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Abstract

Background: To investigate whether the antiPCSK9 vaccine can affect the CRP and oxidative

stress (OS) during acute systemic inflammation.

Methods: Male albino mice were randomly divided into three groups: non-treated mice (the
sham group), treated with a nonspecific stimulator of the immune response — Freund’s complete
adjuvant (CFA; the CFA group), and vaccinated mice treated with CFA (the vaccine group). The
vaccine group was subcutaneously immunized with the antiPCSK9 formulation, 4 x in bi-weekly
intervals. To induce inflammation, all mice were subjected to the CFA challenge after the
vaccination plan. The hsCRP level and OS status were evaluated by a mouse CRP ELISA kit and

the pro-oxidant antioxidant balance (PAB) assay, respectively.

Results: The vaccine induced a high-titter IgG antiPCSK9 antibody, which was accompanied
with a significant PCSK9 reduction (—24.7% and —28.5% compared with the sham and CFA
group, respectively), and the inhibition of PCSK9/LDLR interaction (-27.8% and —29.4%,
respectively). hsCRP was significantly increased in the vaccine and CFA groups by 225% and
274%, respectively, when compared with the sham group; however, it was non-significantly
decreased (—18%; p = 0.520) in the vaccine group in comparison with the CFA group. The PAB
values indicated that OS was significantly increased in the CFA group (by 72.7%) and the
vaccine group (by 76%) when compared to the sham group; however, there was no significant

difference in the PAB values between the vaccine and CFA groups.

Conclusion: The antiPCSK9 vaccine failed to significantly reduce the serum hs-CRP and OS

induced in the CFA-challenged albino mice.
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INTRODUCTION

Proprotein convertase subtilisin/kexin type 9 (PCSKD9) is a well-known regulator of cholesterol
homeostasis, which acts via the binding to the hepatocyte low-density lipoprotein (LDL) receptor
(LDLR) that will be consequently targeted to the lysosomal degradation [1-4]. Immediately after
the discovery of PCSK9 protein and its function, growing evidence from genetic association
studies showed PCSKY inhibition as a potential lipid-lowering target [1-5]. Currently there are
several types of PCSK9 inhibitors such as the FDA-approved PCSK9 monoclonal antibodies
(mAbs) alirocumab and evolocumab [6-9], small interference RNA against mRNA PCSK9 [10],
as well as the under-investigation oral PCSK?9 inhibitors (e.g., macrocyclic peptide MK-0616)
[11-14], and antiPCSK?9 vaccines [15-21], which have provided the most effective therapeutics
for ameliorating hypercholesterolemia and atherosclerosis in preclinical and clinical practices.
Besides the role in cholesterol metabolism, there is also experimental and clinical evidence
showing that PCSK9 can act as a pro-inflammatory mediator, however, there are contradictory
reports regarding the effect of PCSK9 inhibitors on inflammation [22]. Inflammation contributes
to the initiation and progression of atherosclerosis up to plaque rupture and erosion, causing
atherosclerotic cardiovascular disease (ASCVD) [23].

High-sensitivity C-reactive protein (hs-CRP) is an acute-phase mediator mainly produced by the
hepatocytes, which is considered as a sensitive but non-specific biomarker of systemic
inflammation [24]. Hs-CRP has been known as a risk marker/risk enhancer and potential risk
factor for atherosclerosis [25] as well as a strong cardiovascular risk predictor [26], however the
casual association between hs-CRP and CVD events has not been confirmed [27].
Mechanistically, hs-CRP can elevate the LDL uptake by macrophages and consequently
accelerate foam cell formation, which has a direct role in the initiation of atherosclerotic plaque
formation [28]. Several epidemiological studies have indicated a positive and strong association
between plasma levels of PCSK9, hs-CRP, and acute-phase inflammation in patients with
coronary artery disease (CAD) [29-31]. Nevertheless, despite the aforementioned association
between PCSK9 and hs-CRP, there is evidence indicating no association between the treatment

with mAbs-based PCSKY inhibitors and changes in hs-CRP levels in CVD patients [32-36].



Other important inflammation modulators are reactive oxygen species (ROS) and related
enzymes responded to oxidative stress, such as myeloperoxidase (MPO), superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and catalase. Oxidative stress is observed when there
is an imbalance between the ROS generation and elimination, due to the impaired antioxidant
defence system and/or the exacerbated activity of pro-oxidant enzymes [37]. It has been found
that there is a link between PCSK9 production and oxidative stress [38—41], mediated
predominantly by the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase-
dependent ROS generation [42, 43]. There are reports that demonstrated the up-regulatory effect
of ROS on the PCSK9 expression and vice versa in vascular cells, leading to destructive
inflammatory responses within atherosclerotic plaques [42—44]. Notably, the PCSK9 inhibition,
by either the gene manipulation or anti-PCSK9 monoclonal antibodies, has been found to
significantly attenuate ROS-mediated oxidative damage in the in vitro cellular model [45, 46]
and various animal models [47, 48].

To the best of our knowledge, the antiPCSK9 vaccines on the hs-CRP level and the oxidative
stress in an experimental inflammation model is understudied. During the recent few years, we
have developed an antiPCSK9 vaccine [21] that could effectively induce the safe and long-
lasting generation of the functional antiPCSK9 antibodies, which was accompanied with
significant therapeutic [49, 50] and preventive [51, 52] effects against hypercholesterolemia and
atherosclerosis in mouse and primate models. In the present study, we aimed to find whether the
PCSK9 inhibition using the antiPCSK9 vaccine can affect the hs-CRP level and the oxidative

stress during systemic inflammation.

METHODS
The vaccine preparation

An immunogenic peptide construct containing PCSK9 and tetanus epitopes was designed using
AFFITOME® technology [21, 53]. The peptide sequence (Tab. 1) with a purity grade of > 95%
was synthesized and high-performance liquid chromatography (HPLC)-purified by
ChinaPeptides Co., Ltd. (Shanghai, China). The peptide was adsorbed to 0.4% Alum adjuvant

(Sigma-Aldrich) at the 1:1 (v:v) ratio and used for in vivo studies on mice.



