate leukocyte—endothelial
interactions. Given the fundamental role of platelets in mediating atherothrombosis,
antiplatelet drugs play a pivotal role in preventing and treating arterial thrombosis. Among
these, the cyclooxygenase-1 (COX-1) inhibitor acetylsalicylic acid (ASA) is a cornerstone of

therapy in high CV risk patients. ASA blocks the production of thromboxane (TX) A: via the



irreversible inhibition of COX-1, thereby inhibiting TXA:-induced platelet activation and
aggregation, and provides major benefits in secondary prevention, reducing the relative risk
of myocardial infarction by 25% [8]. However, in some individuals with HC the beneficial
ASA effects may be restrained because of a reduced ability of aspirin to protect against
thrombosis indicating that HC per se is likely to be linked to lower effects of ASA [9-11].
Statins have significantly reduced cardiovascular morbidity and mortality with platelet
actions attributable not only to lipid-lowering properties but also to their pleiotropic effects
[12-14] .

Similarly to statins, pleiotropic effects of PCSK9 inhibitors can be ascribed to their ability to
reduce vascular events independently of lipid metabolism [15]. Indeed, PCSK?9 inhibitors may
directly influence haemostatic system given that a direct correlation between PCSK9 levels
and high-on-treatment platelet reactivity [16] and effects on platelet activation [17] have been
found. The interplay between anti-PCSK9 therapy and platelet function in HC has not been
elucidated yet.

The objective of this study was to verify whether a treatment up to 12 months with anti-

PCSK9 mAbs influences platelet function in primary HC.



MATERIALS AND METHODS

Chemicals
Collagen and arachidonic acid (AA) were purchased from Mascia Brunelli Spa (Monza,
Milan, Italy). The other reagents, if not otherwise specified, were obtained from Sigma (St.

Louis, MO, USA).

Population and blood collection

We conducted a prospective, single center cohort study of 24 patients with primary HC
undergone treatment with anti-PCSK9 mAbs. The diagnosis of familial HC was established
on the basis of clinical characteristics and laboratory parameters; criteria to identify familial
HC firstly included the Dutch Lipid Clinic Network (DLCN) score [18] and patients with the
clinical suspect of primary HC were then referred for genetic testing. The genetic diagnosis of
familial HC were obtained by detecting promoter and coding DNA sequences and exon-intron
boundaries regions of the LDL-receptor (LDLR), apolipoprotein B (APOB), PCSKY9,
apolipoprotein E (APOE) and signal-transducing adaptor protein 1 (STAP1) genes. The
patients of this study were included in the LIPIGEN (Lipid TransPort Disorders Italian
Genetic Network) network and genetic testing of the appropriate candidate genes were
referred at one molecular diagnostic laboratory serving as nationwide DNA diagnostic center
[19].

Chronic infection, systemic autoimmune disease, diabetes, obesity, history of alcohol or

drug abuse, cancer or liver insufficiency were criteria of exclusion for enrolment in the study.



Patients were studied before and after being randomly allocated to receive either
alirocumab (150 mg every two weeks) (n=19) or evolocumab (140 mg every two weeks) (n=5).
Among them, 14 were taking ASA for previous cardiovascular events (100 mg/die). The
regularity of ASA intake (100 mg/day) was based on the carefully obtained medical history. A

normocholesterolemia (NC) group (n=21) served as controls.

All patients had received the maximum tolerated statin therapy before PCSK9 inhibitor
administration. Informed consent was obtained before investigation and Ethic Committee of
our Hospital approved the study.

A blood sample was collected before initiation of therapy (baseline) and after 2, 6 and 12
months (within 2 days from last injection). Blood samples were collected from the antecubital
vein and all measurements were performed after a 12-h overnight fast. Laboratory
parameters, including assessment of fasting glucose, total cholesterol, triglycerides, LDL-c,
high-density lipoprotein cholesterol (HDL-c), platelets were measured using routine
laboratory methods, performed by the central laboratory of our Hospital. Plasma and serum

were stored at —70°C until the analysis of the other circulating parameters.

