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Abstract

Heart diseases are the main cause of mortality in Mexico, being coronary
heart disease the most frequent in the country. Its high prevalence makes im-
portant the study of the pathophysiology and the search for prognostic factors.
Different genes and polymorphisms promote atherogenesis and coronary artery
disease, they affect inflammatory and vascular pathological processes. Interferon
regulatory factor 5 (IRF5) is associated with coronary heart disease, it pro-
motes chronic inflammation and cytokines release; it could trigger immune
reactions and its activating receptors express in the vascular endothelium. Be-
sides, polymorphisms in the renin-angiotensin-aldosterone system (RAAS)
are implied with coronary disease, they are found in angiotensinogen (AGT),
angiotensin II type 1 receptor (AT1R), angiotensin II type 2 receptor (AT2R),
and angiotensin-converting enzyme (ACE) genes. These genetic polymor-
phisms are associated with a prothrombotic state, endothelial dysfunction,
and immune activation. Multiple experimental studies showed that chronic
activation of RAAS and chronic expression of IRF5 generates an environment
prone to the development of atherosclerosis, and autoimmune and cardi-
ovascular diseases. Studying these specific genes and their relationship with
coronary heart disease will allow a better understanding of the pathological
process and possibly the quest for new treatments.
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1. Introduction

Globally, coronary heart disease represents 56% of the reported deaths according
to the World Health Organization (WHO), ischemic heart disease and stroke be-
ing the principal causes. On the latest Mexican National Health Survey, the mean
LDL levels have been increasing at a younger age than in previous years [1]. Sys-
temic arterial hypertension prevalence is increasing in our population, account-
ing for 25.5% of the population. These diseases constitute well-known risk fac-
tors for the development of ischemic cardiopathy and coronary heart disease [1].
In Mexico, cardiopathies are the first cause of mortality, produce the 15.7% of all
deaths [2]. The high mortality rate associated with coronary heart disease is an
important public health issue in Mexico. The lack of early preventive attention
given to the disease takes a leading role on the high morbidity and mortality rates
associated to coronary heart disease [2]. Proper identification and research of
the associated polymorphisms result of prime relevance for the development and
severity of the disease.

Interferon Regulatory Factor 5 (IRF5) has been studied in the past due to the
great number of polymorphisms presented and its association with multiple au-
toimmune and inflammatory diseases [3]. Recently, this regulatory factor has gained
importance in studying coronary heart disease owing to its influence in the pa-
thophysiology of chronic pro-inflammatory reactions. Its increased expression is
related to the activation of receptors on the vascular endothelium, furthermore,
initiating immunity processes also present at the pathophysiology of the forma-
tion of atherosclerotic plaques at the coronary arteries.

On the other hand, different polymorphisms of multiple genes in the renin-
angiotensin-aldosterone system (RAAS) have been associated with a greater in-
cidence of coronary heart disease, thanks to its direct and indirect influence on
causing a prothrombotic state, endothelial disfunction and immune system acti-
vation. The main polymorphisms associated with the vascular pathological path-
ways belong to Angiotensinogen (AGT), Angiotensin II Type 1 receptor (AT1R),
Angiotensin II Type 2 receptor (AT2R), and the Angiotensin-Converting Enzyme
(ACE) [4].

In the present discussion we analyze the most relevant results of experimental
and clinical studies related to the previously mentioned polymorphisms. Based
on this knowledge, future research could aim to identify new clinical scenarios
related to specific polymorphisms in these genes. This “genetic-centered” approach
could establish a new way for understanding pathophysiological grounds of the
disease and develop newer considerations for predicting factors of disease and

achieving preventing and curative therapies in the future.
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2. Interferon Regulatory Factor 5

