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Understanding of the pathophysiology of atherosclero-
sis has changed markedly over the past few decades. It is
now widely accepted that inflammation plays a fundamen-
tal role in the genesis and development of atherosclero-
sis. Inflammatory mechanisms also appear to determine
clinical presentation and disease outcome.
Atherosclerotic lesions have high concentrations of in-
flammatory cells (T lymphocytes and activated macropha-
ges) as well as an abundance of pro-inflammatory cytoki-
nes [interleukin (IL)-1, IL-6, IL-8, interferon-y, tumor
necrosis factor-a, etc.] that modulate local inflammatory
responses. These may also alter plaque stability and faci-
litate the development of acute cardiovascular events.
The role of anti-inflammatory cytokines in this context re-
mains to be studied. IL-10 is an anti-inflammatory cytoki-
ne synthesised by T-lymphocytes and macrophages and
has other anti-inflammatory effects. IL-10 expression wit-
hin human atherosclerotic plaques has been demonstra-
ted and animal experiments have shown that low levels of
IL-10 lead to the development of extensive and unstable
atherosclerotic lesions. Currently available evidence sug-
gests a potential protective role for IL-10 in atherosclero-
sis. This new perspective on coronary disease as a chro-
nic inflammatory process may open new avenues for the
management of ischemic heart disease.
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Interleucina-10 y enfermedad coronaria

Los conocimientos actuales de la fisiopatologia de la
aterosclerosis divergen marcadamente de los de las ulti-
mas décadas. Hoy dia se acepta de manera generalizada
que la inflamacién desempefia un papel fundamental en
el desarrollo y progresion de las lesiones aterosclerdti-
cas, condicionando la aparicion de manifestaciones clini-
cas en la evolucion. El estudio histopatolégico de las le-
siones ateroscleréticas revela la presencia de células
inflamatorias (linfocitos T y macrofagos activados), asi
como de abundantes citocinas proinflamatorias (IL-1, IL-
6, IL-8, TNF-a, INF-y, etc.), que modulan la respuesta
inflamatoria local, alterando la estabilidad de la placa y
favoreciendo el desarrollo de acontecimientos cardiovas-
culares agudos. Sin embargo, el papel de las citocinas
antiinflamatorias no ha sido tan bien estudiado. La IL-10
es una citocina antiinflamatoria capaz de inhibir la sinte-
sis de citocinas proinflamatorias por los linfocitos T y los
macréfagos, asi como otras funciones inflamatorias de
estas células. Su presencia ha sido demostrada en las
placas ateroscleréticas humanas y se ha objetivado en
estudios de experimentacién animal que los bajos valores
de IL-10 condicionan el desarrollo de lesiones ateroscle-
réticas mas extensas y morfolégicamente mas inestables.
Las evidencias disponibles en la actualidad sugieren un
potencial papel protector de la IL-10 en el desarrollo de la
aterosclerosis. Este nuevo enfoque de la enfermedad co-
ronaria como una enfermedad inflamatoria crénica puede
abrir en el futuro nuevos caminos para la investigacion en
el campo de la cardiopatia isquémica.
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INTRODUCTION

Coronary artery disease (CAD) is highly prevalent
and one of the most important causes of morbidity and
mortality in industrialized societies.!” The underlying
process in CAD is atherosclerosis, and it is currently

Correspondence: Dr. Prof. J.C. Kaski.

Head of Coronary Artery Disease Research Unit.
Cardiological Sciences, St. George’s Hospital Medical School.
Cranmer Terrace, London SW17 ORE.United Kingdom.
E-mail: jkaski@sghms.ac.uk

738 Rev Esp Cardiol 2002;55(7):738-50

considered a chronic inflammatory disease of the arte-
rial wall.>* The most severe clinical presentation of
this process is an acute coronary syndrome (unstable
angina and infarcts [AMI),*® which occurs secondary
to the occlusion of the diseased arteries.

Histological study of the atherosclerotic plaques re-
veals the presence of progressive infiltration and ac-
cumulation of lipids, inflammatory cells (monocy-
tes/macrophages, T-lymphocytes), smooth muscle
cells (SMC), and an extracellular matrix in the arterial
wall.!2

The identification of the inflammatory cells in the at-
herosclerotic lesions, as well as the complementary fac-
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ABBREVIATIONS

DIC: disseminated intravascular coagulation.
SMC: smooth muscle cell.

CMYV: cytomegalovirus.

COX-2: cyclooxigenase-2.

APC: antigen presenting cells.

ED: endothelial dysfunction.

DNA: deoxyribonucleic acid.

CAD: coronary artery disease.

TF: tissular factor.

G-CSF: granulocyte colony stimulant factor.
GM-CSF: granulocyte and monocyte colony
stimulant factor.

HSV: herpes virus simplex.

AMI: acute myocardial infarction.

ICAM-1: intracellular adhesion molecule-1.
IL: interleukine.

INF-y: interferon .

iNOS: nitric oxide synthetase.

LDL: low density lipoproteins.

MM-LDL: minimally modified LDL.
ox-LDL: oxidized LDL.