Animals

8-10 weeks old albino mice (28 + 3 g) were purchased from the laboratory animal research
centre of Razi Vaccine and Serum Research Institute, Mashhad, Iran. All animal handling
procedures were carried out in strict accordance with the Animal Welfare guidelines approved by
the Institutional Ethics Committee and Research Advisory Committee of the Mashhad University
of Medical Sciences, Iran (code: IR MUMS.PHARMACY.REC.1400.010). The animals were
housed in an air-conditioned room at a constant temperature of 22 + 2°C with 12:12h light/dark
cycle and fed a standard rodent diet and water ad libitum. At the end of the study, all animals

were euthanized by intravenous injection (30 mg/kg) of thiopental sodium.
Vaccination plan

Thirty male albino mice were randomly divided into three groups, including non-treated mice
(the sham group), the mice treated with the Freund’s complete adjuvant (CFA; the CFA group),
and the vaccinated mice treated with CFA (the vaccine group). The vaccine group was
subcutaneously immunized with the antiPCSK9 formulation (15 pg/mouse), four times in bi-
weekly intervals, while the sham and CFA groups received the phosphate buffer by a similar
route. After the vaccination plan, all mice were subjected to the CFA challenge to evaluate the

effect of the antiPCSK9 vaccine on inflammation and oxidative stress status.
Developing CFA-challenged mice

To develop an animal model with acute inflammation and oxidative stress, the method of
Fehrenbacher et al. [54] with some changes was used. In brief, CFA emulsion (0.5 mg/ mL) was
prepared via mixing 0.5 mL of CFA (1 mg/mL of Mycobacterium tuberculosis, heat-killed and
dried; Sigma-Aldrich, St. Louis, MO, USA) in 0.5 mL of sterile 0.9% saline buffer. The CFA
group and the vaccine group were treated with 50 pL of freshly prepared homogeneous CFA
emulsion (0.5 mg/mL) by subcutaneous injection into the left hind paw, while the sham group
received 50 pL of the saline buffer by a similar route. According to our previous evaluation of
CRP’s kinetic [55], the serum hs-CRP reaches the highest level in CFA-challenged albino mice
after 16-24 h; thus, a point in time was selected to evaluate the effect of the antiPCSK9 vaccine

on inflammation and oxidative stress status. Mice were anesthetized and blood was withdrawn



by cardiac drainage into a dry tube. Serum was separated by centrifugation at 1800g for 10 min

and kept at —20°C prior to analysis.
Evaluating the serum hs-CRP level and oxidative stress

To find the effect of the antiPCSK9 vaccine on acute inflammation, serum concentrations of hs-
CRP were measured using a mouse CRP ELISA kit (Abcam; ab157712). To determine oxidative
stress status, the pro-oxidant antioxidant balance (PAB) in the serum samples was assayed
according to the previously described method [56]. In brief, a mix of 10 pL of each serum
sample or standard solution and 200 pL of fresh working solution (containing TMB/DMSO
solution, 0.05 M acetate buffer (pH 4.5), 100 mM chloramine T fresh solution, and 25 U of
peroxidase enzyme solution) was loaded into a 96-well plate and incubated in a dark place for 12
minutes at 37°C. Then, 100 pL of 2 N HCL was added to each well and the OD was measured at
450 nm, with a reference wavelength of 620 nm or 570 nm. A standard curve was prepared using
standard solutions with different proportions (0—100%) of hydrogen peroxide (250 pM) and uric
acid (3 mM in 10 mM NaOH). Finally, the samples’ PAB values were measured according to the
prepared standard curve. The values of the PAB assay were expressed in an arbitrary HK
(Hamidi-Koliakos) unit based on the percentage of hydrogen peroxide detected in the standard

solution.
Evaluating the vaccine efficacy

To determine the efficacy of the antiPCSK9 vaccine in mice, plasma antiPCSK9 antibody titer,
plasma PCSK9 concentration, and antibody inhibited PCSK9/LDLR interaction were measured

as described in the following subsections.
Measuring plasma antiPCSK?9 antibodies

The ELISA method was employed to evaluate the titer of plasma antiPCSK9 antibodies in
vaccinated mice. In brief, 100 pL of serially diluted plasma samples (1:400 x 1:4) were loaded
and incubated for 1h at 37°C in a 96-well Nunc-MaxiSorp plate coated with PCSK9 peptide. To
detect attached antiPCSK9 antibodies, HRP-conjugated anti-mouse IgG (H + L) (Sigma Aldrich;
dilution 1:1000) was added and incubated for 1h at 37°C followed by the addition of the

substrate TMB (3,3',5,5'-tetramethylbenzidine, Sigma-Aldrich) for 10 min at room temperature



(RT). The optical density (OD) at 450 nm was measured with a microwell plate reader (Sunrise,
Tecan, Switzerland) and the titers were defined as the dilution factor referring to 50% of the
maximal optical density (ODm.x/2). The results were presented as the mean titers + SD of all

animals per group.

Measuring plasma PCSK9 concentration

The concentration of plasma PCSK9 protein in vaccinated mice was measured by a PCSK9
ELISA kit (CircuLexTM, Cy-8078, MBL, Woburn, MA) in accordance with the manufacturer’s
manual. In brief, 100 pL of the diluted plasma samples (1:100) was incubated on a 96-well
microplate for 1h at RT. An HRP-conjugated anti-PCSK9 antibody was incubated for 1h
followed by adding the substrate reagent and stop solution, all at RT. The microwell plate reader
was used to detect the OD at 450 nm. Eventually, a standard curve provided by the supplier was

defined to measure the plasma concentration of PCSKO9.
Evaluating the effect of plasma antiPCSK9 antibodies on the PCSK9-LDLR interaction

The potential of vaccine-induced antibodies to inhibit the interaction of PCSK9/LDLR was
assayed by using a PCSK9-LDLR in vitro binding assay kit (CircuLex™, Cy-8150, MBL,
Woburn, MA) in accordance with the manufacturer’s manual. In brief, 100 pL of vehicle control
or the plasma samples of vaccinated mice were loaded in a 96-well microplate pre-coated with
the recombinant EGF-A domain of LDLR containing the binding site for PCSK9. Thereafter, the
reaction was immediately initiated by adding a “His-tagged PCSK9 wiled type” solution
incubated for 2h followed by adding a biotinylated anti-His-tag monoclonal antibody for 1h at
RT. Subsequently, HRP-conjugated streptavidin was incubated for 1h at RT followed by adding
the substrate reagent and stop solution. The OD at 450 nm was measured with the microwell
plate reader. Notably, the higher ELISA OD indicates a higher amount of PCSK9-LDLR
interaction, while in the presence of plasma containing antiPCSK9 antibodies the interaction is

inhibited and consequently a reduced ELISA OD will be detected.

Statistical analysis

One-way ANOVA and Tukey-Kramer post-hoc multiple comparison tests were carried out to

measure the significance of the difference among groups, (Graph Pad Prism Software, version



9.0, San Diego, CA). Data were reported as mean + SD. Data with p < 0.05 were regarded to be

statistically significant.

RESULTS

The antiPCSK?9 vaccine induced the functional antibodies in albino mice

Upon three boosters, the antiPCSK9 vaccine was found to significantly promote a high-titer IgG
antibody against the PCSK9 peptide in albino mice — the antiPCSK9 antibody titer (ODmax/2)
was 12,925 + 929 in the vaccinated mice, two weeks after the last immunization (Fig. 1A). The
plasma concentration of free PCSK9 was found to be significantly (p < 0.001) reduced by —
24.7% and —28.5% in the vaccine group when compared to the sham and CFA group,
respectively (Fig. 1B). Moreover, to determine whether the vaccine-induced antiPCSK9
antibodies can inhibit PCSK9 function, CircuLex PCSK9-LDLR in vitro binding assay kit was
employed. In the presence of the vaccinated mice’s plasma samples, in vitro binding of murine
PCSK9 and LDLR in the vaccinated group was significantly (p < 0.05) reduced by —27.8% and —
29.4% when compared to the plasma samples of the sham group and the CFA group, respectively
(Fig. 1C).