IRF5 is part of a big family of interferon transcription factors which were initial-
ly associated with antiviral responses; induced mainly by IFN production. It is
found in eleven different isoforms, which utilize various promoters, express in
different proportions among different cells, and give rise to different functions
or responses [3]. Moreover, IRF5 is usually activated by the pattern recognition
receptors (PRRs) that recognize molecules from pathogenic microorganisms and
cellular damage molecules. Common examples of these receptors are toll-like
receptors (TLR), particularly TLR4 that recognizes bacterial LPS; and the NOD-
like receptors, which detect peptidoglycan-derived molecules, cytosolic ATP, intra-
cellular crystals, and ionic concentration changes [5]. Its expression is also in-
duced by the granulocyte-macrophage colony stimulating factor (GM-CSF) and in-
terferon-gamma. IRF5 protein is activated by MyD88 molecule in response to
PRRs stimulation, moving to the nucleus where it mediates the genetical expres-
sion needed for more specialized responses. In this way, IRF5 promotes the pro-
duction of neutrophile recruiting chemokines, and the expression of a proinflam-
matory phenotype on macrophages (M1), secondarily reducing the homeostatic
repairing activity (M2). The expression of IRF5 promotes, broadly speaking, the
secretion of IFN-1, TNF-y, IL-6, IL-12, and IL-23 (proinflammatory chemo-
kines), simultaneously represses the secretion of IL-10 and TGF-8 (anti-inflam-
matory chemokines). IRF5 is associated to a maintained production of TNF-y,
and the polarization to Thl and Th17 lymphocytic responses [6]. There are at
this moment 9 members of this family described in the literature, all of them
having in common conserved multidomains necessary for recognizing DNA, me-
diating protein interactions and forming protein complexes with transcriptional
functions. Now, IRF5 expression may be useful as an inflammatory marker due
to the increased classical macrophage response it provokes. The physiologic im-
plications attributed to IRF5 have been studied in animal models as well as in
human beings, getting to know distinctive characteristics associated with diverse
pathologies.

According to studies conducted on mice with atherosclerosis and IRF5-deletion
(-/-), the lack of expression of IRFS5 is ligated with a minor incidence of vascular
lesions and smaller size of necrotic regions. Mainly, this happens because of the
alternative expression of macrophages (M2) that promotes epherocytosis (Ze.,
apoptotic cell elimination), and removal of necrotic tissues or cellular detritus by
phagocytes [7]. In further studies with two murine models with atherosclerosis,
the murine IRF5 gene was observed to impair the efficacy of phagocytic action
and promote atherosclerotic lesions. The anterior is caused by the role of IRF5
on promoting a proinflammatory state mediated by CD11c+ macrophages and
propitiating necrotic nucleus expansion of the lesions [7].

It has been also demonstrated that IRF5 plays a leading role on antigen-in-
duced arthritis (AIA) and in pulmonary lesions provoked by LPS. On mice with
these diseases, those which lacked IRF5 had a reduced flow of neutrophils in the
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acute phase [9]. Inflamed tissues had a lesser neutrophile count presumably be-
cause of the reduced number of chemokines in charge of neutrophile recruit-
ment, for example, chemokine ligand 1 (CXC). A similar reduction was observed
in neutrophile recruitment on the serum transference induced arthritis model
K/BxN; in which mice who lacked IRF5 had a reduction in severity of the arthri-
tis flares [10]. This is explained because the mice without IRF5 expression exhi-
bit reduced Thl, Th17 and yd lymphocytic responses on the chronic phases of
ATA [8]. Also, IRF5 positive expression was determined to be a fundamental
factor for MHCII + phenotype establishment on dormant state macrophages of
the knee joint, as well as in the monocyte-derived macrophages during anti-
gen-induced arthritis episodes. These studies strengthen evidence in favor of di-
rect IRF5 inhibition as a treatment for chronic inflammation induced by ma-
crophages. There is also a suggestion that more acute presentations of inflamma-
tion, included pulmonary lesion, might also improve with IRF5 directed inhibi-
tion [9].

On human studies, IRF5 single nucleotide polymorphisms are associated with
an enormous variety of autoimmune diseases, included systemic erythematosus
lupus, rheumatoid arthritis, and intestinal inflammatory disease, to mention some
of them [11]. It has been reported that IRF5 is one of the most significative ex-
pression quantitative trait loci (eQTL) found on human myeloid cells stimulated
with LPS [12] [13]. The anterior contributes to the variability in immune res-
ponses, emphasizing its key regulator role in inflammatory responses induced by
TLR. This way, IRF5 constitutes a potential pharmacological target for disease mod-
ifying drugs in the treatment of autoimmune diseases, offering better specificity
and selectivity over a wide spectrum targets [8].

