Role of resistin in cardiovascular diseases:
Implications for prevention and treatment

Maciej Rachwalik"*~f, Magdalena Hurkacz2*-F, Beata Sienkiewicz-Oleszkiewicz>*®F, Marek Jasifiski'*£F

1 Department and Clinic of Cardiac Surgery, Wroclaw Medical University, Poland
2 Department of Clinical Pharmacology, Wroclaw Medical University, Poland
3 Children’s Memorial Pediatric Health Institute, Warszawa, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2021;30(8):865—874

Address for correspondence
Maciej Rachwalik
E-mail: maciej.rachwalik@umed.wroc.pl

Funding sources
None declared

Conflict of interest
None declared

Received on February 4, 2021
Reviewed on April 13,2021
Accepted on April 20, 2021

Published online on July 20, 2021

Citeas

Rachwalik M, Hurkacz M, Sienkiewicz-Oleszkiewicz B,
Jasiniski M. Role of resistin in cardiovascular diseases:
Implications for prevention and treatment. Adv Clin Exp Med.
2021;30(8):865-874. doi:10.17219/acem/135978

DOI
10.17219/acem/135978

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Abstract

Cardiovascular diseases (CVDs) are associated with socioeconomic and, most importantly, with clinical
problems. Accordingly, the identification of early and specific biomarkers indicating metabolic changes that
underlie disease development and/or progression is important and may improve preventive and treatment
strategies. A recently discovered protein — resistin (ADSF, FIZZ3) — whose expression is increased in carbo-
hydrate metabolism and adipose tissue disorders, seems to be worth of interest in this context. The current
publication was based on a detailed review of available literature, including Medline, EBSCO, Scopus, and
Cochrane Library databases. The search period was between January 1, 2001 and December 20, 2020.
The following keywords were used: “resistin’, “resistin AND cardiology” and “resistin AND cardiosurgery”.
Our review covered a total of 4476 records, 594 of which were review publications. The presented article
summarizes the current knowledge on the role of resistin in prevention and treatment of CVDs. Available
literature shows that resistin may be a predictor for various pathological states; however, data from some
studies on the pathophysiological mechanisms of action are contradictory. There is a need for further inves-

tigations to explore the exact role of resistin in CVDs.

Key words: cardiovascular diseases, atherosclerosis, adipose tissue, cardiac surgery, resistin



866

Introduction

Over the last decade, the cultural and lifestyle changes
in western civilizations and also the progressive aging
of society led to a huge increase in the prevalence of dis-
eases resulting from these phenomena. This causes tre-
mendous financial costs that need to be incurred to ensure
proper medical care and quality of life for all patients.

According to the World Health Organization (WHO)
report, 55% of all 55.4 million deaths in 2019 were caused
by 10 diseases that belong to 3 groups — cardiovascular
(coronary artery disease (CAD) and stroke), pulmonary
and neonatal diseases. Coronary artery disease is the lead-
ing cause of mortality accounting for 16% of all deaths.!
Scientific research conducted in the 20" and 21% century
led to the discovery of a number of agents (e.g., proteins
such as neopterin, resistin and adiponectin) that are having
a direct and indirect impact on the course of the above-
mentioned diseases. Deeper knowledge is gained about
the pathophysiological mechanisms in cells leading to met-
abolic diseases. This may enable better patient outcome
and disease prevention.

This publication aims to assess the current knowledge
on resistin as a biomarker in the prevention and treatment
of heart diseases. Moreover, we will discuss the usefulness
of measuring resistin level in everyday cardiological and
cardiosurgical practice. We assessed the available scien-
tific publications documenting the use of resistin as a bio-
marker for heart diseases and measurement of resistin
levels for cardiovascular event screening in populations
with risk factors.