The antiPCSK?9 vaccine and acute inflammation in CFA-challenged mice

It was shown that the antiPCSK9 vaccine could not significantly affect the increased level of
serum hs-CRP in the CFA-challenged albino mice — the serum levels of hs-CRP in the vaccine,
CFA, and sham groups were 14.65 + 4.66 mg/L, 17.84 + 5.37 mg/L, 6.5 + 2.02 mg/L,
respectively (Fig. 2). The statistical analysis indicated that the level of hs-CRP was significantly
increased in the vaccine and CFA groups by 225% (p = 0.037) and 274% (p = 0.004),
respectively when compared with the sham group. It was non-significantly decreased in the

vaccine group in comparison with the CFA group (by 18%, p = 0.520).
The antiPCSK9 vaccine and the oxidative stress in CFA-challenged mice

To determine the effect of the antiPCSK9 vaccine on oxidative stress, the balance between the
plasma pro-oxidant load and antioxidant capacity was evaluated using the PAB assay. It was
shown that the antiPCSK9 vaccine could not significantly affect the serum pro-
oxidant/antioxidant status in CFA-challenged albino mice. The PAB values in the vaccine, CFA,

and sham groups were 54.22 + 10.93 HK, 53.19 + 9.8 HK, and 30.8 + 6.7 HK, respectively (Fig.
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3). The PAB value (oxidative stress) was significantly increased in the CFA group (by 72.7%, p <
0.001) and the vaccine group (by 76%, p < 0.001) when compared with the sham group with no

significant difference between the vaccine and CFA groups.

DISCUSSION

The present study indicated that, despite inducing the production of the functional antiPCSK9
antibodies, the antiPCSK?9 vaccine failed, despite numerical reduction, to significantly reduce the
serum hs-CRP in the CFA-challenged albino mice. It was also observed that there was a lack of
any reducing effect on the oxidative stress in this model. The production of the functional
antiPCSK?9 antibodies bounding blood circulating PCSK9 protein and consequently reducing the
plasma level of PCSK?9 and its interaction with the live LDLR has also been detected in previous
studies, supporting the efficacy of this antiPCSK9 vaccine [21, 49-52].

Of note, there has been a paucity of studies evaluating the association of an antiPCSK9 vaccine
and the serum hs-CRP levels in the inflammatory condition. A recent study [57] indicated that
the present antiPCSK9 vaccine did not change the serum level of hs-CRP in healthy rhesus
macaque monkeys. There have also been several clinical trials that investigated the effect of
mAb-based PCSK9 inhibitors on inflammatory markers, especially on the hs-CRP levels, in
patients with CVD, supporting the present results [31-36]. Data of the EQUATOR study, a
randomized, multicenter, double-blind, and placebo-controlled phase II trial, demonstrated that 6
months of treatment with the antiPCSK9 mAb RG7652 did not change levels of the serum hs-
CRP and pro-inflammatory cytokines IL-6 and TNF-a in patients at high risk for or with
established CAD [31]. Similarly, a study in patients with stable CAD after premature myocardial
infarction and very high lipoprotein(a) levels showed that plasma levels of hs-CRP were not
altered after 6 months of treatment with the PCSK9 inhibitors alirocumab or evolocumab [32].
Consistently, no association between baseline levels of hs-CRP and efficacy of evolocumab in
reducing adverse cardiovascular outcomes was also found in the FOURIER trial [33]. On the
other hand, the larger efficacy of PCSKS inhibitors in the reduction of CVD events was observed
in the very high-risk patients with high baseline levels of hs-CRP [34, 58, 59]. These findings
can be further supported by two independent meta-analyses of randomized controlled trials that

failed to find a significant effect of antiPCSK9 mAbs on serum/plasma levels of hs-CRP [34,



35]. Therefore, the aforementioned findings imply that hs-CRP is not a response mediator to
PCSKO9 inhibitors, contrary to other lipid lowering drugs, especially statins, and more recently
bempedoic acid (via AMP-activated kinase pathway activation) [60, 61].

Moreover, oxidative stress is an important inflammation modulator, and the current results
indicated that the antiPCSK9 vaccine does not change the CFA-induced oxidative stress in albino
mice. Similarly, a clinical trial showed that the administration of evolocumab had no impact on
the activity of key antioxidant enzymes including catalase, SOD, and GSH-Px in erythrocytes of
patients with CAD [62]. However, there are several reports showing the protective effect of
PCSKO9 inhibition against oxidative stress, by reducing the pro-oxidant load. An in vitro study
showed that evolocumab could significantly reduce the concentration of malondialdehyde
(MDA) and the ROS-mediated oxidative damage in human umbilical vein endothelial cells [45].
Another PCSK9 inhibitor, alirocumab was found to decrease oxidative stress reactions in a rat
model of alcoholic liver disease, by reducing lipid peroxidation, the MPO activity, and frequency
of infiltrating MPO generating cells in the liver [48]. These findings suggest that although
inhibition of the circulating PCSK9 does not affect the blood antioxidant capacity, it can reduce
the pro-oxidant load through oxidative stress conditions. Of note, since the present result was
based on the PAB assay that shows the general changes of both pro-oxidants and antioxidants
simultaneously in the serum/plasma samples, the lack of the effect of the antiPCSK9 vaccine on
the PAB values may be due to a high load of the blood pro-oxidants in the CFA-challenged
albino mice [63-71].

There are some limitations deserving acknowledgment. Firstly, despite the fact that a widely
used inflammation model was used in this study, every experimental model of inflammation has
limitations, and the results of this study may not be applicable to other types of inflammation,
especially chronic inflammation such as that found in atherosclerosis. Secondly, there are many
differences in the inflammation process between humans and rodents that should be considered
when interpreting the results. Another noteworthy point is that in this study, the PCSK9 peptide
vaccine was used in pure form without any delivery system, while the previous reports of the
current group have mainly focused on the nanoliposomal form of the vaccine. Therefore, the
comparison of liposomal and non-liposomal forms of peptide vaccine in terms of the effect on

inflammatory and oxidative indicators can be investigated in future studies. Finally, according to
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the observed decrease in serum CRP levels in the vaccine group, conducting additional studies in
this regard is suggested.

CONCLUSIONS

The results of the present study indicate that the antiPCSK9 vaccine, despite its significant
efficacy in inhibiting PCSK9 function, could not protect against the CFA-induced acute

inflammation and oxidative stress in mice.

Acknowledgment: The study is reported in accordance with the ARRIVE guidelines (PLoS Bio
8(6), e1000412,2010).

