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Abbreviations: CAD, coronary artery disease; CRP, C reactive 
protein; HRT, hormone replacement therapy; ICAM-1, intercellular 
adhesion molecule-1; IL, interleukin; LPS, lipopolysaccharide; MCP-
1, monocyte chemoattractant protein-1; NO, nitric oxide; TNF-α, 
tumour necrosis factor-alpha

 Introduction
Mediators and markers of inflammation continue to be the most 

explored points in scientific research linked to atherosclerosis 
and the resulting vascular diseases. There are many biochemical 
elements implicated with the inflammation mediators and markers 
and this review shows their identities and their effects. Cytokines 
identified as participants in the mechanisms of atherogenesis were 
first discovered as involved in the process of natural (or innate) and 
specific (or acquired) immunity, responsible for defending against 
foreign organisms such as viral or bacterial agents. They are protein 
hormones produced mainly by mononuclear phagocytes (monocytes) 
in direct response to microbes or originating from T lymphocytes 
(lymphocytes) when stimulated by antigens, as part of specific 
immunity. T lymphocytes produce several cytokines that primarily 
serve to regulate the activation, growth, and differentiation of the 
various lymphocyte populations. Other cytokines derived from the 
T lymphocyte work primarily in the activation and regulation of 
inflammatory cells, such as mononuclear phagocytes, neutrophils, and 
eosinophils. Thus, cytokines derived from T lymphocytes are effector 
molecules of cell-mediated immunity and are also responsible for 
communications between the cells of the immune and inflammatory 
systems.

Originally, Tumour Necrosis Factor-alpha (TNF-α) was 
identified as a factor present in the plasma of animals exposed to 
Lipopolysaccharide (LPS), being able to cause hemorrhagic necrosis 
of tumors, and therefore thus referred to as tumor necrosis factor. At 
low concentrations, LPS stimulates the functions of mononuclear 

phagocytes and acts as a polyclonal activator of B-lymphocytes 
translating host responses that contribute to the elimination of 
invasive bacteria. In the presence of severe gram-negative bacterial 
infections, high concentrations of LPS occur that can cause tissue 
injury, disseminated intravascular coagulation, and shock, often 
resulting in death. It is currently clear that TNF-α one of the main 
mediators of these LPS effects. However, most biological actions 
of TNF-α occur at low concentrations, acting locally as a paracrine 
and autocrine regulator of leukocytes and endothelial cells. TNF-α 
causes endothelial cells to become adhesive to leukocytes, initially for 
neutrophils, and subsequently to monocytes and lymphocytes.

These actions contribute to the accumulation of leukocytes 
in localized inflammatory sites. TNF-α stimulates mononuclear 
phagocytes and other cell types to produce cytokines, such as 
Interleukin-1 (IL-1), Interleukin-6 (IL-6), TNF-α itself, and low 
molecular weight inflammatory cytokines of the Interleukin-8 
family (IL-8). TNF- α an endogenous pyrogen that acts on cells 
in the hypothalamic regulatory regions of the brain, inducing the 
onset of fever. Its production in response to TNF-α (and also IL-1) 
is mediated by an increase in prostaglandin synthesis by cytokine-
stimulated hypothalamic cells. Prostaglandin synthesis inhibitors, 
such as aspirin, reduce fever by blocking this action of TNF-α or 
IL-1. TNF-α activates the coagulation system, mainly by altering 
the balance between the procoagulant and anticoagulant properties 
of the endothelium. Prolonged systemic administration of TNF-α 
in experimental animals causes metabolic changes in cachexia, a 
state characterized by depletion of muscle and adipose cells. Two 
mechanisms are proposed for the triggering of cachexia: (a) direct 
suppression of appetite for TNF-α; (b) inhibition of the synthesis of 
lipoprotein lipase, an enzyme necessary for the release of fatty acids 
from circulating lipoproteins, preventing its use as an energy source 
by tissues and leading to exaggerated protein catabolism present in 
cachexia. Although TNF-α alone can cause cachexia in experimental 

J Cardiol Curr Res. 2022;15(5):133‒138. 133
©2022 Filho et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Inflammatory mediators and their special roles in 
diverse clinical circumstances

