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ABSTRACT

To evaluate the expression of UCP1, UCP2, and UCP3 mRNA and encoded proteins in
epicardial and mediastinal adipose tissues in patients with coronary artery disease (CAD).

We studied 60 patients with CAD and 106 patients undergoing valve replacement
surgery (controls). Expression levels of UCP1, UCP2, and UCP3 mRNA and encoded proteins were
measured by quantitative real-time PCR and Western blot analysis, respectively. We found
increased UCP1, UCP2, and UCP3 mRNA levels in the epicardial adipose tissue in the CAD versus
the control group, and higher UCPT and UCP3 mRNA expression in the epicardial compared with
the mediastinal tissue in the CAD group. There was also increased expression of UCP1 protein in
the epicardial tissue and UCP2 protein in the mediastinum tissue in patients with CAD. Finally,
UCP1 expression was associated with levels of fasting plasma glucose, and UCP3 expression was
associated with levels of high-density lipoprotein cholesterol and low-density cholesterol in the
epicardial tissue. Our study supports the hypothesis that higher mRNA expression by
UCP genes in the epicardial adipose tissue could be a protective mechanism against the production
of reactive oxygen species and may guard the myocardium against damage. Thus, UCP levels are
essential to maintain the adaptive phase of cardiac injury in the presence of metabolic disorders. Arch
Endocrinol Metab. 2023;67(2):214-23
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INTRODUCTION

l Yat accumulation around the heart has
established as a risk factor for various cardiovascular

been

diseases. In the cardiac region, fat accumulation occurs
inside and outside the pericardium in fatty deposits
in the epicardial and paracardial areas, the latter
corresponding, essentially, to the mediastinal adipose
tissue (MAT). The epicardial adipose tissue (EAT)
has been the target of various investigations due to its
relationship with the coronary arteries and myocardium
and potential influence on the development of coronary
artery disease (CAD). The EAT, which comprises
visceral fat below the visceral pericardium and in
close contact with the coronary arteries (1), contains
many fatty acids that are free and capable of secreting
proinflammatory and proatherogenic cytokines and
antiatherogenic adipocytokines (1). Although the EAT
has a complex and incompletely understood functional
role, it probably has multiple functions, including
mechanical, metabolic, thermogenic, and endocrine/
paracrine roles (2). Compared with subcutaneous and
visceral fat deposits, the EAT has been reported to have
a higher rate of release and absorption of free fatty acids
(FFAs) (3). Since the myocardial metabolism is highly
dependent on FFA oxidation, the EAT provides the
myocardial energy needs, especially during periods of
high demand.

Uncoupling proteins (UCPs) 1, 2, and 3 are
members of an anion-carrier protein family with
structural similarities, located in the mitochondrial
inner membrane and carrying tissue-dependent genetic
expression in mammals (4). The primary function of
the UCPs is to uncouple the mitochondrial oxidative
phosphorylation, promoting leakage of protons across
the inner mitochondrial membrane without passing
through the charge pathway to synthesize ATD (a
process involved in producing heat). As a result of
this uncoupling mechanism, stored triglycerides are
mobilized and play an essential role in fat metabolism
(4,5). Some publications have shown that UCP
expression by the related genes is higher in the EAT than
in other fat deposits in the body, such as the abdomen,
thighs, and subcutaneous tissue (6). Also, some studies
have shown that polymorphisms of the UCP genes
may contribute to metabolic disorders with significant
effects on energy metabolism (7), directly and indirectly
affecting obesity and type 2 diabetes phenotypes (8-10).

Based on these considerations, the main aim of our
study was to evaluate the expressions of UCP1, UCP2,
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and UCP3 mRNA and encoded proteins in EAT and
MAT and their associations with CAD.

SUBJECTS AND METHODS
Population

This case-control study included 166 adult patients
of both sexes and older than 18 years who agreed to
participate in the research. Of these, 60 had undergone
elective primary coronary artery bypass surgery for
treatment of angiographically proven obstructive CAD
(11), defined as a disease causing stress- or exercise-
related symptoms of angina due to a narrowing of >
50% in the left common trunk or > 70% in one or more
of the major arteries. The remaining 106 patients
(control subjects) had undergone valve replacement
unrelated to atherosclerosis lesions and had normal
coronary angiography in the preoperative period.
Patients with liver or kidney disease, cancer, untreated
thyroid dysfunction, or infectious conditions and
those on corticosteroid treatment were excluded from
the study in both groups. All participants answered
standardized and validated questionnaires collecting
information on family and medical history, physical
activity, and alcohol and tobacco consumption.
The exclusion criteria were non-Mexican origin,
corticosteroid treatment, and contaminated or
insufficient samples (Figure 1). Diabetes mellitus was
defined as glucose values > 126 mg/dL for at least
3 months. Dyslipidemia was defined as abnormal
lipid levels; alcoholism was defined according to
the Michigan Alcoholism Screening Test (MAST)
(12) and AUDIT trail (13). Smoking was described
as smoking of at least one cigarette per day in the
previous 6 months.