Conflict of interests: M.B.: speakers bureau: Amgen, Daichii Sankyo, KRKA, Polpharma,
Novartis, Sanofi-Aventis, Teva, Zentiva; consultant to Adamed, Amgen, Daichii Sankyo,
Esperion, NewAmsterdam, Novartis, Sanofi-Aventis; Grants from Amgen, Daichii Sankyo,

Mylan/Viatris, Novartis, and Sanofi; all other authors have no conflict of interest.

Data availability: The datasets generated during and/or analysed during the current study are

available from the corresponding authors on reasonable request.

Funding: Mashhad University of Medical Sciences (code 992367). This work is also based upon
research funded by Iran National Science Foundation (INSF) under project No. 4026662.

References

1. Cohen J, Pertsemlidis A, Kotowski IK, et al. Low LDL cholesterol in individuals of
African descent resulting from frequent nonsense mutations in PCSK9. Nat Genet. 2005;
37(2): 161-165, doi: 10.1038/ng1509, indexed in Pubmed: 15654334.

2. Cohen JC, Boerwinkle E, Mosley TH, et al. Sequence variations in PCSK9, low LDL,
and protection against coronary heart disease. N Engl J Med. 2006; 354(12): 1264-1272,
doi: 10.1056/NEJM0a054013, indexed in Pubmed: 16554528.

3. Zhao Z, Tuakli-Wosornu Y, Lagace TA, et al. Molecular characterization of loss-of-
function mutations in PCSK9 and identification of a compound heterozygote. Am J Hum
Genet. 2006; 79(3): 514-523, doi: 10.1086/507488, indexed in Pubmed: 16909389.

11


https://www.ncbi.nlm.nih.gov/pubmed/16909389
http://dx.doi.org/10.1086/507488
https://www.ncbi.nlm.nih.gov/pubmed/16554528
http://dx.doi.org/10.1056/NEJMoa054013
https://www.ncbi.nlm.nih.gov/pubmed/15654334
http://dx.doi.org/10.1038/ng1509

10.

11.

12.

13.

Hooper AJ, Marais AD, Tanyanyiwa DM, et al. The C679X mutation in PCSK9 is present
and lowers blood cholesterol in a Southern African population. Atherosclerosis. 2007;
193(2): 445448, doi: 10.1016/j.atherosclerosis.2006.08.039, indexed in
Pubmed: 16989838.

Abifadel M, Varret M, Rabes JP, et al. Mutations in PCSK9 cause autosomal dominant
hypercholesterolemia. Nat Genet. 2003; 34(2): 154-156, doi: 10.1038/ng1161, indexed in
Pubmed: 12730697.

Sabatine MS, Giugliano RP, Wiviott SD, et al. Efficacy and safety of evolocumab in
reducing lipids and cardiovascular events. New England Jorunal of Medicine. 2015;
372(16): 1500-1509, doi: 10.1056/NEJMo0al1500858, indexed in Pubmed: 25773607.

Robinson JG, Farnier M, Krempf M, et al. ODYSSEY LONG TERM Investigators.
Efficacy and safety of alirocumab in reducing lipids and cardiovascular events. N Engl J
Med. 2015; 372(16): 1489-1499, doi: 10.1056/NEJMo0al501031, indexed in
Pubmed: 25773378.

Sabatine MS, Giugliano RP, Keech AC, et al. FOURIER Steering Committee and
Investigators. Evolocumab and Clinical Outcomes in Patients with Cardiovascular
Disease. N Engl J Med. 2017; 376(18): 1713-1722, doi: 10.1056/NEJMo0al615664,
indexed in Pubmed: 28304224.

Nicholls SJ, Puri R, Anderson T, et al. Effect of Evolocumab on Progression of Coronary
Disease in Statin-Treated Patients: The GLAGOV Randomized Clinical Trial. JAMA.
2016; 316(22): 2373-2384, doi: 10.1001/jama.2016.16951, indexed in
Pubmed: 27846344,

Banach M, Reiner Z, Surma S, et al.; International Lipid Expert Panel (ILEP). 2024
Recommendations on the Optimal Use of Lipid-Lowering Therapy in Established
Atherosclerotic Cardiovascular Disease and Following Acute Coronary Syndromes: A
Position Paper of the International Lipid Expert Panel (ILEP). Drugs. 2024; 84(12):
1541-1577. doi: 10.1007/s40265-024-02105-5, indexed in Pubmed: 39497020

Johns DG, Campeau LC, Banka P, et al. Orally Bioavailable Macrocyclic Peptide That
Inhibits Binding of PCSK9 to the Low Density Lipoprotein Receptor. Circulation. 2023;
148(2):  144-158, doi: 10.1161/CIRCULATIONAHA.122.063372, indexed in
Pubmed: 37125593.

Koren MJ, Descamps O, Hata Y, et al. PCSK9 inhibition with orally administered
NNCO0385-0434 in hypercholesterolaemia: a randomised, double-blind, placebo-
controlled and active-controlled phase 2 trial. Lancet Diabetes Endocrinol. 2024; 12(3):
174-183, doi: 10.1016/S2213-8587(23)00325-X, indexed in Pubmed: 38310920.

Momtazi AA, Banach M, Pirro M, et al. Regulation of PCSK9 by nutraceuticals.
Pharmacol Res. 2017; 120: 157-169, doi: 10.1016/j.phrs.2017.03.023, indexed in
Pubmed: 28363723.

12


https://www.ncbi.nlm.nih.gov/pubmed/28363723
http://dx.doi.org/10.1016/j.phrs.2017.03.023
https://www.ncbi.nlm.nih.gov/pubmed/38310920
http://dx.doi.org/10.1016/S2213-8587(23)00325-X
https://www.ncbi.nlm.nih.gov/pubmed/37125593
http://dx.doi.org/10.1161/CIRCULATIONAHA.122.063372
https://pubmed.ncbi.nlm.nih.gov/39497020/
https://doi.org/10.1007/s40265-024-02105-5
https://www.ncbi.nlm.nih.gov/pubmed/27846344
http://dx.doi.org/10.1001/jama.2016.16951
https://www.ncbi.nlm.nih.gov/pubmed/28304224
http://dx.doi.org/10.1056/NEJMoa1615664
https://www.ncbi.nlm.nih.gov/pubmed/25773378
http://dx.doi.org/10.1056/NEJMoa1501031
https://www.ncbi.nlm.nih.gov/pubmed/25773607
http://dx.doi.org/10.1056/NEJMoa1500858
https://www.ncbi.nlm.nih.gov/pubmed/12730697
http://dx.doi.org/10.1038/ng1161
https://www.ncbi.nlm.nih.gov/pubmed/16989838
http://dx.doi.org/10.1016/j.atherosclerosis.2006.08.039

14.

15.

16.

17.

18.

19.

20.

21

22

23.

24.

25.

26.