LPS: lipopolysacharide.

MHC-II: major histocompatability complex class II
molecules.

MCP-1: monocyte chemoattractant protein-1.
M-CSF: macrophage colony-stimulating factor.
ECM: extracellular matrix.

MMP: metalloproteinase.

NF-kf: nuclear factor kp3.

NO: nitric oxide.

RPC: reactive protein-C.

PDGF: plaque-derived growth factor.

PGI2: prostaglandin 12.

mRNA: messenger ribonucleic acid.

MPTI: metalloproteinase tissular inhibitor.
Thl: type 1 T-helper cells.

TNF-ai: tumor necrosis factor-o.

VCAM-1: vascular cell adhesion molecule.
VEGEF: vascular endothelial growth factor.

tors, immunoglobulins, cytokines,*® and others, impli-
cates the involvement of the immunological system in
atherogenesis. During this inflammatory reaction, a gre-
at quantity of cytokines is produced by macrophages
and activated T-cells present in the plaque,® charged
with modulating inflammatory response. This process
may alter plaque stability and favor the development of
acute events.” Nevertheless, the manner in which this
local or systemic, or both, immunological response is
initiated and propagated to produce or favor the deve-
lopment of atherosclerotic lesions is still not completely
clear.
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Numerous studies of experimental animals fed with
diets rich in cholesterol have shown that immunosup-
pression causes the development of more extensive
and more severe atherosclerotic lesions as compared
to controls.!*12

In recent years, multiple scientific studies have emp-
hasized the role of the immunological system cells
(monocytes, lymphocytes, etc.) and pro-inflammatory
cytokines (TNF-a, IL-1p, IL-6, INF-y, etc.)>!*"7 in the
development of atherosclerosis. Nevertheless, there is
little evidence available on the potential role of anti-
inflammatory cytokines in this process.

The aim of this article is to review the knowledge
currently available concerning the potential protective
role of anti-inflammatory cytokines, specifically inter-
leukine 10 (IL-10), in the pathogenesis and develop-
ment of atherosclerotic lesions.

PHYSIOPATHOLOGY OF ATHEROSCLEROSIS

The development of atherosclerotic lesions is a pro-
cess that begins in the second or third decades in the
life of an individual, and can be divided into various
stages through which the composition of the atheros-
clerotic plaque changes progressively until it acquires
the morphology of a mature plaque.

Endothelial dysfunction

The first event in the development of atherosclerosis
is the appearance of endothelial dysfunction (ED).>!3-2!
The endothelium plays an important part in maintai-
ning the equilibrium of vascular bed function. It has a
regulatory role in vasomotor tone by the production of
vasodilator substances, such as nitric oxide (NO) and
prostacycline (PGI2), and also of vasoconstrictor subs-
tances such as endothelin 1 and angiotensin II.22 It also
possesses anti-atherogenic (antiaggregate, anti-adhesi-
ve, anti-proliferative and antioxidant) and anti-inflam-
matory properties, segregating chemoattractant subs-
tances from monocytes and lymphocytes, as well as
modulators of vascular growth.?26

There are multiple causes of ED that favor the deve-
lopment of atherosclerosis including the presence of
elevated modified LDL values (ox-LFL, MM-LDL);
free radicals; immunoregulatory substances (TNF-a,
IL-1B, LPS); infectious microorganisms (HSV,
Chlamydia, CMYV, etc.); genetic alterations; elevated
serum homocysteine values, and classic risk factors
(hypertension, diabetes, smoking).?’8

Endothelial dysfunction leads to a loss of the ho-
meostatic functions of the endothelium, resulting in
the adhesion of plaques and inflammatory cells (mo-
nocytes and lymphocytes to the vascular wall;*’ an in-
crease in endothelial permeability that allows the de-
posit of modified LDL at the intimal level;* a
liberation of cytokines and growth factors that produ-
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ces the proliferation of smooth muscle cells and the at-
traction of more inflammatory cells to the altered arte-
rial wall.?”” As a consequence, it also causes perturba-
tion of the thrombolitic-thrombotic equilibrium in the
endothelial bed that promotes the development of th-
rombotic phenomena, such as the abnormal regulation
of vasomotor tone secondary to decreased bioavailabi-
lity of NO, with the subsequent tendency to arterial
vasoconstriction.?%3!

The role of low-density lipoproteins (LDL).
The formation of fat striae

The first histopathological change detectable in the
early phases of atherosclerosis is the accumulation of
LDL particles in the subintimal space.’? These LDL
undergo an oxidation process that activates the endot-
helium, favoring the development of atherosclerotic
plaque.**3* The modified (oxidated) LDL cause the ex-
pression of adhesion molecules ICAM-1, VCAM-1)*
and the synthesis of monocyte chemoattractant pro-
tein-1 (MCP-1) by the endothelial cells. This favors
the union of the circulating monocytes and lymphocy-
tes to the dysfunctional endothelium and later the mi-
gration of these cells to the sub endothelial space, pro-
moting, at the same time, the differentiation of
monocytes to macrophages.*® The oxidated LDL also
change the production of free radicals and NO, favo-
ring oxidative stress in the arterial wall,>**" increa-
sing the apoptosis of the endothelial cells.*

The monocytes that are attracted to the dysfunctio-
nal endothelium by liberated chemoattractants adhere
to the wall via the adhesion molecules (ICAM-1,
VCAM-1) expressed by the damaged endothelial cells,
internalize in the sub endothelial space and mature
into macrophages, which capture the ox-LDL to trans-
form themselves into frothy cells, initiating in this way
the formation of fat striae.’