Platelet sample preparation

For studies concerning platelet function, a venous blood sample was withdrawn without
stasis, and anticoagulated with 3.8% sodium citrate, pH 7.4 (vol/vol: 1/9) for aggregation
studies in platelet-rich plasma (PRP) or with citrate-dextrose solution (ACD; v/v, 1/6) for
experiments on washed platelets (WP). To prepare WP, the pellet was washed 2 times at 37 °C
in HEPES-Na buffer (10 mmol/LL. HEPES Na, 140 mmol/L NaCl, 2.1 mmol/L. MgS04, 10

mmol/L d-glucose, pH 7.4).



Platelet aggregation studies

Light transmission aggregometry (LTA) was measured in PRP using an eight-channel
aggregation system (Platelet Aggregation Profiler, Model PAP-8, BioData Corporation).
Aggregation was stimulated by adenosine diphosphate (ADP) (10 pmol/l), collagen (4 mg/l) or
AA (2 mmol/l). The aggregation was recorded for 5 min and the maximal aggregation

expressed as maximum percentage change in LTA.

Platelet reactivity in high shear-stress conditions

Platelet adhesion/aggregation under high shear stress conditions was evaluated in
whole blood (WB) samples by using Platelet Function Analyzer (PFA-100, Siemens
Healthcare Diagnostic Products GmbH, Marburg, Germany) [20], which measures the time,
named “closure time” (CT), needed to form a platelet plug within an aperture cut into a
platelet-reactive membrane coated with collagen plus epinephrine (CEPI) or collagen plus
ADP (CADP). PFA-100 test is FDA approved for detecting ASA responses within the CEPI
cartridge [21] and subjects were considered poor responder to ASA if CT with CEPI

cartridge was <193 seconds despite aspirin treatment, as suggested by the manufacturer.

CD62P expression

The expression of P-Selectin (CD62P) on platelet membrane was evaluated in the
absence and in the presence of ADP (10 pmol/l), collagen (4 mg/l) or AA (100 pmol/l) for 8
min. Samples were processed as previously described [22]. Briefly, WP samples were
incubated with fluorescein-conjugated mouse monoclonal anti-human P-selectin (CD62P)
(R&D Systems) antibody or control antibody (isotype control). Allophycocyanin-conjugated
mouse monoclonal anti-Human Integrin o2b/CD41 (R&D Systems) was used as positive

control for platelet identification. CD62P expression was determined by using CyAn



Advanced Digital Processor Analyzer (Beckman Coulter, Brea, California, United States) and

expressed as mean fluorescence intensity (MFI).

Assessment of circulating markers of platelet activation

The assessment of circulating markers of platelet activation consisted of the soluble
CD40 Ligand (sCD40L), Platelet Factor (PF)-4 and soluble P-Selectin (sP-Selectin).

All these soluble markers were measured in plasma samples by employing the
quantitative sandwich enzyme immunoassay technique from Cusabio Biotech Co. (College
Park, MD, USA). Absorbance of products at 450 nm was proportional to the amount of

analyte measured in the plasma sample.

Measurement of serum PCSK9 levels
To measure serum levels of PSCK9 a commercial kit (Human PCSK9 Simple Step Elisa Kkit,
Abcam, Cambridge, UK) was used. The intra- and inter-assay coefficients of variation were

estimated at 4.4% and 4.6%, respectively.

Statistical analysis

Of the 24 HC patients, three patients refused to continue the study after 8 weeks of treatment
with anti-PCSK9 therapy. Thus, with respect to baseline, the comparison analyses were
performed after 2 months for all patients (10 non-ASA, 14 on ASA) and after 6 and 12 months
for 21 patients (7 non-ASA, 14 on ASA). For comparison between variables belonging to
patients versus controls, unpaired Student t test for normally distributed data or Mann-
Whitney U test for non-Gaussian data distribution were used. Results concerning PFA-100
have been evaluated with the nonparametric Wilcoxon signed rank test. Analysis of variance

(ANOVA) for repeated measures with Bonferroni post hoc test or Wilcoxon signed-rank test,



as appropriate, were used to measure the within differences in platelet function and
biochemical parameters in patients. Pearson’s or Spearman correlation was used to examine
the significance of correlation between variables, as appropriate. All statistical analyses were
performed using SPSS 24.0 for Windows (SPSS Institute, Chicago, IL). All values in the text
and figures are expressed as mean £ SD or median (range), considering their distributions.