Wang WZ, Liu C, Luo JQ, et al. A novel small-molecule PCSK9 inhibitor E28362
ameliorates hyperlipidemia and atherosclerosis. Acta Pharmacol Sin. 2024; 45(10): 2119—
2133, doi: 10.1038/s41401-024-01305-9, indexed in Pubmed: 38811775.

Landlinger C, Pouwer MG, Juno C, et al. The ATO4A vaccine against proprotein
convertase subtilisin/kexin type 9 reduces total cholesterol, vascular inflammation, and
atherosclerosis in APOE*3Leiden.CETP mice. Eur Heart J. 2017; 38(32): 2499-2507,
doi: 10.1093/eurheartj/ehx260, indexed in Pubmed: 28637178.

Galabova G, Brunner S, Winsauer G, et al. Peptide-based anti-PCSK9 vaccines - an
approach for long-term LDLc management. PLoS One. 2014; 9(12): e114469,
doi: 10.1371/journal.pone.0114469, indexed in Pubmed: 25474576.

Wu D, Zhou Y, Pan Y, et al. A Therapeutic Peptide Vaccine Against PCSK9. Sci Rep.
2017; 7(1): 12534, doi: 10.1038/s41598-017-13069-w, indexed in Pubmed: 28970592.

Crossey E, Amar MJA, Sampson M, et al. A cholesterol-lowering VLP vaccine that
targets PCSK9. Vaccine. 2015; 33(43): 5747-5755, doi: 10.1016/j.vaccine.2015.09.044,
indexed in Pubmed: 26413878.

Wu D, Pan Y, Yang S, et al. PCSK9QB-003 Vaccine Attenuates Atherosclerosis in
Apolipoprotein E-Deficient Mice. Cardiovasc Drugs Ther. 2021; 35(1): 141-151,
doi: 10.1007/s10557-020-07041-6, indexed in Pubmed: 32725442

You S, Guo X, Xue X, et al. PCSK9 Hapten Multicopy Displayed onto Carrier Protein
Nanoparticle: An Antiatherosclerosis Vaccine. ACS Biomater Sci Eng. 2019; 5(9): 4263—
4271, doi: 10.1021/acsbiomaterials.9b00434, indexed in Pubmed: 33417782.

. Momtazi-Borojeni AA, Jaafari MR, Badiee A, et al. Long-term generation of antiPCSK9

antibody using a nanoliposome-based vaccine delivery system. Atherosclerosis. 2019;
283: 69-78, doi: 10.1016/j.atherosclerosis.2019.02.001, indexed in Pubmed: 30797988.

. Momtazi-Borojeni AA, Sabouri-Rad S, Gotto AM, et al. PCSK9 and inflammation: a

review of experimental and clinical evidence. Eur Heart J Cardiovasc Pharmacother.
2019; 5(4): 237-245, doi: 10.1093/ehjcvp/pvz022, indexed in Pubmed: 31236571.

Ruparelia N, Chai JT, Fisher EA, et al. Inflammatory processes in cardiovascular disease:
a route to targeted therapies. Nat Rev Cardiol. 2017; 14(3): 133-144,
doi: 10.1038/nrcardio.2016.185, indexed in Pubmed: 27905474.

Du Clos TW. Function of C-reactive protein. Annals of Medicine. 2000; 32(4): 274-278,
doi: 10.3109/07853890009011772, indexed in Pubmed: 10852144.

Devaraj S, Kumaresan PR, Jialal I, et al. C-reactive protein: risk marker or mediator in
atherothrombosis? Hypertension. 2004; 44(1): 6-11,
doi: 10.1161/01.HYP.0000130484.20501.df, indexed in Pubmed: 15148294.

Ridker PM, Hennekens CH, Buring JE, et al. C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. N Engl J Med. 2000;

13


https://www.ncbi.nlm.nih.gov/pubmed/15148294
http://dx.doi.org/10.1161/01.HYP.0000130484.20501.df
https://www.ncbi.nlm.nih.gov/pubmed/10852144
http://dx.doi.org/10.3109/07853890009011772
https://www.ncbi.nlm.nih.gov/pubmed/27905474
http://dx.doi.org/10.1038/nrcardio.2016.185
https://www.ncbi.nlm.nih.gov/pubmed/31236571
http://dx.doi.org/10.1093/ehjcvp/pvz022
https://www.ncbi.nlm.nih.gov/pubmed/30797988
http://dx.doi.org/10.1016/j.atherosclerosis.2019.02.001
https://www.ncbi.nlm.nih.gov/pubmed/33417782
http://dx.doi.org/10.1021/acsbiomaterials.9b00434
https://www.ncbi.nlm.nih.gov/pubmed/32725442
http://dx.doi.org/10.1007/s10557-020-07041-6
https://www.ncbi.nlm.nih.gov/pubmed/26413878
http://dx.doi.org/10.1016/j.vaccine.2015.09.044
https://www.ncbi.nlm.nih.gov/pubmed/28970592
http://dx.doi.org/10.1038/s41598-017-13069-w
https://www.ncbi.nlm.nih.gov/pubmed/25474576
http://dx.doi.org/10.1371/journal.pone.0114469
https://www.ncbi.nlm.nih.gov/pubmed/28637178
http://dx.doi.org/10.1093/eurheartj/ehx260
https://www.ncbi.nlm.nih.gov/pubmed/38811775
http://dx.doi.org/10.1038/s41401-024-01305-9

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

342(12): 836-843, doi: 10.1056/NEJM200003233421202, indexed in
Pubmed: 10733371.

Elliott P, Chambers JC, Zhang W, et al. Genetic Loci associated with C-reactive protein
levels and risk of coronary heart disease. JAMA. 2009; 302(1): 37-48,
doi: 10.1001/jama.2009.954, indexed in Pubmed: 19567438.

Fu T, Borensztajn J. Macrophage uptake of low-density lipoprotein bound to aggregated
C-reactive protein: possible mechanism of foam-cell formation in atherosclerotic lesions.
Biochem J. 2002; 366(Pt 1): 195-201, doi: 10.1042/BJ20020045, indexed in
Pubmed: 12033985.

Zhang Y, Zhu CG, Xu RX, et al. Relation of circulating PCSK9 concentration to
fibrinogen in patients with stable coronary artery disease. J Clin Lipidol. 2014; 8(5): 494—
500, doi: 10.1016/j.jacl.2014.07.001, indexed in Pubmed: 25234562.

Gencer B, Montecucco F, Nanchen D, et al. Prognostic value of PCSK9 levels in patients
with acute coronary syndromes. Eur Heart J. 2016; 37(6): 546-553,
doi: 10.1093/eurheartj/ehv637, indexed in Pubmed: 26655339.

Li S, Zhang Y, Xu RX, et al. Proprotein convertase subtilisin-kexin type 9 as a biomarker
for the severity of coronary artery disease. Ann Med. 2015; 47(5): 386-393,
doi: 10.3109/07853890.2015.1042908, indexed in Pubmed: 26153823.