These cells loaded with lipids produce free radicals
for the specific oxidation of LDL and free new cytoki-
nes for the attraction of more monocytes and lymp-
hocytes to the dysfunctional endothelium and for the
migration and proliferation of SMC in the intima.3*3-4
These processes auto perpetuate the mechanism that
favors the development and progression of atheroscle-
rotic plaque.

Vulnerability of atherosclerotic plaque

Atheromas are dynamic structures where equili-
brium exists between the destructive influence of the
inflammatory cells and the stabilizing effect of
SMC.*2 The latter are responsible for synthesizing ex-
tracellular matrix (ECM) proteins, the principal com-
ponent of the fibrous cover of atherosclerotic plaques
that gives the lesion stability.*® In atherosclerotic pla-
ques there is a balance between the processes of synt-
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hesis and collagen degradation that are narrowly con-
trolled by the inflammation mediators and regulate the
contents of same in atherosclerotic lesions.*

The vulnerable plaque (that have a tendency to rup-
ture) are characterized by a highly lipidic nucleus, an
elevated infiltration of inflammatory cells (macro-
phages and T-lymphocytes), few SMC, and a thin fi-
brous cover.*!** The plaque-activated T-lymphocytes
produce INF-?, which inhibits the proliferation of
SMC and their ability to synthesize collagen.*® The
activated macrophages produce metalloproteinases
(gelatinase, stromelysine, and interstitial collagena-
se) that degrade the ECM proteins, favoring the dis-
ruption of plaque,*® and synthesizing the tissular fac-
tor (TF),” 1 of the principal activators of the
coagulation cascade, which promotes thrombosis of
the plaque. These macrophages also induce the
apoptosis of the SMC, with a consequent decrease in
collagen synthesis and weakening of the fibrous cap,
destabilizing the plaque.’®

In addition to the monocytes, the T-lymphocytes are
equally attracted to the dysfunctional arterial wall by
chemoattractant substances, and they are activated at
the wall, initiating the production of more cytokines
such as INF-y, TNF-o; interleukins (IL-1, IL-2, IL-6,
IL-8) and growth factors such as GM-CSF that activa-
te the monocytes present in the plaques and favor their
proliferation, enabling a local inflammatory respon-
se.3’39’40’48

The result of the interaction of these factors is a pro-
gression of the atherosclerotic lesion from its initial
state of fat striae to complex atherosclerotic plaque.®
The rupture or ulceration of the unstable plaque results
in the exposure of the procoagulant and prothrombotic
surfaces to the blood, causing the activation of plate-
lets and the formation of thrombi, which can trigger
clinical complications by occluding the vessel lumen
or producing asymptomatic plaque growth.®>°

Therefore, in all the different developmental studies
of atherosclerotic plaques, signs of chronic inflamma-
tion can be noted, and various physiopathological me-
chanisms that influence the development, progression,
and instability of atherosclerotic lesions have been
described.?

INFLAMMATION AND ATHEROSCLEROTIS

Traditionally, atherosclerosis has been considered an
illness caused by the accumulation of lipids, where the
vulnerable plaques are those with greater lipidic nuclei
and a thin fibrous cap, whose rupture would respond
to the forces of mechanical stress. Nevertheless, today
there is scientific evidence that confirms the role the
inflammatory response, whether local or systemic,
plays in the development of the atherosclerotic process
and in triggering acute cardiovascular events (Figure
1).5! Patients with unstable angina have elevated reac-
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tant values in the acute stage (reactive protein-C
[RPC]), serum amyloidal A, fibrinogen) and proin-
flammatory cytokines (IL-1, IL-6, IL-8)°* (Figure 2).
The elevated levels of these inflammation inhibitors
(RPC, fibrinogen, amyloid A, IL-6) are sensitive mar-
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kers for inflammation and correlate with the develop-
ment of coronary artery disease and its severity,>>>* as
well as the presence of acute coronary events.>>*® The
RPC, in addition to being considered an independent
predictor of the development of cardiovascular com-
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plications, appears to play a role in the pathogenesis of
atherosclerosis, as it has been associated with an incre-
ase in the risk of thrombosis as it has been associated
with an increased risk of cardiovascular complications
by promoting the expression of tissular factor by the
monocytes®’ and activating the complement cascade.’!
It has also been observed that it promotes the expres-
sion of adhesion molecules by the endothelial cells
and increases cLDL capture by the macrophages in the
plaque by opsonization.*

IL-6 is a cytokine with potent pro-inflammatory pro-
perties that induces the expression of reactants in the
acute phase (the major inducer of hepatic production
of RPC) and the migration and differentiation of the
activated macrophages.’® It also contributes to trigge-
ring acute coronary syndromes by enabling the synthe-
sis of metalloproteinases and the expression of LDL
receptors in the macrophages, as well as an increase in
cLDL capture and the secretion of chemoattractant
substances, such as MCP-1, by the same.” Finally, it
regulates the expression of adhesion molecules and
cytokines, such as IL-1B, and TNF-o, which increases
the inflammatory reaction.”® At the same time, the li-
beration of IL-6 is stimulated by IL-1, both acting to-
gether and with TNF-a,, increasing the synthesis of IL-
8 and reactants in the acute phase.*?