Another study analyzed samples of visceral adipose tissue from 56 patients with
different weight ranges [14]. IRF5 gene and IRF5 protein expression was quanti-
fied, and a clear increase in the expression of IRF5 was found on patients with
high baseline body fat and increased body mass index (BMI), indicative of over-
weight and obesity. Expression of other inflammatory markers were also ana-
lyzed, such as TNFaq, IL-6, IL-I 83, IL-18, CXCL8, CCL2/5, and C-reactive pro-
tein. The anterior molecules proportionally corelated with the expression of IRF5
(gene and protein). On the other hand, adiponectin expression had an inversely
proportional relation with IRF5 expression. Four of the patients in the study had
a previous history of hypertension and another three presented with dyslipide-
mia. These findings demonstrate that people who are overweight or obese pos-
sess an inflammatory metabolic state within fat tissue. However, further analysis
will be needed to demonstrate similar expression of inflammatory markers at a
systemic level. Unfortunately, patients with history of cardiac disease were ex-
cluded from the study. Similar conclusions have been found on multiple studies,
where IRF5 expression on macrophages has a pathological outcome on diet-in-
duced obesity [15], despite having a significant protective action against inflam-

mation in the airways [16].
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Before the above-cited study, data of IRF5 influence on cardiovascular diseas-
es had already been collected. IRF5 levels were compared between atherosclerot-
ic tissue and a control group. Simultaneously, IRF5 protein expression was meas-
ured in relation to IRF5 genotype. The mean IRF5 mRNA expression was signi-
ficatively greater on the carotid atherosclerotic tissue compared to the control
group. Moreover, there was no difference found of IRF5 expression between men
and women [17].

The anterior findings are better understood and justified considering that athe-
rosclerotic disease is a complex and multifactorial condition. Multiple noxious
stimuli conduct to the development of coronary heart disease (Figure 1), such as
excessive inflammatory response and fibroproliferative reaction in the arterial
subintimal space, promoting thrombus formation. After an acute myocardial
ischemic event, cellular debris activate local immune cells through TLRs, being
TLR2 and 4 the most frequent in the heart. Both receptors—specially TLR4—
start the activation signaling cascade of IRF5, leading to the proinflammatory
processes previously commented [18].

3. Renin-Angiotensin-Aldosterone System

The renin-angiotensin-aldosterone system (RAAS) has a fundamental homeos-
tatic role on the human body, it oversees the long-term regulation of arterial blood
pressure, sodium concentration and extracellular fluid volume. Angiotensinogen
is the protein that initiates the activation cascade, it is produced in the liver, and
is released under low blood pressure states, by action of the sympathetic nervous
system, or by changes of the interstitial sodium concentration. Renin, released
by the kidneys under the previously stated stimuli, regulates the transformation
of angiotensinogen to angiotensin I. Further in the biochemical pathway, angi-
otensin-converting enzyme (ACE) converse angiotensin I to angiotensin II, the

most active form. The ACE is mainly produced by the pulmonary endothelium,

1 IRF-5 expression

| IL-10, TGF-B

1 TNF-a, IL-6, IFN-y

I NO

Increased leukocyte
recruitment, adhesion Decreased alternative T ROS
and migration macrophage activation 1 RAAS activation
:1: 1 Inflamatory infiltrate

11L-6

Increased classical
macrophage <
activation N

N S

Endothelial
dysfunction and
chronic inflammation

Deficient plaque
regression or
stabilization

Increased foam cell
differentiation

8\

<
<\ Chronic inflammation
Decreased proliferation and tissue damage
of VSMC

Figure 1. Effects of IRF-5 expression. C reactive protein (CRP); vascular smooth muscle
cells (VSMC); reactive oxygen species (ROS); nitric oxide (NO).
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but it is also expressed in the kidneys, the adrenal glands, the brain, and the heart.
ACE also diminishes the synthesis of nitric oxide by degrading bradykinin, and
consequently produces local vasoconstriction (Figure 2).

Angiotensin II generates broad effects that depend on the stimulated receptor.
ATI1R is found in the kidneys, heart, vascular smooth muscle, brain, adrenal glands,
platelets, adipose tissue, and the placenta. It promotes vasoconstriction, sodium
and water retention (via aldosterone-release induction), reactive oxygen species
formation (ROS), fibrosis, inflammation, cellular growth and proliferation, sup-
pression of renin-release as a regulatory mechanism, etc. Meanwhile, AT2R ex-
presses in uterus, adrenal glands, CNS, heart, and kidneys. Its activation produces
vasodilation, damaged tissue repair, inhibition of cellular proliferation, and sti-
mulates kidney and urinary tract development. There are other angiotensin II
receptors, which have a minor expression in the human body. An example with
clinical significance is the angiotensin II type 4 receptor (AT4R), which reduces
fibrinolysis effectivity [19].

A study evaluated the relationship between certain RAAS gene expression po-
lymorphisms, C-reactive protein (CRP) serum levels, and coronary heart disease
severity [20]. CRP is secreted by atherosclerotic plaques, activates circulating
monocytes, promotes endothelial dysfunction, and provokes cellular matrix re-
modeling. It was observed a proportional relationship between CRP serum levels

and the number of coronary arteries affected. The same study found an association
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Figure 2.