Volume 15 Issue 5 - 2022

Wilson Salgado Filho,1 Anita LR Saldanha,1 
André Luis Valera Gasparoto,2 Ana Paula 
Pantoja Margeotto,1 Elisa Rinaldi Nunes,1 
Renato Cesar da Silva de Oliveira,1 Gustavo 
Costa Pontes,1 Luiza Ferrari de Castro 
Melo,1 Tania Leme da Rocha Martinez1 
1Nephrology Department, BP - A Beneficência Portuguesa de 
São Paulo, São Paulo, Brazil
2Intensive Care Unit, BP - A Beneficência Portuguesa de São 
Paulo, São Paulo, Brazil

Correspondence: Tania Leme da Rocha Martinez, BP, Rua 
Comandante Ismael Guilherme, 358 - Jardim Lusitânia, 04031-
120 - São Paulo – SP, Brazil, Tel 55 11 98323-9863, Fax 55 11 
3842-3789, Email 

Received: December 15, 2022 | Published: December 30, 
2022

Abstract

The involvement of inflammation is described in all stages of atherosclerosis as well as in 
dyslipidemias, particularly in lipoproteins (especially oxidized LDL), coronary syndromes, 
hypertension, diabetes, infections, obesity, and also in the use of sexual replacement 
hormones. From the first steps of leukocyte recruitment in the nascent atheromatic lesion 
to the development of atheroma plaque, culminating in its rupture and thrombosis in the 
acute coronary event, we found a constant release of inflammatory mediators, soluble in 
plasma, from macrophages, T lymphocytes, endothelial cells and smooth muscle vessels 
of the vessels, hepatocytes, and adipocytes. The greatest evidence relating inflammation to 
the future development of cardiovascular events has been verified in large-scale population 
studies. High concentrations of inflammatory markers such as TNF-α, IL-6, ICAM-1, 
P-selectin, E-selectin, C Reactive Protein, fibrinogen, and amyloid serum A, in apparently 
healthy individuals, have shown predictive value for future vascular events. Considering 
the multifactorial etiology of coronary artery disease and its inflammatory nature, it was 
possible to find an association between the presence of risk factors and the increase in 
the concentration of biomarkers of inflammation. TNF-α is a multifunctional cytokine 
derived from smooth endothelial and muscle cells, as well as macrophages present in the 
coronary atheroma. It is involved in a number of cardiovascular processes, being increased 
in congestive heart failure.
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animals, other cytokines such as IL-1 may also contribute to this state 
that accompanies certain diseases such as cancer. TNF-α and also IL-1 
and IL-6, act on hepatocytes by increasing the synthesis of certain 
proteins such as amyloid protein Serum A, C Reactive Protein (CRP) 
and fibrinogen, constituting the so-called acute phase response to 
inflammatory stimuli. Although the physiological role of acute phase 
response is not completely known, it is assumed that it favors the 
efficacy of specific immunity. A combination of fever, elevated IL-6 
levels, elevation of acute phase reagents, bone marrow suppression, 
and coagulation activation were observed in patients treated with 
intravenous TNF-α as part of antineoplastic chemotherapy. TNF-α 
depresses myocardial contractility by an as yet unknown mechanism.

Interleukin-1: it was first defined as a polypeptide derived from 
mononuclear phagocytes, which constitute its main cellular source, 
activated by bacterial products such as LPS, by cytokines derived 
from macrophages such as TNF-α or IL-1 itself. The synthesis of 
IL-1 differs from the synthesis of TNF-α by its origin of distinct cell 
types, such as epithelial and endothelial cells, which provide potential 
local sources of IL-1 in the absence of macrophage-rich infiltrates. 
The production of IL-1 by the endothelial cell is also increased by 
mechanical stimulation such as “shear stress” and infectious agents 
(bacterial, viral, or parasitic).1,2 Endothelial cell infection with 
Trypanosoma Cruzi, for example, has been shown to increase IL-1 
expression by these cells, suggesting a potential role of cytokines 
secreted by endothelium in the pathogenesis of Chagas Disease.3 In 
many cell types, IL-1 causes the synthesis of enzymes that produce 
prostaglandins, potentially capable of causing fever when at high 
concentrations. At first, it was very surprising to note the extensive 
analogies of IL-1 actions with those of TNF-α, a striking example of 
redundancy of the effects of cytokines. However, there are several 
important differences between these cytokines. First of all, IL-1 does 
not produce a per se muscle lesion, although it is secreted in response 
to LPS, which can potentiate the weight injury caused by TNF-α. 
Moreover, even in the face of very high systemic concentrations, IL-1 
is not lethal. IL-1 seems to be more potent than TNF-α as a stimulator 
of IL-6 production, both participating in the regulation of acute phase 
protein liver synthesisdescribed below.