IL-1 also induces the expression of genes for the
synthesis of activating factors of the coagulation sys-
tem and fibrinolysis inhibitors and the migration of
neutrophils to the sub endothelial space, mediated by
an increase in the expression of adhesion molecules in
the endothelial cells and in the production of GM-CSF
(granulocyte and monocyte colony stimulant factor).”

IL-8 ins a pro-inflammatory cytokine produced by
various types of cells, including monocytes, macro-
phages, and T-lymphocytes, and its presence has been
detected in frothy cells in human atheroma plaques. It
has associated prothrombotic properties by increasing
the procoagulant activity of the monocytes, by increa-
sing the synthesis and expression of the tissular factor
on the surface of these cells, and pro-atherogenic pro-
perties by decreasing MPTI-1 (metalloproteinase tis-
sular inhibitor 1) properties, which favors the predo-
minance of the degradation of the fibrous cap of the
plaque over synthesis.®

The synthesis of pro-inflammatory cytokines is me-
diated in large part by the nuclear transcription factor
NF-k. This is associated with the induction of protein
codifying genes, which are vital for the inflammatory
processes related to the rupture of atherosclerotic pla-
ques. This factor is activated by diverse stimuli, such
as cytokines, viruses, mitogenes, pathogenic microor-
ganisms, modified LDL, oxidative stress, etc.®! The ac-
tivation of this factor has been detected in macropha-
ges, endothelial cells, and SMC of atherosclerotic
plaques,®*®* and there are experimental studies that de-
monstrated direct correlation between NF-kf activity
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and the severity of the coronary lesions.”! NF-kf is
found in the form of an inactive heterodimer in the cy-
toplasm bound to protein inhibitors that are generi-
cally known as I xf3.% This heterdimer consists of 2
sub-units, p50 y p65. When the cell is activated by 1
of the previously mentioned agents, I k3 phosphorila-
tes and undergoes ubiquitination, which acts as a sig-
nal for its protelitic degradation. The p50/65 dimer re-
locates to the nucleus and activates the transcription of
target genes that induce the expression of cytokines
(TNF-), interleukins (IL-1, IL-2, IL-6, IL-8), growth
factors (MCSF, GM-CSF, G-CSF), chemoattractant
substances (MCP-1), adhesion molecules (ICAM-1,
VCAM-1, E-selectin), and enzymes (MMP, iNOS,
COX-2),%465 that enable the local inflammatory res-
ponse and destabilize the atherosclerotic plaque.

The inflammatory cells present in the atheromatous
plaque express the immune mediator CD40 and its li-
gand CD40L.% The existence of positive T-cells for
accumulated CD40L in the plaques, principally in pla-
que rapid growth areas and with a greater tendency to
complication, suggests that this ligand intervenes in
the pathology of the process. The interaction of CD40
with its ligand promotes a humeral and cell response
cellular.’” The interruption of this union via the admi-
nistration of anti-CD40L antibodies limits, experimen-
tally, the development of certain autoimmune illnesses
such as lupus nephritis, multiple sclerosis, thyroiditis,
implant rejection disease, and others.®7> Tt has also
been shown in vitro that the interaction of CD40 and
CDA40L activates functions related to atherogenesis, in-
cluding the production of pro-inflammatory cyto-
kines,”! metalloprteinases,’”>’* and the expression of
adhesion molecules” and tissular factor.”

THE ROLE OF IL-10 IN ATHEROSCLEROSIS

Among the anti-inflammatory cytokines, IL-10 is
considered the anti-inflammatory interleukine par ex-
celance.”” Tt was originally identified as the inhibi-
tory factor in cytokine synthesis (CSIF),’® as it inhibits
the production of cytokines by T-lymphocytes, parti-
cularly IFN-y, by Thl cells in the murine systems.”
Nevertheless, this inhibition is only seen when the ma-
crophages act as antigen presenting cells (APC).%

Later studies revealed that IL-10 is in fact a cytoki-
ne with pleiotropic properties that acts on different ty-
pes of cells, including thymocytes,’! cytotoxic T-
cells,3? mastocytes,® B84 cells, and
monocytes-macrophages.3°

IL-10 is principally produced by a lymphocyte
subtype CD4+ (Th2) and also in large quantities by
macrophages. It is a cytokine with potent anti-inflam-
matory properties that is capable of inhibiting impor-
tant functions of these 2 types of cells.”®” Therefore, it
has been described as inhibiting the production of pro-
inflammatory cytokines by macrophages and T85
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cells, activated by various stimuli.