Baruch A, Mosesova S, Davis JD, et al. Effects of RG7652, a Monoclonal Antibody
Against PCSK9, on LDL-C, LDL-C Subfractions, and Inflammatory Biomarkers in
Patients at High Risk of or With Established Coronary Heart Disease (from the Phase 2
EQUATOR Study). Am J Cardiol. 2017; 119(10): 1576-1583,
doi: 10.1016/j.amjcard.2017.02.020, indexed in Pubmed: 28343601.

Levstek T, PodkrajSek N, Rehberger Likozar A, et al. The Influence of Treatment with
PCSKO9 Inhibitors and Variants in the (rs1800947), (rs1800629), and (rs1800795) Genes
on the Corresponding Inflammatory Markers in Patients with Very High Lipoprotein(a)
Levels. J Cardiovasc Dev Dis. 2022; 9(5), doi: 10.3390/jcdd9050127, indexed in
Pubmed: 35621838.

Bohula EA, Giugliano RP, Leiter LA, et al. Inflammatory and Cholesterol Risk in the
FOURIER Trial. Circulation. 2018; 138(2): 131-140,
doi: 10.1161/CIRCULATIONAHA.118.034032, indexed in Pubmed: 29530884.

Sahebkar A, Di Giosia P, Stamerra CA, et al. Effect of monoclonal antibodies to PCSK9
on high-sensitivity C-reactive protein levels: a meta-analysis of 16 randomized controlled
treatment arms. Br J Clin Pharmacol. 2016; 81(6): 1175-1190, doi: 10.1111/bcp.12905,
indexed in Pubmed: 26861255.

Cao YX, Li S, Liu HH, et al. Impact of PCSK9 monoclonal antibodies on circulating hs-
CRP levels: a systematic review and meta-analysis of randomised controlled trials. BMJ

14


https://www.ncbi.nlm.nih.gov/pubmed/26861255
http://dx.doi.org/10.1111/bcp.12905
https://www.ncbi.nlm.nih.gov/pubmed/29530884
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.034032
https://www.ncbi.nlm.nih.gov/pubmed/35621838
http://dx.doi.org/10.3390/jcdd9050127
https://www.ncbi.nlm.nih.gov/pubmed/28343601
http://dx.doi.org/10.1016/j.amjcard.2017.02.020
https://www.ncbi.nlm.nih.gov/pubmed/26153823
http://dx.doi.org/10.3109/07853890.2015.1042908
https://www.ncbi.nlm.nih.gov/pubmed/26655339
http://dx.doi.org/10.1093/eurheartj/ehv637
https://www.ncbi.nlm.nih.gov/pubmed/25234562
http://dx.doi.org/10.1016/j.jacl.2014.07.001
https://www.ncbi.nlm.nih.gov/pubmed/12033985
http://dx.doi.org/10.1042/BJ20020045
https://www.ncbi.nlm.nih.gov/pubmed/19567438
http://dx.doi.org/10.1001/jama.2009.954
https://www.ncbi.nlm.nih.gov/pubmed/10733371
http://dx.doi.org/10.1056/NEJM200003233421202

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Open. 2018; 8(9): e022348, doi: 10.1136/bmjopen-2018-022348, indexed in
Pubmed: 30287608.

Garcia-Caparrés P, Filippis LDe, Gul A, et al. Oxidative Stress and Antioxidant
Metabolism under Adverse Environmental Conditions: a Review. The Botanical Review.
2020; 87(4): 421-466, doi: 10.1007/s12229-020-09231-1.

Ding Z, Liu S, Wang X, et al. Cross-talk between LOX-1 and PCSKO in vascular tissues.
Cardiovasc Res. 2015; 107(4): 556-567, doi: 10.1093/cvr/cvv178, indexed in
Pubmed: 26092101.

Cammisotto V, Pastori D, Nocella C, et al. PCSK9 Regulates Nox2-Mediated Platelet
Activation via CD36 Receptor in Patients with Atrial Fibrillation. Antioxidants (Basel).
2020; 9(4), doi: 10.3390/antiox9040296, indexed in Pubmed: 32252393.

Dounousi E, Tellis C, Pavlakou P, et al. Association between PCSK9 Levels and Markers
of Inflammation, Oxidative Stress, and Endothelial Dysfunction in a Population of
Nondialysis Chronic Kidney Disease Patients. Oxid Med Cell Longev. 2021; 2021:
6677012, doi: 10.1155/2021/6677012, indexed in Pubmed: 34336112.

Bouwens E, Schuurman AS, Akkerhuis KM, et al. Associations of serially measured
PCSK9, LDLR and MPO with clinical outcomes in heart failure. Biomark Med. 2021;
15(4): 247-255, doi: 10.2217/bmm-2020-0585, indexed in Pubmed: 33590771.

Ding Z, Liu S, Wang X, et al. Hemodynamic shear stress via ROS modulates PCSK9
expression in human vascular endothelial and smooth muscle cells and along the mouse
aorta. Antioxid Redox Signal. 2015; 22(9): 760-771, doi: 10.1089/ars.2014.6054,
indexed in Pubmed: 25490141.

Ding Z, Wang X, Liu S, et al. PCSK9 expression in the ischaemic heart and its
relationship to infarct size, cardiac function, and development of autophagy. Cardiovasc
Res.  2018; 114(13): 1738-1751,  doi: 10.1093/cvr/cvy128, indexed in
Pubmed: 25800228.

Ding Z, Liu S, Wang X, et al. Cross-Talk Between PCSK9 and Damaged mtDNA in
Vascular Smooth Muscle Cells: Role in Apoptosis. Antioxid Redox Signal. 2016; 25(18):
997-1008, doi: 10.1089/ars.2016.6631, indexed in Pubmed: 27197615.

Safaeian L, Mirian M, Bahrizadeh S. Evolocumab, a PCSK9 inhibitor, protects human
endothelial cells against H202-induced oxidative stress. Archives of Physiology and
Biochemistry.  2020: 1-6, doi: 10.1080/13813455.2020.1788605, indexed in
Pubmed: 32619370.

Leucker T, Amat-Codina N, Chelko S, et al. Proprotein Convertase Subtilisin/kexin Type
9 Links Inflammation to Vascular Endothelial Cell Dysfunction. ,
doi: 10.1101/2021.01.15.426820.