Sample size

The sample size was calculated considering that,
at the National Institute of Cardiology “Ignacio
Chavez” in 2018, 120 coronary revascularization
surgeries were performed, and a total of 155 patients
underwent valve replacement surgery. The sample
size was calculated according to differences in means
between groups, considering an incidence of the UCP
gene of approximately 0.08 in the cases and 0.02 in
the controls with a A = 0.06, statistical power of 95%,
and p < 0.05. According to the following formula, our
“n” value was 59:
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po = Probability that UCP expression occurs in cases

q0 = Probability that UCP expression does not occur in cases
pi = Probability that UCP expression occurs in controls

qi = Probability that UCP expression does not occur in controls
1.96 = value < 0.05

1.28 = power (0.84)

Ethical aspects

Signed informed consent was obtained from each
participant after a full explanation of the purpose and
nature of all procedures used in the research study, as
recommended in the Declaration of Helsinki, modified
in the Tokyo Congress, Japan (14). The research was
approved by the Ethical, Biosecurity, and Investigation
Committees of the National Institute of Cardiology
(registration number 10-690).

Biochemical analysis

Blood samples were collected by venipuncture after 12-
hour fasting. Levels of total cholesterol, triglycerides,
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and glucose
were measured using the Lowry 2000 enzymatic
photometric system DiaSys (DiaSys Diagnostic Systems,
Holzheim, Germany).

UCP genes expression and coronary disease

Epicardial and subcutaneous adipose tissue

Biopsies from adipose tissues were obtained during
revascularization or valvuloplasty surgery, depending
on the group. Samples of EAT (0.5 to 1.0 g) were
obtained from the region proximal to the left anterior
descending coronary artery due to the presence of
lesions in different segments, and samples of MAT
were obtained from the pectoral region. Each EAT and
MAT sample was sectioned into two portions, placed
in tubes with Allprotect Tissue Reagent (QIAGEN,
Hilden, Germany), and frozen at -70 °C until RNA and
protein extraction.

Quantification of mRNA by real-time PCR

According to the manufacturer’s protocol, RNA and
protein were isolated using TriPure Isolation Reagent
(Roche UK).
transcription reaction (RT-qPCR) was performed using
1 pg of total RNA for ¢cDNA synthesis according to
the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster, CA, USA). cDNA was
stored at -80 °C. The quantification of mRNA (qPCR)
was accomplished using the Bio-Rad CFX96 Real-
Time System (Bio-Rad, Hercules, CA, USA). Levels
of UCPs and HPRT (Hs99999909_ml) (reference
gene) expression were measured using a commercially

Molecular  Biochemicals, Reverse

available kit (TagMan Gene Expression Assay, Applied
Biosystems). The specificity and the optimal primer

200 subjects of Mexican origin

|

80 subjects with obstructive
coronary artery disease

20 subjects excluded
— Non-Mexican origin (3)
— Corticosteroid treatment (5)
— Insufficient or contaminated adipose
tissue sample (9)
— Samples not fully immersed in Allprotect (3)

A4

v

|

120 subjects undergoing valve
replacement

14 subjects excluded

— Atherosclerotic lesion (6)

Kidney disease (1)

— Corticosteroid treatment (5)

Samples not fully immersed in Allprotect (2)

A
|

v

60 confirmed subjects
diagnosed with obstructive
coronary artery disease

106 confirmed control
subjects with valve
replacement

Figure 1. Flowchart of study sample selection.
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and probe concentrations were tested. Amplifications
were performed starting with a 10-minute template
denaturation step at 95°C, followed by 40 cycles at
95°C for 15 seconds and 60 °C for 1 minute. No reverse
transcriptase (NRT) controls were prepared for each
sample. First-strand cDNA samples were stored at -20°C.
The primer sets used targeted the following human genes:
UCPI (Hs01084774_ml), UCP2 (Hs01075227_ml),
and UCP3 (Hs01106052_m1). Gene expression levels
were quantified in duplicate, and the quantitative cycle
(Cq) values were determined and normalized using the
reference gene expression (HPRT). Reaction efficiencies
were determined from the standard curves. Standard
curves for each target were prepared from pooled
samples of first-strand cDNA from CAD patients and
valve patients (controls). Four randomly selected cDNA
samples from each group were pooled, and eight serial
dilutions were made. All data were expressed relative to
each control value. Relative quantification was carried
out by means of the formula 244 (15).