Results were significant when p<0.05.

RESULTS

The analysis performed for the genetic diagnosis showed that 18 patients were
heterozygotes carriers of mutation in the LDLR gene and 1 patient was heterozygote carrier
of mutation in the APOB gene. These mutations were classified as variants with clinical

implications for familial HC. Five patients were not positive for the investigated mutations.

Effects of treatment with anti-PCSK-9 mAbs on serum lipid profile

Complete lipid profile and other clinical parameters in NC subjects and in the whole cohort of
HC patients during the study are reported in Table 1.

In HC patients, the treatment with PCSK-9 inhibitors significantly lowered total cholesterol
(p<0.0001), LDL-c (p<0.0001) after 2 months of treatment without further significant
reduction. With respect to the PCSK9 inhibitor administrated, LDL-c levels, if compared with
baseline values, were reduced by: i) 55+5% (p<0.001) after 2 months, 53+6% (p<0.009) after 6
months, and 55+6% (p<0.01) after 12 months with alirocumab; ii) 63+£12% (p<0.05) after 2
months, 60+£8% (p<0.05) after 6 months and 78+5% (p<0.03) after 12 months with

evolocumab. Alirocumab and evolocumab did not significantly differ from each other for



their ability to reduce lipid parameters and did not change blood pressure, body mass index

(BMI), HDL-c, glucose and platelet throughout the study.

Effects of treatment with anti-PCSK-9 mAbs on platelet aggregation

In comparison with NC, at baseline: i) HC patients on ASA showed lower aggregation to ADP
(p<0.0001), collagen (p<0.0001) and AA (p<0.0001), thus indicating the aspirin effect on
platelet aggregability, ii) non-ASA patients showed a greater aggregability to ADP (p=0.004)
(Table 2). The effects of a treatment up to a one-year with anti-PCSK9 mAbs on platelet
aggregation in patients stratified by ASA treatment are shown in Fig.1.

In non-ASA HC patients platelet aggregations to ADP (Fig.1A), collagen (Fig.1B) or AA
(Fig.1C) did not significantly change during the study (versus baseline values, p=ns for each
agonist at 2, 6, 12 months). In ASA HC patients significant reductions of platelet aggregation
were observed starting at 2 months for collagen (p=0.002)(Fig.1B), and at 6 months in
response to ADP (p=0.01)(Fig.1A) and AA (p=0.03)(Fig.1C). Noteworthy, the quantitative
determination of platelet function triggered by AA, more than collagen and ADP, is specific
for measuring COX-1 activity as TXA: formed by AA metabolism is crucial for amplification
of platelet activation to drive secondary aggregation. In all ASA HC patients the significant
reduction of LTA-AA after PCSK9-inhibitors treatment suggests a decrease of COX-1
activity.

To explore the PCKS inhibitor effects on platelet aggregation in high shear stress conditions,
WB samples from HC patients were analysed by PFA-100. As shown in Table 2, at baseline,
PFA-100 CEPI CT values did not differ in non-ASA HC patients in comparison with NC
controls, whereas they were significantly higher in ASA HC patients (p<0.0001), as the
expected consequence of aspirin intake. From the beginning of therapy, a 2-month treatment

with anti-PCKS9 mAbs significantly increased PFA-100 CEPI CT (median from 160 to 300



seconds, p=008) in ASA HC patients (p=0.025), thus suggesting an improvement of the
inhibitory effects of aspirin on platelet response (Fig.1D). PFA-100 CT values measured at 6
and 12 months did not significantly change with respect to 2 months.

As expected, PFA-100 CADP CT values did not change in all HC subjects throughout the
study passing from 95.6+7 sec at baseline to 98.1+5 sec after 12 months of treatment with anti-
PCSK9 mAbs.

Platelet aggregation evaluated as LTA or PFA-100 in ASA HC assigned to take alirocumab or

evolocumab did not significantly differ each other at baseline and during the study.