IL-10 has been identified in early and advances at-
herosclerotic lesions,**#7 principally located in the cy-
toplasm of the macrophages, although it is also located
in SMC and the extracellular matrix.%’

Inflammatory properties of IL-10: action
mechanisms

One of the first properties attributed to IL-10 was its
capacity to inhibit the synthesis of cytokines. There
are many published studies supporting this affirma-
tion. Waal Malefyt et al”® showed that both human IL-
10 or its viral recombinant form added to monocyte
cultures activated by INF-y or LPS, or both, as is pro-
duced endogenously in response to these stimuli, was
capable of inhibiting the production of inflammatory
cytokines, including IL-1a, TL-1f, TL-6, IL-8, TNF-a.,
INF-y, GM-CSF and G-CSF by the monocytes. Added
to these effects, endogenous IL-10 has an auto regula-
tory effect on it own production, reducing the synthe-
sis of mRNA IL-10 by the activated monocytes. Wang
et al®® showed that it could also act on T-cells, inhibi-
ting the production of IL-2, TNF-f3, INF-y and GM-
CSF. It also decreased the expression of major histo-
compatability complex class II molecules (MCH II) by
the monocytes/macrophages, and the capacity of these
to act as antigen presenting cells, ultimately limiting
the specific proliferative antigen response of T-lymp-
hocytes™® and, therefore, the inflammatory response.

Various mechanisms have been proposed for the
manner in which IL-10 inhibits the synthesis of pro-in-
flammatory cytokines. One of the most studied is the
inhibition of the nuclear transcription factor NF-xf3 by
IL-10 in monocytes and T-cells by the intervention of
secondary oxygen free radical messengers.” This re-
sults in a reduction in the synthesis of pro-inflamma-
tory interleukins, adhesion molecules, growth factors,
and chemoattractants of immunological system cells
that limit the local inflammatory response in the pla-
que. This IL-10 action mechanism differs from that of
IL-4, another anti-inflammatory interleukine that also
inhibits the synthesis of pro-inflammatory factors, but
by a process that does not involve NF-kf3 but secon-
dary to an increase in mRNA degradation of said mo-
lecule.®

O“Farrel et al proposed as another possible mecha-
nism to explain the anti-inflammatory effects of IL-10
the inhibition of interferon production via the activa-
tion of STAT group transcription factors.® In a parallel
manner, it has been demonstrated that IL-10 can inhi-
bit the expression of pro-inflammatory genes that pre-
sent areas rich in AU (ARE),” such as TNF-o, IL-10q,
IL-1B, BGM-CSF, IL-8, and others, destabilizing its
mRNA by acting on these ARE mofits.”!

In addition, it has been shown that IL-10 is capable
of inhibiting monocyte response mediated by CD40-
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CDA40L interaction, which appears play relevant role
in atherosclerosis.’” Mach et al demonstrated that the
in vivo block of this interaction by antibodies in mice
subjected to an atherogenic diet limited the size of the
atherosclerotic plaques, reduced it lipidic content,
T-cells and macrophages, and decreased the expres-
sion of adhesion molecules (VCAM-1).9” Therefore,
this experimentsl animal model demonstrates another
mechanism by which IL-10 appears to play a protecti-
ve role by limiting the development of atherosclerotic
lesions.*>%

IL-10 modulates the immune cell response

We have seen that T-cells participate in the immuno-
logical response via the liberation of cytokines.
Within the helper T-cells there are 2 types that may
mediate different immunological responses. Thl cells
principally produce IL-2 and INF-y, which is associa-
ted with the activation of macrophages and other T-
cell subtypes. On the other hand, Th2 cells basically
synthesize IL-4 and IL-5, which increase the humeral
response and inhibit the Th1 cell response, which pre-
dominates in unstable atherosclerotic plaques.™

IL-10, together with IL-12, plays an important part in
the regulation of these 2 types of immunological respon-
se. IL-12 is an important T-cell growth factor® that is
principally produced by activated monocytes® and se-
lectively induces a Th197 pattern of immunological res-
ponse. Uyemura et al®' showed the presence of IL-12 in
atherosclerotic plaques. This enables the chronic inflam-
matory response of the plaque T-cells and macrophages,
leading to the destabilization and rupture of the plaque
by various mechanisms. Among these is the liberation of
INF-y® by Thl cells, stimulating the synthesis of MMP
by the macrophages and producing a decrease in the ex-
pression of genes for collagen synthesis by SMC and an
increase in the apoptosis in said cells, finally destabili-
zing the plaque by weakening its fibrous cover. In addi-
tion to role of regulating the immune cell response, INF-
v is capable of potentiating VCAM-1, MHC II, and LDL
receptors in vascular cells.*®

An experimental study on apoloprotein E deficient
mice showed that the MRNA of IL-12 is detected
early in atherosclerotic plaques that the mRNA of IL-
10, and that the daily administration of IL-12 accelera-
ted the development of atherosclerosis in the mice.”®