15


http://dx.doi.org/10.1101/2021.01.15.426820
https://www.ncbi.nlm.nih.gov/pubmed/32619370
http://dx.doi.org/10.1080/13813455.2020.1788605
https://www.ncbi.nlm.nih.gov/pubmed/27197615
http://dx.doi.org/10.1089/ars.2016.6631
https://www.ncbi.nlm.nih.gov/pubmed/29800228
http://dx.doi.org/10.1093/cvr/cvy128
https://www.ncbi.nlm.nih.gov/pubmed/25490141
http://dx.doi.org/10.1089/ars.2014.6054
https://www.ncbi.nlm.nih.gov/pubmed/33590771
http://dx.doi.org/10.2217/bmm-2020-0585
https://www.ncbi.nlm.nih.gov/pubmed/34336112
http://dx.doi.org/10.1155/2021/6677012
https://www.ncbi.nlm.nih.gov/pubmed/32252393
http://dx.doi.org/10.3390/antiox9040296
https://www.ncbi.nlm.nih.gov/pubmed/26092101
http://dx.doi.org/10.1093/cvr/cvv178
http://dx.doi.org/10.1007/s12229-020-09231-1
https://www.ncbi.nlm.nih.gov/pubmed/30287608
http://dx.doi.org/10.1136/bmjopen-2018-022348

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Bian Z, Guo Y, Ha B, et al. Regulation of the inflammatory response: enhancing
neutrophil infiltration under chronic inflammatory conditions. J Immunol. 2012; 188(2):
844-853, doi: 10.4049/jimmunol.1101736, indexed in Pubmed: 22156344.

Lee JiS, Mukhopadhyay P, Matyas C, et al. PCSK9 inhibition as a novel therapeutic
target for alcoholic liver disease. Sci Rep. 2019; 9(1): 17167, doi: 10.1038/s41598-019-
53603-6, indexed in Pubmed: 31748600.

Sahebkar A, Momtazi-Borojeni AA, Banach M. PCSK9 vaccine: so near, yet so far! Eur
Heart J. 2021; 42(39): 4007-4010, doi: 10.1093/eurheartj/ehab299, indexed in
Pubmed: 34151957.

Momtazi-Borojeni AA, Jaafari MR, Banach M, et al. Therapeutic effect of nanoliposomal
PCSK9 vaccine in a mouse model of atherosclerosis. European Heart Journal. 2019;
40(Supplement 1), doi: https://doi.org/10.1093/eurheartj/ehz746.0799.

Momtazi-Borojeni AA, Jaafari MR, Badiee AA, et al. P6195Nanoliposomal anti-PCSK9
vaccine induces long-term and safe protection against atherosclerosis in C57BL/6 mouse.
European Heart Journal. 2019; 40(Supplement_1), doi: 10.1093/eurheartj/ehz746.0800.

Momtazi-Borojeni AA, Jaafari MR, Afshar M, et al. PCSK9 immunization using
nanoliposomes: preventive efficacy against hypercholesterolemia and atherosclerosis.
Arch Med Sci. 2021; 17(5): 1365-1377, doi: 10.5114/a0ms/133885, indexed in
Pubmed: 34522266.

Schneeberger A, Mandler M, Otawa O, et al. Development of AFFITOPE vaccines for
Alzheimer's disease (AD)--from concept to clinical testing. J Nutr Health Aging. 2009;
13(3): 264-267, doi: 10.1007/s12603-009-0070-5, indexed in Pubmed: 19262965.

Fehrenbacher JC, Vasko MR, Duarte DB. Models of inflammation: Carrageenan- or
complete Freund's Adjuvant (CFA)-induced edema and hypersensitivity in the rat. Curr
Protoc Pharmacol. 2012; Chapter 5: Unit5.4, doi: 10.1002/0471141755.ph0504s56,
indexed in Pubmed: 22382999.

Momtazi-Borojeni AA, Ayati SH, Jaafari MR, et al. A simple and rapid-acting approach
for the reduction of C-reactive protein. Biomed Pharmacother. 2019; 109: 23052308,
doi: 10.1016/j.biopha.2018.11.125, indexed in Pubmed: 30551488.

Ghayour-Mobarhan M, Alamdari DH, Moohebati M, et al. Determination of prooxidant--
antioxidant balance after acute coronary syndrome using a rapid assay: a pilot study.
Angiology. 2009; 60(6): 657-662, doi: 10.1177/0003319709333868, indexed in
Pubmed: 19398426.

Momtazi-Borojeni AA, Jaafari MR, Banach M, et al. Pre-Clinical Evaluation of the
Nanoliposomal antiPCSK9 Vaccine in Healthy Non-Human Primates. Vaccines (Basel).
2021; 9(7), doi: 10.3390/vaccines9070749, indexed in Pubmed: 34358164.

16


https://www.ncbi.nlm.nih.gov/pubmed/34358164
http://dx.doi.org/10.3390/vaccines9070749
https://www.ncbi.nlm.nih.gov/pubmed/19398426
http://dx.doi.org/10.1177/0003319709333868
https://www.ncbi.nlm.nih.gov/pubmed/30551488
http://dx.doi.org/10.1016/j.biopha.2018.11.125
https://www.ncbi.nlm.nih.gov/pubmed/22382999
http://dx.doi.org/10.1002/0471141755.ph0504s56
https://www.ncbi.nlm.nih.gov/pubmed/19262965
http://dx.doi.org/10.1007/s12603-009-0070-5
https://www.ncbi.nlm.nih.gov/pubmed/34522266
http://dx.doi.org/10.5114/aoms/133885
http://dx.doi.org/10.1093/eurheartj/ehz746.0800
http://dx.doi.org/https:/doi.org/10.1093/eurheartj/ehz746.0799
https://www.ncbi.nlm.nih.gov/pubmed/34151957
http://dx.doi.org/10.1093/eurheartj/ehab299
https://www.ncbi.nlm.nih.gov/pubmed/31748600
http://dx.doi.org/10.1038/s41598-019-53603-6
http://dx.doi.org/10.1038/s41598-019-53603-6
https://www.ncbi.nlm.nih.gov/pubmed/22156344
http://dx.doi.org/10.4049/jimmunol.1101736

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Banach M, Penson PE. What have we learned about lipids and cardiovascular risk from
PCSK9 inhibitor outcome trials;: ODYSSEY and FOURIER? Cardiovasc Res. 2019;
115(3): e26—e31, doi: 10.1093/cvr/cvy301, indexed in Pubmed: 30605511.

Maierean S, Webb R, Banach M, et al. The role of inflammation and the possibilities of
inflammation reduction to prevent cardiovascular events. Eur Heart J Open. 2022; 2(4):
oeac039, doi: 10.1093/ehjopen/oeac039, indexed in Pubmed: 35919577.

Shakour N, Ruscica M, Hadizadeh F, et al. Statins and C-reactive protein: in silico
evidence on direct interaction. Arch Med Sci. 2020; 16(6): 1432-1439,
doi: 10.5114/a0ms.2020.100304, indexed in Pubmed: 33224343.

Stroes ESG, Bays HE, Banach M, et al. Bempedoic acid lowers high-sensitivity C-
reactive protein and low-density lipoprotein cholesterol: Analysis of pooled data from
four phase 3 clinical trials. Atherosclerosis. 2023; 373: 1-9,
doi: 10.1016/j.atherosclerosis.2023.03.020, indexed in Pubmed: 37075696.