Methodology

This article provides a review of the current publica-
tions (published until December 20, 2020). The follow-
ing databases were searched using selected keywords
and Medical Subject Headings (MeSH): Medline (using
PubMed and EBSCO), Cochrane Library and Ovid Embase.
The search terms were “resistin” and its synonyms (for ex-
ample “adipose tissue-specific secretory factor”, “adipocyte
cysteine-rich secreted protein FIZZ3”, “ADSF”, “FIZZ3”,
“FIZZ3 protein”, “protein found in inflammatory zone 3”,
“adipocyte-secreted factor”, “adipocyte-specific secreted
factor”). To achieve a comprehensive assessment, we did
not state the date for the first publication and also per-
formed a manual search. In PubMed, the term “resistin”
yielded 4476 records (594 review articles). In 2020, 308 ar-
ticles were published (31 reviews). Using the keywords
“biomarkers AND cardiovascular prevention” to search for
publications in databases resulted in 14,271 records (1198
in 2020). The term “resistin AND cardiology” generated
185 publications (17 published in 2020). The term “resis-
tin AND cardiac surgery” resulted in 53 articles (5 pub-
lished in 2020). In the Scopus database, the term “resistin”

M. Rachwalik et al. Resistin as a biomarker in cardiac surgery

appeared in 6911 publications (445 published in 2020) and
the term “resistin AND cardiology” in 28 articles. Precisely
1402 records were reviews (6 of them published in 2020).
In the Cochrane Library, the term “resistin” generated
526 results, while the term “resistin AND cardiology” 5 re-
sults. All of the articles were listed in the “trials” category.
Additionally, a detailed search for publications was car-
ried out using the keyword “resistin AND cardiovascular
prevention AND biomarkers”. In the PubMed database,
55 results were obtained, including only 7 for 2020. Similar
keywords were used in the Scopus database search engine.
Two hundred thirty-eight results for this query were ob-
tained, of which 25 were published in 2020. In the EBSCO
database, there were 80 and 7 results, respectively. There
were no review publications.

The results of various studies show that there is a huge
scientific interest in the role of resistin in the etiology
of diseases, especially cardiovascular ones, but the use-
fulness of resistin as a biomarker in cardiac surgery is not
fully established yet.

Results

The review of the publication database results indicates
that most of the works focus on the current knowledge how
this protein impacts the pathophysiological mechanism
of various diseases. The few studies that tried to apply
the knowledge of resistin levels as a prognostic factor for
various phenomena in patients with heart disease seem
to be promising. It is important to note that resistin can
be obtained from both peripheral blood and adipose tissue,
especially the epicardial adipose tissue. This opens poten-
tial pathways for future in-depth diagnosis of heart dis-
eases and the use of resistin tests as a screening biomarker
in cardiology and cardiac surgery. The results of several
published studies will be presented in this paper.

Discovery of resistin, its structure
and role in disease epidemiology

Adipokines are proteins structurally similar to cytokines
and play an important role as biomarkers for lipid metabo-
lism disturbances. Research performed on the influence
of obesity on hormone secretion and metabolic syndrome
development showed that adipose tissue plays an important
role not only as a storage depot but also as a specific en-
docrine organ secreting functional proteins participating
in different regulatory functions of the organism. The dis-
covery of the RETN gene (encoding resistin) confirmed this
function.? RETN (ADSF, FIZZ3, RETN1) was first discov-
ered in mouse immune system genes. In humans, it is lo-
cated on chromosome 19p13.2 and has 4 exons (the length
of resistin pre-peptide in humans is 108 amino acid resi-
dues and it is 114 in mice). The first one has an approximate
length of 1750 base pairs. The characteristic feature of this



Adv Clin Exp Med. 2021;30(8):865-874

family is the C-terminal stretch of 10 cysteine residues
with identical spacing.® The mouse homolog of this pro-
tein is secreted by adipocytes and may be correlated with
obesity and type 2 diabetes (T2D) development.* Genetic
tests showed the presence of mRNA in the adipose tissue.
Its expression is 418% higher in the abdominal adipose
tissue than in adipose tissue from other parts of the body,
for example from the thighs. McTernan et al. correlated
this phenomenon with a greater risk of T2D and obesity.?