Effects of treatment with anti-PCSK-9 mAbs on CD62P expression

Detection of CD62P (P-selectin, an a-granule membrane protein) on platelet surface was
assessed to ascertain platelet activation ex vivo and in response to collagen and AA. At
baseline, non-ASA HC patients, if compared with NC controls, showed platelet CD62P
expression significantly higher both in the absence of stimulus (p=0.04) and with collagen
(p<0.0001) or AA (p<0.0001). ASA HC patients did not differ from NC subjects for CD62P
expression without stimulus or with collagen (ns for both) whereas they presented higher

CDO62P expression in response to AA (p=0.05) (Table 2).

The effects of treatment with PCSK-inhibitors on CD62P expression are shown in Fig.2. With
respect to baseline, in platelets without stimulus CD62P expression significantly decreased
after 2 months both in non-ASA (p=0.05) and ASA (p=0.002) (Fig.2A). The collagen-induced

CDG62P expression decreased starting at 2 months in non-ASA HC (p=0.04) and in ASA HC



patients (p=0.002) (Fig.2B). The CD62P expression stimulated by AA significantly decreased

starting at 6 months in non-ASA (p=0.04) and at 2 months in ASA HC (p=0.006)(Fig.2C).

Effects of treatment with anti-PCSK-9 mAbs on “in vivo” platelet activation markers

Upon activation platelets secret their granule contents into circulation. Several markers of
platelet activation such as sP-Selectin, PF4, sCD40L, have been identified to correlate with the
presence of inflammation and atherosclerosis [23]. The effects of treatment with PCSK-
inhibitors on these circulating markers in HC patients stratified by ASA treatment are shown
in Fig.3. A significant reduction of sP-Selectin (Fig. 3A), PF-4 (Fig. 3B), and sCD-40L (Fig.
3C) levels was observd only after 12 months of therapy with anti-PCSK9 mAbs in both non-
ASA (vs baseline: p=0.043, p=0.046, and p=0.01, respectively) and ASA (vs baseline: p=0.009,

p=0.007, and p=0.003 respectively) patients.

Correlation analyses

Univariate linear regression analysis including all subjects at baseline revealed: i)significant
correlations of LDL-c with: CD62P expression without (p=0.041, r=0.309) and after
stimulation with collagen (p=0.004, r=0.428) or AA (p=0.001, r=493), PF-4 (p=0.018, r=0.355),
sP-Selectin (p=0.046, r=0.303), and sCD40L (p=0.002, r=0.450); ii)significant correlation of
PCSKY9 levels with: i) total cholesterol (p=0.0001, r=0.648) and LDL-c (p=0.0001, r=0.645), ii)
CD62P expression stimulated by AA (p=0.015, r=0.366), iii)sP-Selectin (p=0.017, r=0.359), PF-

4 (p=0.05, r=0.294), and sCD40L (p=0.04, r=0.307) levels (Fig.4).



DISCUSSION

The present study, the first to evaluate platelet function to PCSK-9 inhibitors in patients with
primary HC, demonstrated a reduction of platelet aggregability and activation after a
treatment for 2 up to 12 months with the anti-PCSK-9 mAbs alirocumab or evolocumab. This
improvement was evident in presence of concomitant therapy with aspirin suggesting an
effective role of treatment with PCSK9-inhibitors in increasing the sensitivity to the
antiplatelet effects of aspirin.

LDL-c is a known risk factor for cardiovascular diseases [24] and therapies aimed at lipid
modification, such as statins, have been important tools for primary and secondary
prevention of cardiovascular events. However, the low percentage of patients reaching a
predefined LDL-c target and the significant residual risk despite the usage of statins use have
justified the development of alternate approaches to lipid modification and PCSK-inhibitors
are able in providing these patients with optimal lipid lowering [25]. Indeed, in our study the
anti-PCSK9 mAbs alirocumab and evolocumab have demonstrated LDL-c lowering of more
than 50-60% in patients with familial HC on background of statin therapy, with important
effects on platelet aggregation and activation. It is known that HC primes platelets increasing
platelet activation [26,27] and a correlation between cholesterol and parameters of platelet
function has been also found in the present study. Although it is reasonable to suppose that
the antiplatelet effect of PCSK-9 inhibitors can be mainly related to cholesterol reduction, it
cannot be ruled out entirely that this effect goes beyond their lipid-lowering action. Actually,
in our study HC showed higher PCSKD9 levels than NC and positive correlations of PCSK9
levels were found not only with total and LDL-c but also with some parameters of platelet
reactivity such as the platelet activation markers sCD40L, PF-4, and sP-Selectin. Given that a
direct effect of PCSKDY in potentiating aggregation and activation induced by a weak agonist
was found [17] and the relationship between PCSK9 and higher platelet reactivity was

established also in other clinical settings [16,28,29], we can suppose that increased levels of