The Uyemura group®! proposed that the endogenous
production of IL-10 by T-cells and activated human
monocytes, in response to modified LDL stimulation,
inhibits IL.-12 production and, therefore, facilitates the
Th2 immune response decreasing the pro-inflamma-
tory response. These findings suggest that a cross-re-
gulation exists in the production of IL-10 and IL-12
that modulates the local inflammatory response.
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The presence of IL-10 in atherosclerotic
plaques

IL-10 has been identified in early and advances sta-
ges of atherosclerotic lesions, principally located in
the macrophage cytoplasm, although it is also in SMC
and the extracellular matrix (Figure 1).36%7

Mallat et al®” showed, in humans, not only the pre-
sence of IL-10 in atherosclerotic plaques but also that
a strong association exists between the high IL-10 va-
lues in the lesions and a reduction in iNOS (nitric oxi-
de sythetase) expression and cell death in the pla-
ques.””!% This suggests that IL-10 plays an important
role in limiting the local inflammatory response, pre-
venting excessive cell death in the plaque and promo-
ting, consequently, its stability.

It is known that NO is produced under normal con-
ditions by endothelial cells and that it has important
vasodilator and antiatherogenic properties, by inhibi-
ting plaque aggregation, the activation of adhesion
molecules, and the proliferation and migration of
SMC.'! In initial studies of atherosclerosis, before the
lesions visible on angiography appeared, endothelial
dysfunction was already present, which caused a redu-
ced NO bioavailability, whether by a decrease in its
synthesis, !%? its liberation,!®

or by an increase in its inactivation.'® On the other
hand, it promotes the synthesis of iNOS, allowing it to
bind to super oxidized anions. As a consequence, it
produces an increase in the oxidative stress of the at-
herosclerotic lesion and with it a tendency to vaso-
constriction, greater LDL intravascular oxidation, and
the activation of NF-kf, promoting the expression of
genes causing the inflammatory response and stabili-
zing the plaque.'®

Toshiyuki et al'® showed in in vitro studies that en-
dogenous IL-10 plays an essential role in protecting
macrophages infected by salmonella from cell death
by preventing the excessive production of TNF-o by
destroying the bacteria. TNF-at has been shown to be
capable of inducing cell death by apoptosis in various
types of cells, in addition to being and important me-
diator of inflammatory effects.!%6:107

Cohen et al®” later showed that in vitro IL-10 could
inhibit the apoptosis of T-cells, and that this was me-
diated in part by the over-expression of Bcl-2 protein,
preserving in the lymphocytes rescure from apoptosis
their capacity to proliferate upon IL-2 stimulation.

Interleukin-10 and the vulnerability
of atherosclerotic plaque

It is known that one of the principal conditions for
the destabilization of atherosclerotic plaques is the de-
gradation of the extraxcellular matrix (ECM) and the
fibrous collagen cover. The macrophages present in
the plaques are in charge of modulating the exchange
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of the ECM, synthesizing and segregating degrading
ECM enzymes, called metallproteinases (MMP), as
well as its corresponding inhibitors (MPTI). The prin-
cipal MMP studied are interstitial collagenase, stro-
melysine, and gelatinase 92 Kid and 72Kd. These are
initially synthesized inactively and are later activated
by various stimuli such as oxidative stress, and pro-in-
flammatory cytokines.'”® There are also 2 types of
MMP inhibitors: MPTI-1 and MPTI-2.'% MPTI-1 inte-
racts with active forms of collagenase and stromelysi-
ne, as well as with the precursor and active form of ge-
latinase 92Kd. MPTI-2 specifically inhibits the
proenzyme and active form of gelatinase 72Kd.!%

Lacraz et al'® showed in in vitro experiments that
IL-10 has a specific regulatory effect on
macrophag4es and monocytes, overriding MMP synt-
hesis and stimulating instead the synthesis of its inhi-
bitor, MPTI-1. This suggests that IL-10 has powerful
anti-inflammatory effects, counteracting the degrada-
tion of the macrophages and changing the
protease/anti-protease balance, favoring the preserva-
tion of EMV and the fibrous cover, giving the plaque
stability.

Regulation of prothrombotic events:
the role of IL-10

One of the important factors in the triggering of an
acute coronary syndrome is arterial occlusion by a th-
rombus superimposed on a complicated pla-
que 334100 Among the triggers of intravascular th-
rombosis is the expression by endothelial cells and
monocytes of the tissular factor (TF).!'?

This is 1 of the principal initiators of the coagulation
cascade in vivo, by binding to factor VII and favoring
its activation. The complex formed by TF/FVIIa later
activates factors X and IX from the common coagula-
tion pathway.

TF is not expressed in the cells under normal condi-
tions, but as a response to various stimuli, endotoxine
(LPS) being the most effective, but also to pro-inflam-
matory cytokines (IL-1, MCP-1, growth factor from
PDGEF platelets, and others).!!?