Resistin was discovered by Steppan et al. in 2001 while
studying a new class of antidiabetic drugs — glitazones.®
At the same time, Kim et al. showed that this protein secreted
by adipocytes inhibits the proliferation of adipose cells.” Other
authors discovered that resistin is one of the inflammation
factors that have an impact on the reactivation of the respira-
tory system.® Before these studies were published, the main
scientific interests focused on resistin as a factor influencing
insulin resistance. Nowadays, it is thought to be a protein
playing an important role in various pathomechanisms.
The name resistin originates from the phrase “resistance
to insulin”. It is one of the resistin-like molecules (RELMs)
proteins and was first discovered in mouse peripheral blood.’
Different names for this protein can be found in the litera-
ture with resistin being the most frequently used followed
by adipose-specific secretory factor (ADSF) and “protein
found in inflammatory zone 3” (FIZZ3).1?

The RELMs may influence signal pathways on a cell
level, leading to changes in the concentrations of a variety
of substances in tissues. Resistin has a multidirectional
effect. Through its influence on the metabolism, it an-
tagonizes the action of insulin and reduces glucose level
in adipocytes and muscle cells.®

Resistin has 2 conformations: a trimer with molecu-
lar mass of 45 kDa and an oligomer with a molecular
mass of 660 kDa. The influence of those 2 conformations
on the activity of resistin has not yet been established.!!
The protein is present in the serum as oligomers with high
or low molecular masses.!? The multidirectional action
of resistin on the metabolism is pleiotropic and directed
through 3 mechanisms, i.e., paracrine, endocrine and au-
tocrine mechanisms.!?

It was shown that resistin is produced in human im-
mune system cells, such as granulocytes, macrophages
and monocytes. Moreover, the activity of this protein was
observed in hematopoietic stem cells, the spleen, thymus,
skeletal muscle system, digestive system, pancreas, pla-
centa, and uterus.'* More recent studies showed that RETN
gene polymorphism may affect the course of treatment,
especially in oncology.!® It is suspected that a large number
of cells and tissues may react to circulating resistin, which
suggests that the protein may have an impact on a wide
variety of pathological and physiological processes.

Resistin influences the inhibition of leptin activity through
regulating the signal pathway inhibitor expression.!® There
is evidence that higher levels of this protein in adipose tissue
promote the development of insulin resistance that is one
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of the components of metabolic syndrome (MetS). This
is now actively studied. Resistin changes the metabolism
of carbohydrates, influencing liver enzyme activity. Baner-
jee et al. showed that resistin changes the activity of AMP-
activated protein kinase in the liver. The decrease of activity
is connected with adenosine monophosphate (AMP) phos-
phorylation, which causes an increase in glucose release
in the liver.'® This protein accumulates in perivascular adi-
pose tissue (PVAT). This tissue is endocrinally independent
of other hormone influences according to studies. In diet-
induced obesity, the dysfunction of PVAT leads to vascular
diseases. Perivascular adipose tissue contains adipocytes,
preadipocytes, mesenchymal stem cells, endothelial cells,
and inflammatory cells. Mesenchymal stem cells from
PVAT may differentiate into adipocytes, osteoblasts and
endothelial cells. The composition of adipose tissue in obe-
sity is different in different people in a given population, and
the number of macrophages and lymphocytes T increases.
This phenomenon is still being studied. Numerous inflam-
matory mediators released from epicardial adipose tissue
(EAT) may affect the dynamics of atherosclerosis (AS) and
ischemic heart disease (IHD) development.

Reference values of resistin levels
in normal and pathological conditions

Resistin levels in healthy individuals are within the range
of 7-22 ng/mL, and are on average 15 ng/mL. They in-
crease with age and underlying pathological conditions,
e.g., in diabetes it is 40 ng/mL." Resistin levels depend
on metabolic changes in the organism. According to Rajala
et al,, resistin levels are lower in a fasting state than after
meals.!® Obese individuals have higher resistin concentra-
tions than slim ones.!*?° Persons with diabetes and obese
patients have increased plasma resistin levels.!? In patients
with MetS, the levels of this protein correlate with the lev-
els of inflammation biomarkers and CAD.?! In patients
with osteoarthritis and rheumatoid arthritis, resistin levels
are increased in the synovial fluid and tissue.??