Interleukin-6: is a cytokine synthesized by mononuclear phagocytes, 
endothelial cells, fibroblasts, some activated T lymphocytes, and 
smooth muscle cells in response to IL-1 and, to a lesser extent, TNF-α. 
The two best-described actions of IL-6 occur in B-lymphocytes and 
hepatocytes:

a)  IL-6 serves as the main growth factor for activated B-lymphocytes, 
as well as following its differentiation process. IL-6 acts similarly as 
a growth factor for many plasmocytomas or myelomas. In addition, 
IL-6 can serve as a co-stimulator of T lymphocytes and thymocytes.

b)  IL-6 causes hepatocytes to synthesize several plasma proteins that 
contribute to the so-called acute phase response, of greater interest 
to CRP because it is associated with various cardiovascular diseases.

C-Reactive Protein

The acute phase response is an important pathophysiological 
phenomenon that accompanies inflammation.4,5 Attention to this 
phenomenon occurred for the first time with the discovery of high 
concentrations of CRP during the acute phase of pneumococcal 
pneumonia, so called for reacting with pneumococcal polysaccharide 
C.6 Since then, such systemic changes have been reported as an acute 
phase response7 although they also follow chronic inflammatory 
states. CRP can occur in association with a wide variety of diseases, 
including infections, trauma, infarction, inflammatory arthritis, various 
neoplasms, and many cardiovascular diseases. CRP influences one or 

more stages of inflammation. One of the main accepted functions of 
CRP is its ability to bind to phosphocholine, allowing the recognition 
of foreign pathogens and activating the complement and/or binding 
system of phagocytes, suggesting that it can initiate the elimination of 
target cells by interacting with both humoral and cellular intersection 
systems at the site of inflammation. The speed of the CRP response, in 
contrast to the slow immune adaptive response expressed by antibody 
production, indicates that CRP is a component of the innate immune 
response.8 During inflammatory states, CRP presents increases of 
at least 25%, constituting a positive acute phase protein (as well as 
fibrinogen and serum amyloid A), unlike others that can decrease 
its concentrations, called negative acute phase proteins such as 
albumin and transferrin.9 Such changes are mainly the reflection of 
its production in hepatocytes under the influence of cytokines such as 
TNF-α, IL-1, and IL-6, the latter seeming to be the main inducer of 
most acute phase proteins in the liver.10,11

Despite the lack of diagnostic specificity, the measurement of 
serum levels of acute phase proteins is useful because it can quantify 
the intensity of an inflammatory process.

C-Reactive protein in cardiovascular diseases

Several studies have shown that serum CRP concentration may 
correlate with the prognosis of cardiovascular disease, constituting an 
additional risk factor in unstable angina and myocardial infarction, 
when at high concentrations.12,13 The mechanisms responsible for the 
association between CRP and cardiovascular disease are unclear. CRP 
may be only a marker of inflammation and thrombotic risk, without 
a specific role degree of atherosclerosis, or may have a direct effect 
suggested by the following observations:

a)  CRP has been found in atherosclerotic lesions

b)  Pro-inflammatory effects of CRP include induction of inflammatory 
cytokines and tissue factor14,15 resulting in tissue damage in some 
situations. This was illustrated by the approximately 40% increase 
in the extent of experimental myocardial infarction in rodents when 
human CRP was infused in the peri-infarction period.16 Among the 
cytokines induced by CRP, the production of chemokine MCP-
1 (Monocyte Chemoattractant Protein-1) in human endothelial 
cells was evidenced, influencing the local inflammatory response 
in the atherosclerotic plaque by the recruitment of monocytes and 
lymphocytes.17,18

c)  CRP binds to low-density lipoprotein (LDL) allowing this particle 
to be captured by macrophages without the need for modification to 
the oxidized form.19

