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Cardiovascular disease (CVD) is the leading
cause of death worldwide.! Although sub-
stantial improvement has been made regarding
CVD risk factor management, there is still an un-
met need for prevention of disease. Cholesterol,
which plays a pivotal role in atherosclerosis has
been studied widely. It was proved to be the trig-
ger of atherosclerosis and almost all clinical trials
have shown the lower was better for cholesterol.
However, there is a residual risk despite aggres-
sive lowering of low-density lipoprotein (LDL)
cholesterol. This residual risk was partially ad-
dressed by the inflammatory theory. The role of
inflammation in atherosclerosis has long been
noticed and has been proved recently.2 There are
numerous studies searching for the link between
lipids and inflammation.

Metabolomics studies small molecules within
cells, fluids and tissues. Specifically, metabolo-
mics in CVD try to underlie disturbances in car-
diac metabolism. Over the past decade metabo-
lomics which represent the interaction between
environment and genetic of the individual sub-
ject have drawn attention in better understanding
the pathogenesis of CVD.3

Sialic acid is a metabolite that was studied in
CVD and found to play an important role in ath-
erogenesis. Sialic acid is also associated with a
number of risk factors of CVD, such as dyslipid-
emia, insulin resistance and immune responses.
In a previous issue of Minerva Cardiology and
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Angiology, a review by Poznyak er al.4 tried to
evaluate sialic acid metabolism and its relation
to atherosclerosis.

Sialic acid is a nine-carbon monosaccharide
which binds to glycoproteins and glycolipids.
It has been associated with atherosclerosis via
several mechanisms. Epidemiological studies
have shown elevated levels of total plasma sialic
acid (TSA) was a risk factor for increased risk of
CVD.5 It is also an important contributor in accu-
mulation of LDL in the arterial wall. The oxida-
tion of desialylated LDL is enhanced and it can
cause accelerated atherosclerosis.®

Sialic acid is also a component of LDL recep-
tor (LDLR). Desialylated LDLR is more sus-
ceptible to degradation and is associated with
increased levels of LDL.7

Sialic acid has a role in immunomodulation in
atherosclerosis via its receptor sialic acid binding
immunoglobulin like lectin (Siglec). Sialic acid-
Siglec axis has some potential important roles
in B lymphocytes, dentritic cells, t-reg cells and
monocytes. Siglec might promote atherosclero-
sis by suppressing the protective functions of B
cells and the presence on monocytes was associ-
ated with CVD severity.8.9

There are three enzymes in the metabolism
of sialic acid: sialidase (NEU), sialyltransferase
(ST), and trans-sialidase (TS). Zhang et al.10
have shown NEU1 had a key role in myocardial
ischemia injury and pharmacological inhibition
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TABLE L.—The site of action of different drugs on sialic acid metabolism.

Drug Site of action Effect

Statin Increase sialic acid of LDL cholesterol

Fibrates Reduce TSA

Anti-viral (oseltamivir, zanamivir) Reduce TSA, block NEU1 Protect from ischemic myocardial damage
iPCKS9 Not known Hypomorphic sialidase mice has reduced

level of PCSK9; LDL degradation is
reduced and LDL-R on the surface cell can
reabsorb plasma LDL

Neu: N-acetilneuraminic acid = sialidase; TSA: (total plasma sialic acid.

of this enzyme by oseltamivir and zanamivir
protected cardiomyocytes from this injury.!0, 11
ST has a dual action in atherosclerosis, over-
expression of this enzyme could promote en-
dothelial cell repair however, it might also ac-
celerate atherosclerosis. Desialylation of LDL
might be partly catabolized by TS. Desialylated
LDL is an important contributor of atheroscle-
rosis. Antiatherosclerotic strategies could arise
from deliveries in sialic acid metabolism. Total
sialic acid (TSA) is a marker of a sustained in-
flammatory response in CVD, and oseltamivir
and zanamivir usually used for the influenza,
reducing sialic acid level, might be potential
antiatherosclerotic drugs in CVD through a lip-
id-independent pathological mechanism. They
could lower sialic acid by suppressing NEUI
activity.10

Approved drugs to treat dyslipidemia, includ-
ing statins and fibrate, alter sialic acid levels
(Table I). The statin treatment could increase

the sialic acid content of LDL in hypercho-
lesterolemic patients!2 and fibrate is shown to
reduce the serum sialic acid level in hypercho-
lesterolemic rats.!3 Moreover, PCKS9 inhibi-
tors has a central role in cholesterol treatment
(Figure 1). Yang et al. have shown that mice
with hypomorphic sialidase has lower levels of
PCSKD9 and it is likely responsible for maintain-
ing steady-state levels of LDL receptors. As a
result, reduced level of LDLR degradation en-
ables its recycling and its higher efficiency for
LDL internalization. Few studies have analyzed
the action of sialidase on PCSK9 metabolism in
human cells. Although the exact mechanism is
unknown, sialylation of LDLR appears to af-
fect its recycling or internalization, potentially
through PCSK9.14

In conclusion, sialic acid metabolism secems
an attractive target in atherosclerosis. Further re-
search is needed to fully understand this complex
metabolism to find potential therapeutic targets.
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Figure 1.—Effect of sialic acid on atherosclerosis and site of action of statins, anti-viral drugs, fibrates, and iPCKS9.
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Key messages

+ Sialic acid is a metabolite that was stud-
ied in CVD and found to play an important
role in atherogenesis.

» Approved drugs to treat dyslipidemia,
including statins and fibrates, alter sialic acid
levels.

* Sialic acid metabolism seems an at-
tractive target in atherosclerosis, but further
research is needed to fully understand this
complex metabolism to find potential thera-
peutic targets.
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