The impact of resistin levels
on insulin levels

One of the first observations related to resistin was that
the levels of this protein were higher in mice with genetic
or experimentally generated obesity.? In rats, resistin lev-
els were higher in insulin resistance related to hepatic
disturbances. The protein may influence the apoptosis
of beta cells in their pancreas.?®2* The extrapolation of this
data to humans is difficult because of the different histo-
logic composition of the adipose tissue, and the fact that
the protein is synthesized in circulating blood monocytes.
In contrast to mice, the synthesis of resistin in human
white adipose tissue does not play an important role.
It is worth mentioning that human and mouse resistin are
approx. 60% homologous. Resistin has the ability to bind
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the suppressor of cytokine signal proteins (SOCS), which
are negative regulators of the JAK-STAT signal pathway.
A correlation was found in relation to both dose and time.
Through resistin induction, SOCS may increase insulin
resistance, which corresponds to the impact of resistin
on insulin activity in adipocytes.?

A study by Sheng et al. showed that the expression of re-
sistin in hepatocytes leads to the development of insulin
resistance in humans.?® Resistin mRNA levels are higher
in patients with T2D than in healthy volunteers.”” Gharibeh
et al. compared obese patients not suffering from T2D and
those with diabetes. Higher levels of resistin were found
in the latter group.?® In patients with T2D and diabetic foot,
resistin levels were even higher than in diabetic patients
without this complication. In comparative studies con-
ducted among obese people and patients with T2D, resistin
expression was higher in the former, but not in the latter
group.? In another study, a correlation of higher resistin
levels and T2D was found. Moreover, a correlation with
complications of gestational diabetes was found.!' More
studies on the impact of resistin levels on insulin resistance
pathogenesis are needed to establish them as insulin resis-
tance biomarkers in different patient groups.

Impact of resistin
on the etiology of thrombosis

Recent studies show that in the pathophysiological mech-
anism of myocardial infarction (MI), thrombus building
on the surface of plaque seems to play a key role in coronary
arteries. Resistin probably plays an important role in this
process, too. This role is connected with its influence on NO
synthesis. Present theories pertain to the regulatory function
of resistin on the endothelial nitric oxide synthase (eNOS) en-
zyme. This enzyme generates NO in the endothelium through
the conversion of L-arginine into L-citrulline. The NO plays
arole in platelet activity and in vivo studies are ongoing. En-
dogenous NO generated by eNOS is an important regulator
ofin vivo platelet activity in the vascular endothelium and has
a minimal impact on inducible NOS and neuronal NOS.3¢
The abovementioned theories need further validation in an-
imal models. Resistin and oxidative stress may play a role
in the pathogenesis of CAD, including acute coronary syn-
drome (ACS). The influence of resistin levels on the oxidative-
reductive balance was evaluated in ACS to distinguish it from
stable angina. Patients with ACS had higher resistin levels
than those with stable angina (2.55 +0.13 ng/mL compared
to 1.53 £0.12 ng/mL, respectively; p < 0.001).3!