Women have higher concentrations of CRP than men20 and the 
predictive value of CRP for cardiovascular disease also applies to 
females.21,22 Women receiving hormone replacement therapy (HRT) 
have higher levels of CRP than those without replacement, suggesting 
a pro-inflammatory effect of HRT. In the PEPI (Postmenopausal 
Estrogen/Progestin Interventions) study, CRP concentrations were 
measured in 365 women at baseline and at 12 and 36months using 
HRT.23 Compared to placebo, all HRT preparations were associated 
with an increase in serum CRP, which occurred mainly during the first 
year of treatment, with levels 85% higher than baseline. Similar data 
were obtained from the Women’s Health Study, which found CRP 
concentrations twice as high in women receiving HRT, compared to 
those without HRT.24

Intercellular adhesion molecule-1 (ICAM-1)

Both in experimental and clinical studies, it is well documented 
that the involvement of circulating leukocytes, specifically monocytes, 
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in the vascular wall is an essential phenomenon in the inflammatory 
response.25 The induction of different cell-adding molecules on the 
endothelial surface, such as ICAM-I and selectins, seems to be the 
earliest event in atherogenesis.

ICAM-1 is a prototype protein of the immunoglobulin superfamily. 
It is produced by endothelium cells, fibroblasts, epithelial cells, and 
hematopoietic cells and its expression is intensified by cytokines such 
as TNF-α, IL-1, and lipoproteins. The increase in ICAM-1 expression 
was associated with significant monocyte and T-lymphocyte 
recruitment in the subendothelial region,26 acting as a link with the 
integrins present on the leukocyte surface, during the phase of firm 
leukocyte strain to the endothelium, which occurs after the rolling and 
seathing process.

E-selectin and P-selectin

E-selectin and P-selectin, belonging to the superfamily of 
selectins, were described according to the type of cell initially found: 
E-selectin (endothelium) and P-selectin (platelets). Unlike other 
binding molecules, which bind to other proteins, selectins interact 
with carbohydrates from both leukocytes and endothelial cells. 
E-selectin is exclusively expressed by endothelial cells that have 
been stimulated by TNF-α, IL-1, or endotoxins (LPS) cytokines, and 
immunocomplex aggregates. E-selectin binds to the glycoproteins 
present on the surface of leukocytes, promoting its adhesion to the 
endothelial surface.27 P-selectin is found in unstimulated platelet 
alpha granules and Weibel-Palade corpuscles of endothelial cells. 
On activation, triggered by thrombin and histamine, P-selectin is 
rapidly redistributed on the surface of platelets and endothelial cells. 
It has been observed that P-selectin is able to bind to various types 
of leukocytes, including neutrophils and monocytes, thus mediating 
platelet-leukocyte and endotheliocyte cell interactions.

Cytokines as biomarkers of the atherosclerosis process

Inflammation involvement is described in all stages of 
atherosclerosis. From the first steps of leukocyte recruitment in the 
nascent atherosclerotic lesion to the development of atheroma plaque, 
culminating in its rupture and thrombosis in the acute coronary event, 
we found a constant release of inflammatory mediators, soluble in 
plasma, from macrophages, T lymphocytes, endothelial cells and 
smooth muscle vessels of the vessels, hepatocytes, and adipocytes.4,21,28 
The greatest evidence relating inflammation to the future development 
of cardiovascular events has been verified in large-scale population 
studies. High concentrations of inflammatory markers such as TNF-α, 
IL-6, ICAM-1, P-selectin, E-selectin, CRP, fibrinogen, and amyloid 
Serum A, in apparently healthy individuals, have shown predictive 
value for future vascular events.21,29–37 Considering the multifactorial 
etiology of coronary artery disease (CAD) and its inflammatory 
nature, it was possible to find an association between the presence 
of risk factors and the increase in the concentration of biomarkers of 
inflammation.

