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Chronic diseases in general, and those derived from 
atherosclerosis in particular, are the major health challenge 
today in both developed and developing countries (1). In 
the case of atherosclerosis is a paradox because we know the 
mechanisms that produce the disease and we have effective 
tools against those mechanisms, but for different reasons we 
cannot control in many cases the consequences of arterial 
plaques. The hopes at the end of the last century on the 
disappearance of most diseases related to atherosclerosis in the 
short term have been diluted, and these hopeful expectations 
do not seem to be fulfilled in the coming years (2,3).

Any strategy for the reduction of cardiovascular diseases 
should have as main objective the primary prevention of the 
disease and to reach this goal, we must have a clear strategy 
based on the prevention of the appearance of its risk factors 
and on their early treatment if present. Currently, most 
health efforts are focused on the treatment of subjects with 
clinical disease or with a high short-term risk of developing 
it (4), and this strategy, although effective in some cases, 
signifies a not acceptable high residual disease and costs (5).

Among the most effective strategies in cardiovascular 
prevention is the reduction of cholesterol transported in 
low density lipoproteins (LDL). Evidence for this approach 
is incontrovertible coming from multiple epidemiology, 
genetic and intervention studies. Furthermore, the studies 
of Mendelian randomization with genetic variants that 
reduce LDL cholesterol show us the enormous impact that 
population reductions of LDL cholesterol would have on 

the reduction of cardiovascular diseases if these reductions 
were applied to large population groups from the early ages 
of life (6).

At present, the reduction of LDL cholesterol is based 
on dietary and life style measures that basically consist of 
maintaining an ideal weight and reducing the intake of 
saturated fatty acids and trans fatty acids. As second step, the 
use of drugs is recommended, where statins occupy a very 
preferential place, but only in cases of high risk in the short 
term or very high concentration of LDL cholesterol (4). 
However, this strategy has many weaknesses. The results of 
clinical trials based on dietary changes, with rare exceptions 
such as the PREDIMED study with olive oil and nuts (7), 
are disappointing and it does not appear that this strategy, 
although necessary, will substantially modify the disease in 
the coming years (8). The second option, pharmacological 
treatment, has many limitations and drawbacks. Statins 
have side effects that limit their use in a non-negligible 
percentage of patients, require a daily administration over 
the years that leads to a huge therapeutic failure over time, 
taking drugs throughout life is a practice badly accepted 
by many fellow citizens, and the medication prices, will 
not be acceptable for certain economies (9). Moreover, 
although age-standardized mortality from atherosclerosis 
has diminished in many areas, the absolute number of 
cardiovascular deaths associated with atherosclerosis 
continues to increase, with the majority now occurring in 
middle- and low-income countries (3).
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It becomes necessary new strategies in reducing LDL 
cholesterol that solvents all these problems. Recently, 
Landlinger et al. have published the results of a cholesterol-
lowering vaccine that safely decrease total cholesterol, 
vascular inflammation, and atherosclerosis (10). They 
use a peptide-based vaccine directed against proprotein 
convertase subtilisin/kexin type 9 (PCSK9) called AT04A 
in the APOE*3Leiden CETP transgenic mice. a mouse 
model prone to the development of arteriosclerosis. The 
human and homolog mouse PCSK9 protein (153aa-
692aa) was formulated into the AT04A vaccine. Mice were 
immunized five times subcutaneously either with AT04A 
or a control vaccine. Four weeks after prime immunization 
normal chow was switched to a hypercholesterolemic 
diet in order to induce atherosclerosis. AT04A induced a 
strong and persistent immune response, which reached a 
maximum 12 weeks after immunization. AT04A vaccine 
treated mice showed a highly significant decrease in 
PCSK9 concentration up to 59%, plasma total cholesterol 
was decreased by 53%, and a significantly reduced 
lesion area (−64%, compared with control animals). 
Moreover, AT04A treated animals showed significative 
reductions in the arterial necrotic core areas of 77% and 
reductions in inflammatory biomarkers such as serum 
amyloid A, macrophage-derived chemokine (MDC/
CCL22), and vascular endothelial growth factor A 
(VEGF-A). Landlinger’s study is the first to show that 
active immunization against PCSK9 does not only reduces 
total cholesterol, but also vascular inflammation and 
atherosclerotic development in a mouse model of diet-
induced atherosclerosis.

Vaccination against infectious diseases has been one the 
most efficient therapeutic procedures in medical history. 
The prophylactic induction of antibodies against different 
pathogen antigens has proven to be highly effective in 
the prevention of multiple bacterial and viral infections. 
Furthermore, vaccination is a safe and well-accepted 
approach for the public and health systems, is easy to 
apply to large proportions of the population in almost 
any country, with affordable costs, and, more importantly, 
preventing rather than treating a specific disease, so many 
complications, patient suffering and disease-related costs 
can be avoided (11). An effective prophylactic vaccination 
against atherosclerosis would a breakthrough in medicine.