The impact of resistin levels
on kidney diseases

A relationship between hyperresistinemia and renal
function impairment was established in 2009.32 Through
the stimulation of proper signal pathways, cytokines
may influence binding on the cell surface and triggering
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signal pathways. In this way, they may influence cell
function. The cytokine response takes place through
the change in the number of receptors on the cell sur-
face, regulation of the synthesis of other cytokines, and
the change in gene activity and transcription.3® Resis-
tin influences the synthesis and release of endothelin-1
(ET-1) from endothelial cells, increases the production
of cell adhesion molecules, and may decrease the synthe-
sis of factor 3 connected with the tumor necrosis factor
alpha (TNF-a) receptor. Endothelin-1 is a vascular fac-
tor synthesized in the endothelium that may be related
to the development of AS.3*

The impact of resistin levels
on other diseases

In current studies, resistin is also thought to be con-
nected with different cardiovascular diseases (CVDs),
especially IHD.3> Other studies show its potential rela-
tionship with oncologic diseases, asthma, Crohn’s disease,
and T2D.32 Higher resistin levels were observed in patients
with kidney failure.3® Active cancer is connected with
higher resistin activity, which may have an impact on its
progression.®” Resistin and other adipokines play an in-
creasingly important role in the diagnosis of oncologic
diseases. The research in the last 2 decades showed that
their higher levels in serum are affecting breast cancer
development in women with pre-existing obesity. Wang
et al. showed a correlation between resistin levels and
frequency of stromal tumor in breast cancer, especially
in postmenopausal women with obesity.3® Resistin together
with other adipokines may be used as a predictor for com-
plex breast cancer risk assessment in women.?® Figure 1
shows the main mechanisms related to the influence of re-
sistin on the human body and diseases in which it may play
an important role.

Resistin as a potential biomarker
of cardiovascular diseases
treatment and prevention

The impact of resistin levels
on the development of atherosclerosis

Cardiovascular diseases, especially IHD, are a leading
cause of death in today’s world. Atherosclerosis is an in-
flammatory disease. Monocytes migrate to the arterial
endothelium where they differentiate into macrophages.
The next step in this process is the invasion of large
amounts of lipoproteins and further differentiation into
foam cells, which may form a plaque. Importantly, resis-
tin is synthesized not only in human adipocytes but also
in macrophages.*® This is supported by the fact that high
resistin levels were observed in patients with ACS, where
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Fig. 1. The main mechanisms related to the influence of resistin on the human body and diseases in which it may play an important role

damage from plaques occurs. The cells infiltrate arteries
and are a source of cytokines. As an adipokine, resistin
induces cytokine and chemokine expression.*!

Many studies showed a correlation between IHD
and changes in plasma resistin levels as well as in peri-
cardial perivascular tissue. Wang et al. showed higher
plasma resistin levels in patients with ACS.*? In a group
of 220 patients with ACS, resistin levels were higher than
in patients that qualified for elective cardiac procedures
(1.18 £0.48 pg/L compared to 0.49 +0.40 pg/L; p < 0.01).
Hu et al. published similar observations. In a group
of 93 patients with ACS, resistin levels in patients with un-
stable angina were 12.09 ng/mL compared to 9.04 ng/mL
in patients without signs of instability. Higher resistin
levels were a syndrome of unstable angina. However, this
study did not reveal a positive correlation between resistin
concentrations and hypertension.** A positive correlation
between resistin levels and high sensitivity C-reactive pro-
tein (CRP) levels and white blood cells (WBC) count was
observed, which was also reported by other scientists.*+*>

The impact of resistin levels
on the etiology of atherosclerosis
and endothelial function

The complicated mechanism of AS leads to an increase
of lipid storage in blood vessels, proliferation of smooth
muscle tissue cells, inflammatory cell invasion, and fi-
nally inflammation of blood vessels. Ischemic heart dis-
ease is caused by the progressive development of stric-
tures in coronary vessels in the form of plaques, which are
the places of damage and blood vessel stenosis. Literature
shows that this process may be influenced by serum re-
sistin levels.*

Initially, resistin was only associated with the influence
on insulin resistance development. Further studies showed
that the protein is involved in inflammatory processes
in in vitro and in vivo conditions. Positive feedback is ob-
served between the level of resistin and pro-inflammatory
proteins such as interleukin (IL)-1B, IL-6, TNF-«, and lipo-
saccharides, which significantly increase the expression
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of resistin in peripheral blood mononuclear cells.*” Resistin
takes part in the communication between adipocytes and
inflammatory cells.*® An increase of mRNA expression
and CRP secretion by peripheral blood mononuclear cells
(PBMC) was shown.*’