TNF-α is a multifunctional cytokine derived from smooth 
endothelial and muscle cells, as well as macrophages present in 
the coronial atheroma. It is involved in a series of cardiovascular 
processes, being increased in congestive heart failure, and may produce 
cardiomyopathy, left ventricular dysfunction, and pulmonary edema. 
TNF-α levels were measured in patients with CAD participating in 
the CARE study, on average 8.9months after the initial myocardial 
infarction. In the whole group, TNF-α levels were significantly 
higher among patients, compared with controls (2.84 versus 2.57pg/
mL, p=0.02). The excessive risk of recurrence of coronary events 
after myocardial infarction was predominantly observed in those 

with higher levels of TNF-α, i.e., above 4.17pg/mL (95th percentile 
of the control distribution), who presented a risk approximately 3 
times higher (relative risk = 2.7; confidence interval (95%) 1.4-5.2; 
p=0.004) (Adapted from Ridker et al.).30

Oxidized LDL and inflammation - the LDL retained in the intima 
partly linked to proteoglycans, is subjected to oxidative modifications 
that induce the expression of binding molecules, chemokines, pro-
inflammatory cytokines, and other mediators of inflammation in 
macrophages and vascular wall cells.38–40

Dyslipidemia and inflammation - other lipoprotein particles such 
as very low density (VLDL) and intermediate-sized particles (IDL), 
also have considerable atherogenic potential and can be modified in 
oxidized form and activate inflammatory state in endothelial cells.41,42 
High-density lipoproteins (HDL) protect against atherosclerosis by 
the mechanism of reverse transport and by its antioxidant action. HDL 
particles carry antioxidant enzymes such as paraoxonese neutralizing 
the pro-inflammatory effects of oxidized particles.28

Hypertension and inflammation - angiotensin II, in addition to 
its vasoconstrictor properties can stimulate the production of IL-6, 
VCAM-1, and MCP-1 in smooth endothelial and muscle cells.43–45

Diabetes and inflammation - hyperglycemia can lead to 
macromolecule modification resulting in advanced final glycation 
products46 that increase the expression of cytokines and other 
inflammatory markers in endothelial cells.47

Obesity and inflammation - visceral obesity, regardless of the 
effects on insulin resistance and lipoproteins, has pro-inflammatory 
action due to the production of cytokines such as TNF-α and IL-6 
by adipocytes.48 Infection and inflammation - infectious agents 
in endothelial cells may produce inflammatory stimulation that 
accentuates atherogenesis, such as Chlamydia pneumoniae found not 
rarely in human atheroma plaques.49-51

Inflammation in acute coronary syndromes

The process of chronic low-intensity vascular inflammation, 
present throughout the natural history of atherogenesis, can become 
intensified with the worsening of the disease, clinically externalizing 
in the form of stable, unstable, and acute coronary syndromes. High 
concentrations of circulating inflammatory markers such as IL-6, CRP, 
and serum amyloid-A often accompany these conditions, particularly in 
acute coronary syndromes.52–59 However, the intensity of inflammation 
not only reveals an increased risk of infarction but also participates in 
the precipitation of coronary events promoting thrombus formation 
due to an increase in other acute phase proteins besides CRP, such as 
fibrinogen. In fact, the elevation of CRP in unstable patients does not 
seem to be merely related to the extent and severity of atherosclerosis, 
since only 20% of patients with stable angina and a high incidence of 
multi-arterial CAD have high concentrations of CRP compared to 70% 
of patients with unstable angina.53 In addition, CRP concentrations in 
patients with severe peripheral vascular insufficiency and indication 
for revascularization do not differ significantly from those observed in 
patients with symptomatic uniarterial CAD.60 Practically all patients 
with infarction preceded by unstable angina have elevated CRP, and 
the acute event may result from the coexistence of a prothrombotic 
state and exaggerated coronary vasoreactivity associated with a higher 
vascular inflammatory state. The comparative study of concentrations 
of CRP, serum amyloid A, IL-6, and soluble ICAM-1 revealed 
significantly higher values in patients with CAD in relation to controls 
but did not correlate with the severity of the disease, suggesting that 
these markers may better reflect the extent of the arterial inflammatory 
process than the degree of localized obstructions of coronary lesions.61
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Sex hormones and cardiovascular disease

The disparity between the incidence of CAD in premenopausal 
women and men of the same age suggests that endogenous sex 
hormones such as estradiol, progesterone, and/or androgens have an 
important impact on the atherogenesis process.62