Numerous components of the innate and adaptive 
immune systems participate in modulating atherogenesis, 
so multiple vaccines have been attempted in the last 
decades (12). The research on human vaccination against 

atherosclerosis can be classified according to two different 
approaches: the first one is to modulate immune responses 
to increase protective immunity that, spontaneously, is not 
potent enough, or to decrease deleterious immune response 
favoring the development of the disease. Vaccinations 
against oxLDL epitopes and heat shock protein 60  
(HSP 60) are models to increase pre-existing immune 
responses considered part of the pathologic process that 
have demonstrated to protect against atherosclerosis in 
mice. In the other side of the balance is the immunization 
against mediators of inflammation involved in the 
development of the atherosclerosis lesions such as pro-
inflammatory CD4+ Th cells or certain cytokines such as 
IL1β. Many of these immunizations have demonstrated 
some benefit in animal models of atherosclerosis (13).

The second approach is to produce neutralizing 
antibodies that inhibit the effect of a proatherogenic protein 
that is chosen as antigen. Immunization with peptides 
derived from apolipoprotein B-100, the main protein of 
LDL particles or against cholesterol ester transfer protein 
(CETP) involved in the transfer of esterified cholesterol 
from HDL to apolipoprotein B-containing lipoproteins also 
significantly reduced the development of atherosclerosis (14). 
In the Landlinger’s work, mentioned above, PCSK9 was 
chosen as antigen. PCSK9 plays a fundamental role in LDL 
metabolism because binds to the LDL receptor in the cell 
surface and facilitates the degradation of the LDL receptor. 
Consequently, the reduction of PCSK9 activity is associated 
with increased LDL particle uptake by their receptors and 
reduction in LDL cholesterol concentration in blood (15).  
Moreover, gain of function mutations in PCSK9 produced 
familial hypercholesterolemia (16), and loss of function 
genetic variation in PCSK9 are associated with low 
LDL cholesterol and reduced cardiovascular risk (17).  
Recently, two large clinical trials with evolocumab and 
bococizumab, two different human PCSK9 monoclonal 
antibodies, have demonstrated the clinical benefit of passive 
immunization against PCSK9 on top of statins in subjects 
very high cardiovascular risk without any relevant side effect 
associated with treatment (18,19). However, the costs of 
monoclonals and their inconvenience for the patient could 
be major impediments for their extensive use. Therefore, all 
these data support PCSK9 protein as an excellent candidate 
for active immunization with a vaccine moving from passive 
administration to active vaccination.

Safety in addition to efficacy is a key issue in order to 
develop a successful vaccine against atherosclerosis (12). 
Therapy with monoclonal antibodies does not involve 
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active engagement of the host’s immune system that 
could associate non- desirable side effects. The safety of 
vaccination against a self-molecule, such as PCSK9, would 
result in reduced plasma concentrations of a natural protein 
with key function in the hepatic LDL receptors half-life, 
but it is expressed in the liver and also in other tissues 
and may have other important physiological functions 
than can be altered by a sustained reduction with active 
immunization (20). Non-LDL cholesterol potential 
functions of PCSK9 have been recently reviewed by 
Banerjee et al. and include: hepatic regeneration; pancreatic 
integrity; glucose homeostasis; antiviral activity; antimalarial 
activity; regulation of different cell signaling pathways; 
cortical neural differentiation; and neuronal apoptosis (20). 
At present, data from homozygous subjects for PCSK9 
null alleles with absence of PCSK9 from birth (21), and 
from large clinical trial with monoclonal antibodies against 
PCSK9 do not show any dangerous signal (18,19), but 
continuous monitoring of these populations in coming years 
will solve this important issue. Furthermore, as PCSK9 
is a cell surface molecule, an active immunization has a 
potential antibody-dependent cell-mediated cytotoxicity 
or complement-dependent cell lysis with nonspecific 
destruction of these cells (13). To improve safety it would 
be necessary, at least initially, that the immune response 
would be reversible and the factors that govern the duration 
of antibody should be taken in consideration. Probably, 
short protein-based vaccines without adjuvants seem to be 
the most likely candidates for the induction of reversible 
antibody responses that would also limit unwanted T-cell 
responses (22).

If target-related safety questions are solved and the long-
term safety data with monoclonals is good then therapeutic 
vaccination against PCSK9 will be a breakthrough to 
prevent and treat atherosclerosis. The simplicity and 
favorable cost of vaccines in comparison of monoclonal 
antibodies would result in better acceptance of patients and 
payers, even in the poorest countries. So, Landlinger’s work 
is an enormous step ahead in atherosclerosis prevention. 
Phase I clinical trial are underway with their PCSK9 
vaccine and the scientific community will be eager to 
know the safety of this treatment. PCSK9 inhibition has 
created many expectations. We already have monoclonal 
antibodies that improve cardiovascular disease, it is feasible 
than in several years a successful vaccine could be offered 
to a large spectrum of subjects worldwide. If this approach 
results in cardiovascular disease reduction, then it will be 
time to inactivate the PCSK9 gene with a technique such as 

CRISPR Cas9 (23). The future looks exiting. 
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