Free radicals are involved in the atherosclerotic process.
Their production is connected with hyperresistinemia,
the migration of monocytes to the inner membrane
of the coronary vessels and their differentiation into mac-
rophages. The consequence of monocyte migration is their
stepwise differentiation into foam cells that accumulate
the oxidated form of low-density lipoproteins (LDL).
An additional factor of plaque formation is endothelial
dysfunction. The process is multifactorial and modulated
by cytokines, free radicals, growth factors, and cell adhe-
sion molecules (influencing the tension of the coronary
vascular wall and leukocyte adhesion).!* In the develop-
ment of AS, the mechanisms that mediate the adhesion,
and release of inflammatory and anti-inflammatory
cytokines are not fully known. Resistin may play a role
in endothelial dysfunction through stimulation of ET-1
release.”® It induces the expression of adhesive molecules,
such as vascular cell adhesion protein 1 (VCAM-1), inter-
cellular adhesion molecule 1 (ICAM-1) and pentraxin-3
(PTX-3), a pneumonia biomarker. Other proteins that in-
hibit the release of VCAM-1 and ICAM-1, additionally
lowering insulin resistance, such as adiponectin, stand
in contrast to the proatherogenic action of resistin. This
shows that there is a balance between pro- and antiathero-
genic factors; a balance between serum levels of resistin
and adiponectin. An imbalance influences the develop-
ment or inhibition of AS.>* Endothelial dysfunction and
endoplasmic reticulum stress was shown to influence re-
sistin mRNA levels in a special mouse adipocyte cell line
(3T3-L1) leading to the progression of AS in this model.>?
Coronary endothelial cells constitute a protective barrier
against pathophysiological phenomena promoting AS.
Prostacyclin, endothelium-derived relaxing factor/NO,
angiotensin II, and ET-1 are substances synthesized and
released by endothelial cells supporting their secretory
properties.>® The tight arrangement of the endothelial
cells in the coronary vessels is additionally strengthened
by endothelial cell junctions. Damage to this barrier leads
to higher permeability for monocytes, macrophages, leuco-
cytes, and cholesterol-transporting lipoproteins.>* It was
shown in a rabbit artery model that resistin synthesized
in macrophages leads to the adhesion of monocytes to en-
dothelial cells through the integration of integrin-alpha 4
and beta-1 in monocytes. This leads to VCAM-1 expres-
sion and longer-lasting monocytes on the plaque causing
an increase in inflammation.

In vitro studies showed that higher resistin levels may
increase the permeability of endothelial cells. Epicardial
adipose tissue is indicated as the source of resistin.”® Other
substances belonging to RELMs, especially RELM-beta,
may play a similar role. Similar to resistin, RELM-beta
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is also a cysteine-rich protein.®” Resistin influences also
eNOS in endothelial cells. A correlation between the lev-
els of this protein, lower mRNA expression and enzyme
activity was shown. Nitric oxide concentration negatively
correlated with resistin levels. The protein from endothe-
lial cells increases the synthesis of reactive oxygen species
(ROS) and suboxide anions.>®

Kougias et al. showed that resistin acts as a pro-oxidant
in endothelial dysfunction through lowering eNOS ex-
pression. A decrease of endothelial-dependent and inde-
pendent vasorelaxation was noticed in prepared porcine
coronary artery rings in vitro. This effect was significant
when high levels of resistin (>40 ng/mL) were used.” Dick
et al. confirmed the previously mentioned results using
coronary arteries of dogs under general anesthesia and
prepared parts of canine coronary artery rings. Resistin de-
creased the bradykinin-induced vasorelaxation, which led
to the conclusion that this protein may influence the me-
tabolism of endothelial cells. The experiment did not show
that endothelial dysfunction caused by resistin influences
the development of AS and the decrease of bradykinin ac-
tivity was reported as moderate.®® There are also some
doubts as to whether the influence of resistin on human
coronary arteries is the same as in other species such as pigs
or dogs. Studies in mice were also performed. Transverse
aortic vascular rings of mice (C57BL/6; n = 22) were ex-
posed to various biological factors, including resistin. A de-
crease in vasorelaxation caused by insulin was observed.
According to scientists, resistin acts mainly in the endothe-
lium through the insulin-mediated IRSI1 signal pathway,
leading to Akt/eNOS phosphorylation and, in consequence,
a decrease of NO-dependent vasorelaxation.®! The above-
mentioned studies showed that resistin changes the vaso-
motor functions of coronary arteries in vivo and in vitro.