Vascular biological effects of female sex hormones

Progesterone has often been described as having effects opposite 
to estradiol, but such an impression may represent an exaggerated 
simplification. For example, progesterone in the uterus inhibits 
endometrial growth induced by estradiol, but in the breast, both 
estradiol and progesterone, promote breast tissue growth.63–65 

Experimental studies have suggested that the addition of progesterone 
could prevent increases in nitric oxide (NO) circulating during HTR.66 
However, no difference was found in the response of increased flow 
to reactive hyperemia (endothelium-dependent) that reflects NO 
production in women receiving estradiol alone or in association with 
progesterone.67

Vascular biological effects of male sex hormones

The approximately 10-year interval between the clinical 
manifestation of CAD between men and women is usually attributed 
to the possible anti-atherogenic effect of female sex hormones.68 The 
mechanisms by which the biological effects of estradiol at the level of 
estrogen receptors are mediated, present in the smooth muscle cells of 
vessels and endothelial cells, have been extensively studied.69–77

Estradiol acts on various functions of smooth muscle cells, 
including contractility and growth. Some of the vasodilator effects 
of estradiol are endothelium-dependent, determining increased 
production and release of NO by endothelial cells, or acting directly 
on the smooth muscle cells of the vessels with urn action similar to 
that of calcium channel blockers. Estradiol attenuates vasoconstriction 
mediated by angiotensin II and nor-epinephrine, substances that 
primarily release Ca++ ions from intracellular stocks, and may also 
produce vasodilatation by activating potassium channels. Some anti-
atherogenic effects of estradiol are partly attributed to the inhibition 
of growth and proliferation of smooth muscle cells.78-80 Observational 
studies in pre-and postmenopausal women reveal that physiological 
concentrations of estradiol increase acetylcholine-mediated 
vasodilatation in the coronary circulation.81-83 Progesterone, like 
estradiol, acts by binding to specific receptors that have not been found 
in the ascending aorta, internal carotid arteries, coronary arteries, and 
left atrial appendage. However, receptors have not been identified 
in the vessels of the human uterus and breast, prostate, kidneys, and 
gastrointestinal tract. In the internal and coronary carotid arteries, 
progesterone receptors were located in the nuclei of the endothelial 
cells and in the vascular canals within atherosclerotic plaques. These 
findings suggest that the heart and large vessels are target organs for 
steroid hormones.84 Much less is known about the vascular biological 
effects of androgens and their influence on the process of atherogenesis, 
compared to the extensive volume of accumulated information on the 
action of female sex hormones. Experimental studies have shown 
that testosterone supplementation in orquiedectomized mice with 
a hypercholesterolemic diet reduced the extent of fatty stria in the 
aorta in relation to the control group. However, this testosterone 
attenuating effect has not been observed in orquiedectomized animals 
with androgenic supplementation treated with a selective aromatase 
inhibitor enzyme that converts testosterone into estradiol. The 
administration of estradiol to orquiedectomized males attenuated the 
injury formation to the same degree as testosterone administration. 
The results indicated that testosterone can attenuate atherogenesis at 

its early stage mainly by its conversion into estradiol by means of the 
aromatase enzyme, present in the vessel wall.85

Inflammatory markers in percutaneous coronary 
interventions

Coronary angioplasty by balloon, rotational atherectomy stent 
implantation, and other forms of percutaneous coronary interventions 
are recognized as clinical models of inflammation because they lead 
to the release of inflammatory mediators because of endothelial 
aggression and plaque rupture, besides producing a brief tissue 
ischemia.86 Thus, the use of percutaneous coronary interventions 
in patients with stable coronary syndromes, often linked to a little 
intense inflammatory state, can increase the expression of myocardial 
infarction to varying degrees and favor the study of possible 
modulating effects of certain substances on inflammation present in 
atherosclerotic disease. Considering the evidence based on numerous 
studies on HRT, that sex steroids may play a role in regulating 
inflammatory responses involved in atherogenesis23,24,87,88 it is feasible 
to study possible modulating effects of male and female hormones on 
the expression of myocardial infarction associated with percutaneous 
coronary interventions.
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