In 1993, Pradier et al''* showed in in vitro experi-
ments on isolated monocytes that IL-10 has and inhi-
bitory effect on the expression of TF by the cells in
response to the previously mentioned stimuli, that is
transcriptional inhibition (mRNA).!5

These findings were later confirmed by Landmark et
al,""® who observed that IL-10 maintained its inhibi-
tory effect in vivo over TF expression by the monocy-
tes when induced by LPS, also acting on mRNA. In
another recent study on humans in whom endotoxemia
was experimentally induced, IL-10 was shown to be
capable of inhibiting the action of the coagulation sys-
tem as well as attenuating fibrinolysis.!"’

All the preceding suggests that IL-10 could be very

70



useful in the treatment of some pathologies that pre-
sent an increased risk of thrombosis due to monocyte
procoagulant activity, such as DIC or ischemic heart
disease.!'®

Experimental evidence of the protective role
of IL-10 in atherosclerosis

IL-10 is cytokine that has an important regulatory
effect on the immune response. Its capacity to inhibit
the synthesis of cytokines and various cell functions of
macrophages and T-lymphocytes converts IL-10 into a
powerful anti-inflammatory agent. If we extrapolate
this concept to atherogenesis, understood to be a chro-
nic inflammatory disease of the vascular wall, we can
hypothesize that this molecule could play a protective
role in the pathogenesis of atherosclerosis.

Multiple experimental in vivo and in vitro animal
studies have been performed, and the results support
the theory of the protective role of IL-10, in the forma-
tion as well as in the stabilization of atherosclerotic
plaque. Mallat et al'® demonstrated that C573L/6J
mice deficient in IL-10 (IL 10-/-) had increased sus-
ceptibility to the development of atherosclerotic le-
sions compared to wild mice (producers of IL-10, IL
10+/+). Also, on studying the composition of atheros-
clerotic plaques, it was observed that in the IL10-/-,
mice there was a greater infiltration of inflammatory
cells, increased IFN-y (characteristic of the Thl res-
ponse) and a lower collagen content with respect the
plaques of wild mice, findings that suggest that these
plaques are more vulnerable or unstable with a higher
tendency to rupture.’ Later, on studying the effect of
DNA transfer of IL-10 to the IL-10-/- mice fed an at-
herogenic diet they achieved a 60% reduction in the
size of the atherosclerotic lesions. On the other hand,
they proved that in IL-10-/- mice in an environment
free of pathogens, the total atherosclerotic lesion sur-
face was 4 to 5 times less than the IL-10-/- mice sub-
jected to normal conditions, in spite of not finding dif-
ferences in their lipidic profile. This data supports the
theory of the intervention of pathogenic microorga-
nisms in the development of atherosclerosis.'"’

In summary, this study demonstrates that IL.-10 has a
profound impact both on the development and the
composition of atherosclerotic lesions, as well as a
protective effect against environmental pathogen.
These findings were later corroborated by Pinderski et
al,'® who demonstrated in vivo that transgenic IL-10
mice over-expressing IL-10 in T-cells, upon being fed
an atherogenic diet showed a significant reduction in
the development of atherosclerotic lesions as compa-
red to wild mice or IL-10 deficient mice under the
same conditions (Figure 3). It was also observed that
the latter also developed larger lesions, with more in-
flammatory infiltrate, lipidic infiltrate, and a nearly
imperceptible fibrous cover. In a parallel manner, the
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experiments in vitro of this group showed that pretre-
atment with IL-10 in these mice could inhibit the inte-
raction of LDL-activated monocytes with the endothe-
lium and their adhesion to same. This may be
explained in part by the capability of IL-10 to inhibit
the expression of adhesion molecules (VCAM-1,
ICAM-1) by endothelial cells.

Similar results have been obtained in a recent study
performed in humans that supports the hypothesis of
the protective role of IL-10 in atherogenesis by contri-
buting to the maintenance of plaque stability, avoiding
acute events. Smith et al'?! demonstrated that patients
with unstable angina had significantly lower amounts
of IL-10 in their blood than those with chronic stable
angina, suggesting that low IL-10 values are associa-
ted with greater clinical stability (Figure 4).

On the other hand, a significant liberation of IL-10
has been shown in multiple studies of myocardial is-
chemia-reperfusion and pulmonary bypass in hu-
mans.'?*1?* Yang et al'® observed in an experimental
model of ischemia-reperfusion in IL 10-/- mice that
they had an exaggerated inflammatory response in the
reperfused tissues as compared to wild mice. This was
revealed as an increase in neutrophil infiltration in the
reperfused tissues and an increase in production of
TNF-a, ICAM-1 and products of NO degradation, ul-
timately leading to an increase in the size of the AMI
and myocardial necrosis as well as the mortality rate
in the immundepressed mice.

These findings provide evidence that the endoge-
nous production of IL-10 has protective effects against
myocardial infarction and reperfusion damage by inhi-
biting the production of TNF-o, iNOS, the expression
of adhesion molecules, and recruitment of neutrophils.
There are currently many studies underway that sug-
gest the potential use of IL-10 in various case of reper-
fusion damage.!?%-13!

Other properties of IL-10: a new therapeutic
agent?