In 2014, Cabrera de Leon et al. published the results
of a study on the impact of resistin levels on the occur-
rence of cardiovascular events. The study was conducted
in a group of 6636 randomly selected people. It was shown
that resistin levels in women were higher than in men,
and, regardless of gender, these levels correlated with
the frequency of cardiovascular events. The researchers
also assessed other factors, such as: arterial hypertension,
abdominal obesity, diabetes, dyslipidemia, and smoking.®?

In 2015, Gencer et al. published a summary of results
from a ten-year follow-up on the relationship between re-
sistin and cardiovascular events. Exactly 3044 people aged
70-79 participated in the study. Cardiovascular events
were defined as heart disease or stroke, whereas severe
events were defined as death or MI. There was a significant
correlation between the frequency and severity of cardio-
vascular events and plasma resistin levels.®®* Muse et al.
investigated the relationship between resistin levels and
the incidence of cardiovascular events in various ethnic
groups in 1913 people, and found that the Hispanic group
presented with a higher risk of cardiovascular events,
which correlated with resistin levels.®*
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Resistin can be used as a peripheral blood biomarker
for strokes. In a study performed in 46 patients with
ischemic stroke, higher levels of resistin and chemerin
(another adipokine) were noticed. Higher levels of resistin
and chemerin significantly increased the risk of ischemic
stroke. The severity of stroke was not influenced by the lev-
els of the aforementioned adipokines.®®

In a group of patients with heart diseases requiring sur-
gical intervention, levels of pro-inflammatory proteins
were measured before and after the surgical procedure.
The study showed that higher resistin levels correlated
with blood transfusions after valve replacement surgery
and revascularization of the heart muscle.®®

In the AVOCADO study (Aspirin Vs./Or Clopidogrel
in Aspirin-resistant Diabetics inflammation Outcomes),
patients with T2D and at least 2 other cardiovascular risk
factors and receiving acetylsalicylic acid were examined.
It was noted that patients with atrial fibrillation (AF)
presented higher levels of resistin and adiponectin than
patients without AF. However, none of the analyzed adipo-
kines was a predictive factor for AF development.®”

In another study carried out in 146 patients, resistin
was indicated to play a potentially predictive role as a bio-
marker for AF. Twenty eight patients with AF presented
higher serum resistin levels.®

There is a practical aspect of measuring resistin levels
in epicardial tissue (sectioned during cardiovascular sur-
gery) as that may be an indirect predictor for AF during
postoperative care. In our previous study, 46 patients after
coronary artery bypass grafting (CABG) were monitored for
3 days after the surgery and divided into 2 groups (with AF
after the surgery and without AF after surgery). Resistin lev-
elsin perivascular adipose tissue in the area of the left coro-
nary artery were significantly higher in patients with AF
than in those without AF (p = 0.03). Multivariate stepwise
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regression analysis showed that resistin levels higher than
54 ng/g in the PVAT of the left coronary artery were in-
dependently connected with AF in the postoperative pe-
riod.® Resistin may also be a biomarker for cardiovascular
events in patients undergoing cardiosurgical procedures.
In a study with 33 patients that had CAD after cardiac sur-
gery, the patients were divided into 2 groups, in which the 1°*
group included patients that underwent MIin the past while
the patients in the 2" group did not. Epicardial fat tissue was
collected from all patients during cardiac surgery. Multi-
variate analysis showed that MI correlated with being male,
older age, and higher resistin levels in epicardial fat tissue
compared to potentially healthy persons.”