Lankin VZ, Tikhaze AK, Viigimaa M, et al. PCSK9 Inhibitor causes a decrease in the
level of oxidatively modified low-density lipoproteins in patients with coronary artery
diseases. Ter Arkh. 2018; 90(9): 27-30, doi: 10.26442/terarkh201890927-30, indexed in
Pubmed: 30701731.

Macchi C, Greco MF, Favero C, et al. Associations Among PCSK9 Levels,
Atherosclerosis-Derived Extracellular Vesicles, and Their miRNA Content in Adults With
Obesity. Front Cardiovasc Med. 2022; 8, doi: 10.3389/fcvm.2021.785250, indexed in
Pubmed: 35071356.

Ataei S, Momtazi-Borojeni AA, Jaafari M, et al. The Immunogenic Potential of PCSK9
Peptide Vaccine in Mice. European Heart Journal. 2022; 43(Supplement 2),
doi: https://doi.org/10.1093/eurheartj/ehac544.2354.

Yin L, Ouyang D, Lin L, et al. Salidroside regulates imbalance of Th17/Treg and
promotes ischemic tolerance by targeting STAT-3 in cerebral ischemia-reperfusion injury.
Arch Med Sci. 2021; 17(2): 523-534, doi: 10.5114/a0ms.2019.85349, indexed in
Pubmed: 33747287.

Momtazi-Borojeni AA, Banach M, Tabatabaei SA, et al. Preclinical toxicity assessment
of a peptide-based antiPCSK9 vaccine in healthy mice. Biomed Pharmacother. 2023;
158: 114170, doi: 10.1016/j.biopha.2022.114170, indexed in Pubmed: 36587555.

Li X, Wu X. Soluble epoxide hydrolase () silencing attenuates the hydrogen peroxide-
induced oxidative damage in IEC-6 cells. Arch Med Sci. 2021; 17(4): 1075-1086,
doi: 10.5114/aoms.2019.87137, indexed in Pubmed: 34336035.

Momtazi-Borojeni AA, Jaafari MR, Abdollahi E, et al. Impact of PCSK9 Immunization
on Glycemic Indices in Diabetic Rats. J Diabetes Res. 2021; 2021: 4757170,
doi: 10.1155/2021/4757170, indexed in Pubmed: 34504898.

17


https://www.ncbi.nlm.nih.gov/pubmed/34504898
http://dx.doi.org/10.1155/2021/4757170
https://www.ncbi.nlm.nih.gov/pubmed/34336035
http://dx.doi.org/10.5114/aoms.2019.87137
https://www.ncbi.nlm.nih.gov/pubmed/36587555
http://dx.doi.org/10.1016/j.biopha.2022.114170
https://www.ncbi.nlm.nih.gov/pubmed/33747287
http://dx.doi.org/10.5114/aoms.2019.85349
http://dx.doi.org/https:/doi.org/10.1093/eurheartj/ehac544.2354
https://www.ncbi.nlm.nih.gov/pubmed/35071356
http://dx.doi.org/10.3389/fcvm.2021.785250
https://www.ncbi.nlm.nih.gov/pubmed/30701731
http://dx.doi.org/10.26442/terarkh201890927-30
https://www.ncbi.nlm.nih.gov/pubmed/37075696
http://dx.doi.org/10.1016/j.atherosclerosis.2023.03.020
https://www.ncbi.nlm.nih.gov/pubmed/33224343
http://dx.doi.org/10.5114/aoms.2020.100304
https://www.ncbi.nlm.nih.gov/pubmed/35919577
http://dx.doi.org/10.1093/ehjopen/oeac039
https://www.ncbi.nlm.nih.gov/pubmed/30605511
http://dx.doi.org/10.1093/cvr/cvy301

69. Ataei S, Momtazi-Borojeni AA, Ganjali S, et al. The Immunogenic Potential of PCSK9
Peptide Vaccine in Mice. Curr Med Chem. 2023; 30(26): 3024-3031,
doi: 10.2174/0929867329666220930114429, indexed in Pubmed: 36200256.

70. Surma S, Sahebkar A, Banach M. Whether and Why Do We Need a Vaccine Against
Atherosclerosis? Can We Expect It Anytime Soon? Curr Atheroscler Rep. 2024; 26(3):
59-71, doi: 10.1007/s11883-023-01186-z, indexed in Pubmed: 38165521.

Table 1. Sequences of the immunogenic peptides used in the current study

Immunogenicity Sequence Peptide name
B cell epitope S-I-P-W-N-L-E-R-I-T-P-V-R PCSK9

T cell epitope A-Q-Y-I-K-A-N-S-K-F-I-G-I-T-E-L Tetanus
PCSKO9 peptide

SIPWNLERITPVRKKAQYIKANSKFIGITEL
vaccine

*A 2 lysine-spacer sequence (kk) as the target sequence of cathepsin protease involved antigen

processing
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Figure 1. The efficacy of the antiPCSK9 vaccine in albino mice, two weeks after the last
immunization. The sham group involved non-treated mice, the CFA group involved the CFA-
treated mice, and the vaccine group involved mice who after vaccination were treated with the
CFA. A — The antiPCSK9 antibody titer (ODmax/2) in the vaccinated and non-vaccinated
albino mice. B — The plasma concentrations of the free PCSK9 in the vaccine, CFA, and sham
groups were 97.4 + 13.8 ng/mL, 136.2 + 9.8 ng/mL, and 129.4 + 7.8 ng/mL, respectively. C —
In vitro PCSK9/LDLR binding assay. The levels of bound PCSK9 to LDLR in assays using the
plasma samples of the vaccine, CFA, and sham groups, were 26.4 + 5.4 ng/mL, 37.4 + 5.6
ng/mL, and 36.6 + 6.4 ng/mL, respectively. Data are expressed as mean + SD (10 mice per
group). Pooling of samples was performed to obtain sufficient sample volume for assay, when

needed. Statistical differences at a p-value less than 0.05 were considered to be significant
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Figure 2. The effect of the antiPCSK9 vaccine on the serum level of hs-CRP in albino mice. The
sham group involved non-treated mice, the CFA group involved the CFA-treated mice, and the
vaccine group involved mice who after vaccination were treated with the CFA. Pooling of
samples was performed to obtain sufficient sample volume for assay, when needed. Data are
expressed as mean + SD (10 mice per group). Statistical differences at a p-value less than 0.05

were considered to be significant
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Figure 3. The effect of the antiPCSK9 vaccine on the serum PAB (pro-oxidant antioxidant
balance) in albino mice. The PAB values were expressed in an arbitrary HK (Hamidi-Koliakos)
unit. The sham group involved non-treated mice, the CFA group involved the CFA-treated mice,
and the vaccine group involved mice who after vaccination were treated with the CFA. Pooling
of samples was performed to obtain sufficient sample volume for assay, when needed. Data are
presented as mean + SD (10 mice per group). Statistical differences at a p-value less than 0.05

were considered to be significant
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