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Abstract:
Atherosclerosis is a disease of the blood vess$eracterized by plaque buildup in the arter

Immunization is the process by which an individkiatimune system becomes fortified aga
an agent. Atherosclerosis is similar to inflammgtarutoimmune diseases like rheumat
arthritis and multiple sclerosis. Data from thevioes studies suggest that these diseases m
treated by vaccination. It has been reported tiiatsing monoclonal antibodies against spec
antigens, passive immunization confers athero-ptioee effects. Atherosclerotic lesia
formation in LDL receptor (-/-) (LDLR (-/-)) mice &s significantly reduced by monoclonal Ig
preparations reactive to cardiolipin or LDL. It wasently shown that atherosclerosis in ani
models was reduced by a recombinant human IgGatibgainst an MDA-modified apoB-1(
derived peptide antigen. It is believed that oxediz.DL which causes intimal inflammation a
foam cell formation have a key role in atheros@deoNeoepitopes are the antigenic seque
that are normally absent or concealed but whicloimecavailable after the oxidation of LD
Observations from several studies have shown thahunization changes favorably t
composition of established plaques, indicated byrafesed plaque inflammation and increa
collagen content. Immunization against many infeci diseases completely preve
development of the disease; however it will not ptately prevent development

atherosclerosis. The studies performed so far lsanggested that immunization may redt
development of atherosclerosis by 50-60%. Howeawany questions need to be answered ¢
as vaccine stability, safety, durability of effe@fficacy endpoints etc.

I ntroduction: destabilization of atherosclerotic lesighs’
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Atherosclerosis is a complex, slowly  The involvement of the immune system cang

progressing chronic inflammatory disease be highlighted by the presence
that develops at sites of lipid accumulation inflammatory cells, activated immune cel
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in large and medium sized arteries. various molecules and cytokines to recruiﬁ

Inflammatory and immune responses immune cells, complements, and o
contribute to the initiation, progression and immunoglobulins in the lesions. -_‘a«)
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Accumulation of low density lipoprotein
derivatives in arteries is one of the most
essential factors causing development of
atherosclerosis: ¥

Studies from the past suggest that increased
adventitial and plaque neovascularity,
observed commonly in murine and human
atherosclerosis, plays a vital role in
advancement and  destabilization  of
atherosclerosis!

The treatment of atherosclerosis is based
upon the combination of lipid lowering
therapies and anti-inflammatory drugs. Still,
the formation or  progression  of
atherosclerotic lesions cannot be inhibited
fully. In various other disease pathologies a
very effective strategy called vaccination is
used, in which the body is challenged with
the offending protein or microorganism so
as to create a highly specific humoral
immune-responsé!

I mmunization:

Immunization is the process by which an
individual's immune system becomes
fortified against an agent (known as the
immunogen).Immunization can be divided
into active or passive immunization.
Immunomodulation  therapy aims at
exploitation of the atheroprotective aspects
of the immune system to modulate
atherosclerosis via an active or passive
immunization strategy’’

Active immunization: It occurs naturally
when the body is exposed to certain
immunogens, antigens or microbes. It also
occurs artificially in the case of vaccination.
Such exposure to immunogens, antigens or
microbes results in the production of
antibodies (antigen specifi¢y.

Active immunization with antigens related
to low-density lipoprotein: The beneficial
effect of p210 immunization depends on
cellular immune responsés.

Passive immunization: It is the transfer of
humoral immunity (as a result of ready-
made antibody transfer) from one individual
to other!®

Atherosclerosis is similar to inflammatory/
autoimmune diseases like rheumatoid
arthritis and multiple sclerosis. Data from
the previous studies suggest that these
diseases may be treated by vaccindfion.
It has been reported that by using
monoclonal antibodies against specific
antigens, passive immunization confers
atheroprotective effects. Atherosclerotic
lesion formation in LDL receptor (-/-)
(LDLR (-/-)) mice was significantly reduced
by monoclonal 1gG preparations reactive to
cardiolipin or LDL®!
It was recently shown that atherosclerosis in
animal models was reduced by a
recombinant human IgG antibody against an
MDA-modified apoB-100 derived peptide
antigen. In phase-I human trial this antibody
was proved to be safe, however in primate
model it showed anti-inflammatory activity.
Although the feasibility of passive
immunization was suggested by these
studies to modulate atherosclerosis, it still
awaits confirmatory clinical studies for
human applicatiof!
Atherosclerosisand | mmunity:
The immune system can be broadly divided
into innate and adaptive immunity which are
distinct yet overlapping, but both immunities
modulate atherosclerosis. Innate immunity
reacts rapidly in recognizing common
pathogen-associated microbial patterns, such
as unmethylated CpG DNA motif and
lipopolysaccharides in gram-negativeq
bacteria. It includes macrophages, naturgg
killer (NK) cells and mast cells. For its &
effect or mechanism it uses complementsgj
various cytokines or chemokines, and cellc
mediated cytotoxicity. Adaptive immunity g
reacts slower than innate immunity andg
recognizes specific antigenic epitopes moré&
specifically. Its cellular components include-§
T and B cells. It uses cytotoxic T cells, §
antibodies, antibody-dependent cell @
mediated cytotoxicity, chemokines and&’
cytokines. o
. O
A group of pattern recognition receptors ofg
innate immunity are the Toll-like receptors 8
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(TLR). Exogenous infectious triggers
interact with TLRs which leads to
transcription of several acute inflammatory
genes. The acute innate immune response is
characterized by the eventual release of
inflammatory cytokines. TLR4 and other
members of the TLR family are expressed
by macrophages and endothelial cells in
murine and human atherosclerotic lesions.
Atherosclerosis, plaque inflammation and
circulating inflammatory proteins in mice is
reduced by the interference in innate
immune signaling through genetic disruption
of TLR4 or its downstream signaling
adaptor molecule (myeloid differentiation