The influence of resistin on different disease processes
in the human body is multidirectional and leads to nega-
tive outcomes. This is why resistin may be a potential
target for new therapeutic strategies. However, the role
of resistin in pathophysiology needs to be fully evaluated.
A potential method for this evaluation is the use of a new
antibody against human resistin (hResistin). It may be used
for the immunohistochemical evaluation of hResistin ex-
pression, localization and intracellular/extracellular com-
partmentalization in human tissues. The cross-sectional
reactivity of this monoclonal antibody against hResistin
immunoglobulin G1 class (IgG1) with proper human tis-
sues was also verified. The results show that hResistin
is widely spread and localized mainly in cytoplasmic mac-
rophage granules in the interstitial parts of most human
tissues. Marked hResistin was also observed in the cyto-
plasm of nervous system cells. Data show that the antibody
binds to human resistin and may be potentially used in im-
munotherapy aiming to decrease free circulating hResistin
levels in patients.”*

In the etiology of CVDs, obesity and insulin resis-
tance play a vital role. The treatment of those diseases

Table 1. Human studies showing evidence for the role of resistin in cardiac diseases

Analysis | Group |

Var'logs UEILEE [P 6636 people (randomly selected)
resistin levels

Plasma resistin levels 3044 people aged 70-79

Resistin el lifrerei: 1913 people from various ethnic groups
ethnic groups peop group
Peripheral blood resistin

46 patients with ischemic stroke
levels

Various protein levels
before and after surgical
procedure

90 patients divided into 3 groups
undergoing open heart surgeries

304 patients with type 2 diabetes with 2
additional cardiovascular risk factors and
receiving acetylsalicylic acid

AVOCADO study

Serum resistin levels 146 patients with AF

Resistin levels correlated with the frequency

Positive significant correlation with

Resistin plasma levels correlated with
the incidence of cardiovascular events

Higher levels of resistin significantly increased

Higher resistin levels correlated with blood
transfusion after valve replacement surgery
and revascularization of the heart muscle

In type 2 diabetes, patients with AF had
higher resistin concentrations than patients

Resistin may play predictive role as biomarker

Evidence | References

) Cabrera et al®?
of cardiovascular events

) Gencer et al %
cardiovascular events

Muse et al 5
in the Hispanic group

: : ) Kazimierczak-Kabzinska et al.%®
the risk of ischemic stroke

Saracevic et al %

Peller et al.%
with no AF

idi 68
for AF Samanidis et al.

AF — atrial fibrillation.
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is connected with the use of statins which minimize
the incidence of CVDs. Statins may be used in patients
with T2D because they decrease resistin mRNA levels
in PBMC and plasma resistin levels.”? In addition, resistin
plasma levels may also be decreased by the use of ramipril
or amlodipine.”® Promising reports show that those levels
may also be decreased by the bolus administration of vi-
tamin C that leads to lower oxidative stress.”* A similar
effect was observed in psoriasis patients treated with
retinoids.”

The review of available publications showed that the role
of resistin as a marker in the etiology and treatment for
heart diseases has increased in recent years, but the main
interest lies in its role in metabolic, renal and oncological
diseases. In the near future, new scientific data can be
expected, which will also include issues related to cardiac
surgery.

Table 1 provides an overview of relevant publications
on the potential use of resistin as a biomarker in the treat-
ment and prevention of heart diseases.

Conclusions

Publications show that resistin may be a predictor for
various pathological states. Not all studies present precise
and coherent data on the pathophysiological mechanisms
of action. There is a need for further studies to explain
the exact role of resistin in many diseases. Resistin could
be a biomarker for cardiovascular events in patients un-
dergoing cardiosurgical procedures. On the other hand,
this protein may be a potential target for new therapeutic
strategies.
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