Recently, anti-tumor properties have been associated
with IL-10 related to its capability of decreasing the
synthesis of VEGF (vascular endothelial growth fac-
tor), TNF-a. and MMP-9 (92Kd gelatinase 92Kd), as
well as in preventing the angiogenesis associated with
tumor growth.'*>!3 The main stimulus for angiogene-
sis is ischemia and inflammation, and both conditions
are found narrowly related to ischemic illness.!3413

Given the anti-inflammatory properties attributed to
IL-10, it is being studied as possible therapy for a gre-
at number of chronic diseases, including rheumatoid
arthritis, inflammatory intestinal disease, multiple
sclerosis, eosinophilic allergy, Wegener granulomato-
sis, cardiac transplant rejection, and others.*® For
example, the pathogenesis of inflammatory intestinal
disease (Crohn’s disease and ulcerative colitis) is cha-
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racterized by an unbalance in the activity of Thl and
Th2 lymphocytes, with a predominantly Thl immune
response, that cause a massive inflammatory response
in the intestinal mucous. IL-10 is an anti-inflammatory
cytokine that regulates the production of pro-inflam-
matory cytokines derived from Thl lymphocytes, pro-
moting a Th2 immune response, which is essential in
the fight against inflammation.'”” The topical, intrave-
nous, and subcutaneous use of recombinant human IL-
10 (rhulL-10) has been studied in humans with inflam-
matory intestinal disease.'*® While the results obtained
by Fedorak et al'*® promoted the use of IL-10 by fin-
ding a clinical and endoscopic improvement in illness
after the subcutaneous administration of rhull-10 in
patients with Crohn’s disease, Colombel et al'** were
not able to demonstrate that the treatment prevented
the endoscopic recurrence of the disease in post-opera-
tive patients with Crohn’s disease. The discrepancies
in these results may be due to the difficulty in selec-
ting a subgroup of patients who would potentially be-
nefit from the biological therapy, as well as identifying
the most appropriate way to administer the required
dose.!*

It was observed in experimental animal studies that
IL-10 deficient mice spontaneously develop a severe
form of enterocolitis.'*! Nevertheless, the transfer of
CD4+ T-cells from transgenic IL-10 mice (which over
express IL-10) is capable of overcoming, in IL10-/-
mice, the development of colitis!** in situations in
which it would normally occur.

The results of the studies mentioned suggest that IL-
10 should be considered a new therapeutic tool in the
field of atherosclerosis treatment. Nevertheless, the
administration of IL-10 as long-term therapy, with all
its immunosupressor actions, may present unexpected
consequences as it is able to potentially produce an an-
tigen-specific energy. Different experimental studies
have shown that IL-10 increases susceptibility to cer-
tain infections, principally those involving intracellu-
lar pathogens such as Chlamydia and Listeria monocy-
togenes.*® The recombinant BALB/c mice stimulated
with Chlamydia produced higher IL-10 values than the
C57BL/6J wild mice. The BALB/c mice presented, as
a consequence, a less aggressive inflammatory respon-
se against the Chlamydia infection, succumbing in a
greater number than the C57BL/6J143 mice.

On the other hand, the IL 10-/- mice, deficient in
IL-10, upon being infected with subtle doses of
Chlamydia, developed less granulomatous lesions than
wild mice.'*

CONCLUSIONS

The current knowledge about the physiopathology
of atherosclerosis has changed radically from that of
the last decades. Today it is generally accepted that in-
flammation plays a fundamental role in the develop-
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Fig. 3. Surface of the atherosclerotic lesion in the aortic root accor-
ding to serum IL-10 values in wild mice (control), transgenic mice
(IL10+/+), and IL-10-deficient mice (IL-10-/-). Observe the smaller
surface of the lesion in the transgenic mice vs the controls
(5.433+4.008 vs 13.574+4.212 mm?; *P<.05). Note the marked incre-
ase in the lesion size of the IL-10-/- deficient mice vs the IL-10+/+
mice (33.250£9.117 mm?; *P<.0001) (modified from Pinderski O, et
al'?),
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Fig. 4. Mean serum concentrations of IL-10 (pg/ml) in patients with
unstable and chronic unstable angina (14+10.1 vs 28.43+12.1;
P<.0001) (modified from Smith D, et al,").

ment and progression of atherosclerotic lesions, lea-
ding in the long or short term to the appearance of cli-
nical signs. Nevertheless, the intrinsic mechanism by
which this inflammatory response is triggered and de-
velops continues to be clearly understood. The best
knowledge of the physiopathological phenomenon un-
derlying the process of atherogenesis will allow new
investigative paths to be opened to combat the disease.

From this point of view, various studies performed
to study the relevance of IL-10 in atherosclerosis sug-
gest that it has a protective role limiting the local in-
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flammatory response, which favors the progression
and instability of the atherosclerotic plaque, eventually
leading to the development of acute coronary syndro-

mes.

This allows us to postulate the possible role of

IL-10 as a therapeutic agent whose exogenous admi-
nistration restrains the development of lesions and
confers stability, improving the clinical course of the
patient. IL-10 could also be a new risk marker that
allows us to predict plaque instability and its propen-
sity toward complications.
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