PCSKO9 could directly influence platelet reactivity and PCSK?9 inhibitors reduce PCSK9 direct
stimulatory effects on platelets beyond their lipid-lowering properties.

When stratified for ASA intake, in ASA-patients reductions in platelet aggregation were
significant starting at 2 months, whereas in non-ASA a trend to reduction was observed but
not statistically significant. At baseline non-ASA patients differed from ASA takers for higher
levels of total cholesterol and triglycerides. Despite the different lipid profile could play a role,
it is likely that the low number of non-ASA patients who completed the study decreases our
statistical power and it is certainly a limitation of this study.

The magnitude of on-ASA platelet reactivity was specifically quantified in our study by
measuring LTA-AA and PFA-100 CT with CEPI cartridges. Platelet aggregation to AA is still
considered as the historical gold standard of platelet function testing [30] for measuring ASA
inhibition of COX-1 activity due to the very good agreement between aggregation to AA and
serum TXB: measurement [31]. ASA HC patients of this study decreased the AA-triggered
platelet aggregation and all reached LTA-AA values<20% after a 2-month treatment with
PCSK9-inhibitors suggesting an improvement in the suppression of TXA:2 production. The
reduced aggregability in PRP in ASA-patients after treatment with PCSK-inhibitors was
confirmed by the increase of PFA-100 CEPI CT, a non-COX-1-dependent platelet function
test used to determine response to ASA [31]. A prolonged CT with CEPI cartridges with
normal CADP CT value is suggestive in our study for an increased platelet inhibition by
aspirin, indicating a decrease of residual platelet aggregation among patients receiving aspirin
after 2 months of treatment with PCSK9-inhibitors. Aspirin is a cornerstone of treatment in
the secondary prevention of cardiovascular disease [32] and the lack of a platelet inhibition
despite aspirin administration in high risk patients is associated with high risk for major
cardiovascular events [9]. Although the phenomenon of depressed sensitivity of platelets to
aspirin is most likely the result of poor compliance, clinical, biological, and genetic properties

affecting platelet function [33], in HC an important role is played by mechanisms particularly


https://www.sciencedirect.com/topics/medicine-and-dentistry/pfa-100

related to LDL-c. The accumulation of cholesterol in platelets markedly increases platelet
biogenesis, turnover and activity [27] including a persistent platelet TXA:2 synthesis that can
reduce the platelet suppressive effect of ASA. A study which aimed to investigate the
relationship of PCSK9 and CV events in patients with atrial fibrillation showed a direct
correlation between plasma PCSK9 levels and urinary 11-dehydro-thromboxane B: [29]
suggesting PCSK9 as a factor able to interact with COX-1 activity. Despite urinary TXB:
decreased in HC subjects upon their treatment with various lipid-lowering compounds
[34,35], we cannot exclude that the reduction of circulating PCSK9 plays a role in increasing
the inhibitory action of aspirin on COX-1 activity. The increased inhibition of COX-1 by
suppression of PCSK9 could contribute, at least in part, to lower aggregability to AA and
prolong CEPI PFA-100 CT observed in the ASA HC individuals of our study.

Our study has concerned platelets from individuals receiving ASA but not P2Y12 inhibitor as
antiplatelet drug. Since an association of PCSK9 levels with platelet reactivity in patients
affected by acute coronary syndrome treated with prasugrel or ticagrelor has been shown
[16] and a correlation between PCSK9 serum levels and platelet reactivity parameters in HC
was also found in our study, we can speculate that from the beginning of treatment with anti-
PCSK9 mAbs an improvement of platelet responses in terms of reduced reactivity could also
have been observed in HC patients receiving P2Y12 inhibitors. Of course, future studies are
warranted to confirm this hypothesis.