factor 88).
A naturally occurring IgM antibody with the
T15 idio type might have an

atheroprotective role. The IgM antibody is
produced by the self-renewing Bl cells
without T cell or thymic involvement; such
natural antibodies recognize the
phosphorylcholine head group present in the
phospholipid moiety of oxidized low-density
lipoprotein (LDL), apoptotic cells, and the
cell wall of pneumococcus. They reduce the
uptake of oxidized LDL by macrophages
and attenuate murine atherosclerdéis.
The concept of a vaccine
atherosclerosis:

As many serious infectious diseases have
been eradicated with the help of vaccines,
vaccination has been tested against various
non infectious chronic inflammatory or auto
immune diseases such as cancer and
Alzheimer's disease. It is believed that
oxidized LDL which causes intimal
inflammation and foam cell formation have
a key role in atherosclerosis.
Polyunsaturated fatty acids are oxidized into
phospholipids and cholestryl esters which
generate breakdown products such as
malondialdehyde and 4-hydroxy nonenal.
Together with amino acids containing free
amino groups in apolipo protein B100 which
is the main protein component of LDL, they
form covalent adducts. Apo lipo protein
B100 is degraded into numerous peptide

for
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fragments by the oxidation of LDL. As a
result of these modifications it is thought
that oxidized LDL is a target for the immune
system. In healthy individuals and patients
with cardiovascular disease, several clinical
studies have shown the presence of
circulating auto antibodies to oxidized LDL;
however the relationship between the
antibody titer and cardiovascular disease has
been inconsistent.

Neoepitopes are the antigenic sequences that
are normally absent or concealed but which
become available after the oxidation of
LDL. To identify the potential antigenic
epitopes, the structure of apolipo protein
B100 component of LDL was studied. These
epitopes could be responsible for the
atheroprotective effects of immunization
with oxidized LDL. Among the various
potential antigenic epitopes, only 102 have
been found to be associated with an
antibody response in pooled human serum
many observations have raised the
tantalizing possibility of atheroprotective
vaccination strategy based on certain
specific apolipo protein B100 related
peptide epitopes. The efficacy of this
approach in the prevention of early
atherosclerosis lesions when used before
significant lesion development have been
demonstrated by most of the experimental
studies of immunization with oxidized LDL
and peptide antigens specific for oxidized
LDL. However, it has to be established
whether immunization is beneficial after

. n
lesions have already formed. Many—
investigations have been carried out to Knows
if the immunization slows plaque &

progression and induces stabilization of-%j
existing plaqué™! '
Limitations:

Observations from several studies havé
shown that immunization changes favorablyc
the composition of established plaques%
indicated by decreased plaque inflammationg

roni

and increased collagen  contéht. @
Immunization against many infectious g
diseases completely prevents developmen_g
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of the disease, however it will not Sequences. ThrombVasc Biol. 2003; 23:
completely prevent development of 879-884.

atherosclerosis. The studies performed so far 5. Kuang-Yuh Chyu, Prediman K. Shah.
have suggested that immunization may Choking off Plaque Neovascularity: A
reduce development of atherosclerosis by Promising Atheroprotective Strategy or
50-60% 9! A Double-Edged Sword? Arterioscler
Conclusion: Thromb Vasc Biol. 2007; 27:993-995.
A novel approach to the management of DOl:

atherosclerotic cardiovascular disease is 10.1161/01.ATV.0000265524.41376.e7
represented by the immunomodulation 6. Saskia C. A. de Jager; Johan Kuiper.

responses involved in atherosclerosis with Vaccination strategies in atherosclerosis.

the help of vaccines and passive Thromb Haemost 2011; 106: 796—-803

immunization with antibodies, particularly DOI: 10.1160/TH11-05-0369

to apolipoprotein-B100-related peptid@. 7. Kuang-Yuh  Chyu, Jan Nilsson,

Several studies have shown a possibility in Prediman K. Shah. Immunization for

preventing atherosclerosis by vaccinafidh. Atherosclerosis. Current Atherosclerosis

However, many questions need to be Reports 2007, 9:104-109.

answered such as vaccine stability, safety, 8. Kuang-Yuh Chyu, Prediman K. Shah.

durability of effects, efficacy endpoints etc. Advances in immune-modulating

(6] therapies to treat atherosclerotic
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