Effects of renin-angiotensin-aldosterone system. Angiotensin type 1 receptor (AT1R), angi-

otensin type 2 receptor (AT2R).
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between the AGT M235T allele expression and an increased susceptibility to
present coronary heart disease by AT1R activation, as well as increased ROS and
CRP release. The AGT M235T polymorphism was associated with an increased
risk of coronary heart disease in Brazilian Caucasic [21] and Egyptian popula-
tion [22].

Another study found a correlation between ACE, APO E gene polymorphisms
(E2, E3, E4 and g.-219G/T), and myocardial perfusion. 410 patients were studied
with single-photon emission computed tomography (SPECT) and myocardial
perfusion was evaluated at rest and exercise settings, calculating the summed
stress score (SSS), the summed rest score (SRS), and the summed differential score
(SDS). The homozygous carriers for ACE D allele had increased mean values of
SSS (P < 0.001) and SDS (P < 0.001). After adjusting for clinical and demographi-
cal data, and using multiple lineal regression analysis, authors concluded that
both ACE D/D and APO E were independent predictors with cumulative con-
tribution for SSS and SDS estimation. Also, logistic regression analysis revealed
that the 3 genotypes had an independent predictive capacity of abnormal SSS
(SSS = 2). Moreover, a clear majority of patients with moderate to severe SPECT
studies (SSSS = 9) were homozygous for the D/D allele, while the I/T and I/D
distribution was similar. D/D allele was recognized to be associated with a high
plasma ACE activity, an increased blood pressure, and increased risk of plaque
rupture on multiple populations. The study concluded that ACE D/D genotype
can modify myocardial perfusion capacity promoting an increase in cardiovas-
cular events. These data account for the first evidence of an association and sig-
nificative cumulative contribution between the previously mentioned genotypes
and anomalies of myocardial perfusion. Finally, E4 allele had a strong associa-
tion with myocardial perfusion, followed in importance by ACE D and ApoE
g.-219T alleles [23].

There is also a correlation between arterial pressure control and lipid meta-
bolism with the expression of ACE. This could be explained by the increased ac-
tivity of ACE and the expected augmented expression of angiotensin II.

The conversion of angiotensin-1 (AT1) to angiotensin-2 (AT2) by ACE pro-
duces an increase in arterial blood pressure mediated via vasoconstriction, in-
creased release of aldosterone that stimulates sympathetic nervous system, cell
growth induction, etc. However, it also promotes cell migration, smooth muscle
mitosis, and an increase in collagen synthesis, causing thickening of vascular walls
and myocardium, promoting fibrosis. AT2 also has proinflammatory actions via
induction of TNFa and IL-6 production, both molecules promote the atheros-
clerotic plaque formation.

Certain polymorphisms of ACE are considered strong risk factors for the de-
velopment of coronary artery disease and acute myocardial infarction, especially
in low-risk populations. The insertion/deletion (I/D) ACE gene, in chromosome
17q23, provokes an increase of the expression levels, and in consequence, AT2 aug-
mented expression. The increase in AT2 produces greater vasoconstriction, an in-

crease in aldosterone synthesis, and sodium retention. It also favors a prothrombotic
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Figure 3. Relationship between interferon regulatory factor 5 and renin-angiotensin-aldosterone system

in promoting atherosclerosis and cardiovascular disease

sate by stimulating plasminogen activator inhibitor 1 (PAI-1) and platelet adhe-
sion.

The atherosclerotic process can be divided in 4 principal events: 1) endothelial
dysfunction; 2) lipid and cholesterol deposits; 3) inflammatory reactions; 4)
fibrous plaque formation with smooth muscle migration. This way, the principal
trigger in the formation of atherosclerotic plaque is the LDL oxidation, where AT2
exerts a proatherogenic effect. This is due to the induction of native oxidized LDL

aggregation on the vascular wall [24].

4. Conclusion

Recent studies have demonstrated the high influence that exerts IRF5 and RAAS
polymorphisms on pathological and physiological states. They are implicated
not only in cardiac diseases as well as in autoimmune and inflammatory diseas-
es. IRF5 expression is directly related to atherosclerotic disease (Figure 3), it pro-
motes among other effects TNFa, IFNy, and IL-6 expression. Certain RAAS po-
lymorphisms induce a proinflammatory state that ultimately leads to coronary
artery disease and other related entities. A better understanding of the genetic
basis of coronary artery disease may result in novel therapies and improved pa-

tient outcomes.
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