CD62P cross-linking platelets and leukocytes is considered a pivotal mediator of platelet-
leukocyte aggregate formation and adhesion to endothelium, thereby upregulating release of
proinflammatory cytokines that link platelets to inflammation, thrombosis, and atherogenesis
[36]. In both ASA- and non-ASA patients the treatment for 2 months with anti-PCSK-9 mAbs
decreased the expression of CD62P in both the absence and presence of exogenous stimulus
such as collagen or AA and these changes in comparison with baseline values were maintained

until the end of the study. Differently from CD62P expression whose reduction occurred



rapidly after treatment with anti-PCSK9 mAbs, we observed that the decrease of plasma
levels of the in vivo activation markers of platelet activation was delayed. In particular, a
significant reduction from baseline of sCD40L, PF-4 and P-selectin levels was observed only
at 12 months in both non-ASA and ASA HC groups. All patients had received the maximum
tolerated statin therapy before anti-PCSK9 mAbs administration and it is known that statins
exert CV effects influencing also platelet function [35,37—41]. This could slow a further
decrease over time of circulating prothrombotic and atherogenic factors released mainly, but
not exclusively, by platelets, thus requiring more time to reach a significant systemic
reduction. Of course, given the limited sample size, further powered studies are warranted to
confirm our findings and better explore the influence of anti-PCSK9 mAb on platelet function
both in the absence and in the presence of anti-platelet drugs.

Collectively, our data first found that in primary HC the inhibition of PCSK-9 with
alirocumab or evolocumab on a background of statin therapy, besides lowering LDL-c,
improved platelet function decreasing platelet aggregability and activation and increasing
platelet responsiveness to ASA. These findings suggest that HC patients benefit from a more
intensive lowering of LDL-c levels also for improving platelet function and the use of the
combination of PCSK9 inhibitors plus aspirin in secondary prevention of CVD could lead to a

greatest reduction of CV event incidence.
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Legends of Figures

Figure 1

Light transmission aggregometry (LTA) in response to ADP(A), collagen(B),
arachidonic acid (AA)(C) and Platelet Function Analyzer (PFA)-100 assay with
collagen/epinephrine (CEPI) cartridge in patients with primary hypercholesterolemia at
baseline and after 2, 6, 12 months of treatment with anti-PCSK-9 mAbs. Patients were
stratified in acetyl salicylic acid taking (ASA) or not (non-ASA).(A-C) Data are presented as
mean+SD. *p < 0.05 compared with baseline values.(D) Data are shown as box plots range

from the first to the third quartile; bold line in the boxes represents the median.

Figure 2

Flow cytometry assessment of the platelet marker CD62P without stimulus(A), with
collagen(B), or arachidonic acid (AA)(C) in patients with primary hypercholesterolemia at
baseline and after 2, 6, 12 months of treatment with anti-PCSK-9 mAbs. Data are presented

as mean+SD. MFI:mean fluorescence intensity. *p < 0.05 compared with baseline values.

Figure 3

Plasma levels of soluble P-Selectin (sP-Selectin), Platelet Factor-4 (PF-4), and soluble
CD40 Ligand (sCD40L) in patients with primary hypercholesterolemia at baseline and after
2, 6, 12 months of treatment with anti-PCSK-9 mAbs. Data are presented as mean£+SD. *p <

0.05 compared with baseline values.



Figure 4
Univariate linear regression analysis at baseline between proprotein convertase
subtilisin/kexin type 9 (PCSK9) levels and platelet parameters in subjects with
normocholesterolemia (open triangle) and hypercholesterolemia (black circle). TC:total
cholesterol; LDL-C:low-density lipoprotein  cholesterol; LTA:light transmission
aggregometry; Coll:collagen; AA:arachidonic acid; PFA:Platelet Function Analyzer; CEPI:
collagen/epinephrine; MFI:mean fluorescence intensity; sP-Sel:soluble P-Selectin; PF:platelet

factor; sCD40L:soluble CD40 Ligand.
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