Western blot analysis

Proteins were analyzed by Western blot analysis as
previously described (16). Blots were incubated with
antibodies against human UCPI1 (polyclonal antibody
Abcam abl0983, dilution 1:500), human UCP2
(polyclonal antibody Abcam ab67241, dilution 1:500),
and human UCP3 (polyclonal antibody Abcam 10985,
dilution 1:1000). Equal loading of protein in each
lane was verified by staining filters with Ponceau and
incubating blots with monoclonal antibodies against
human B-actin (Abcam ab8226).

The Quantity One software (Bio-Rad) was used to
quantify the membrane bands via densitometry, which
were detected using Clarity Western ECL Substrate
(Bio-Rad). The expression levels were measured in
duplicate and normalized and then compared against
the concentration of a loading protein control. The
results were expressed as arbitrary units of intensity.

Statistical analysis

Data were analyzed using SPSS, v21 (SPSS Inc.,
Chicago, USA). The sample size calculation considered
a confidence interval of 95% and power of 84%. The
results are presented as mean + standard deviation
(SD) for variables with parametric distribution.
Variables without normal distribution are presented
as median (minimum-maximum) values. The Kruskal-
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Wallis test was carried out to compare two or more
independent samples. The Shapiro-Wilk test was used
to assess normality. Comparisons between groups
were performed using the unpaired Student’s 7 test
for continuous variables and the Mann-Whitney U test
for discontinuous variables. For categorical variables,
the chi-square test was used. Univariate analysis
was performed using one-way analysis of variance
(ANOVA) to evaluate outcomes in the control group
and differences in clinical variables among patients.
Subsequently, binary logistic regression analysis was
carried out to explore the association between UCP
expression and the main factors associated with CAD.
A p value < 0.05 was considered statistically significant.

RESULTS
Characteristics of the study population

In the study population of 166 subjects, 60 patients were
in the CAD group and 106 were in the valve replacement
group (controls). Table 1 shows the biochemical and
anthropometric characteristics of the participants.
Patients with CAD, compared with controls, had
lower serum levels of HDL-C (p = 0.039) and higher
serum levels of triglycerides (p = 0.011) and glucose (p
< 0.001), along with increased rates of diabetes (p =
0.004), smoking (p < 0.001), and use of statins (p <
0.001) and anti-hypertensive drugs (p = 0.012).

Between men and women, no significant differences
were observed regarding all parameters, except for
levels of HDL-C (p = 0.035, data not shown).

Expression of mRNA of UCPs

To determine if UCPI, UCP2, and UCP3 mRNA and
protein expression levels were a potential source of
cardiovascular disease, we analyzed these levels in EAT
and MAT obtained from the CAD and the control group.
Figure 2, displaying the levels of mRNA expression (in
median [minimum-maximum] values), shows a higher
expression of UCP1 mRNA in EAT of patients with
CAD versus controls (74.2 [6.6-179.1] versus 24.4
[9.9-100.9], respectively; p = 0.001). A similar pattern
was observed for UCP2 mRNA in EAP (102.6 [51.3-
324.7] versus 45.8 [22.7-145.5]), respectively; p =
0.002) and UCP3 mRNA in EAP (154.0 [35.4-316]

versus 37.9 [11.1-91.2], respectively; p = 0.001]) and :

MAT (70.8 [29.1-307.6] versus 49.1 [10.1-110.2],
respectively; p = 0.002).
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Table 1. Biochemical and anthropometric characteristics of the study population

Characteristics (n = 166) Patients with CAD (n = 60) Patients with valve disease (n = 106) P values
Age (years) 59.87 =+ 9.76 5114 +£155 0.290
Sex — men/women (%) 87.5/12.5 84.2/15.8 0.570
BMI (kg/m?) 26.6 = 3.1 26.4+43 0.328
TC (mg/dL) 156.2 + 56.5 155.0 +42.8 0.124
HDL-C (mg/dL) 353+79 40.3+13.3 0.039
LDL-C (mg/dL) 98.0 + 46.5 90.2 + 31.1 0.120
Triglycerides (mg/dL) 179.5 + 88 131.2+56.3 0.011
Glucose (mg/dL) 116.2 £ 37.8 99.8 +18.8 0.001
SBP (mmHg) 11012 113+ 0.791
DBP (mmHg) 69 + 7 70+9 0.675
Dyslipidemias (%) 15.0 235 0.187
T2DM — plasma glucose > 126 mg/dL (%) 32.2 13.2 0.004
Current smoking (%) 63.6 34.7 0.000
Current alcoholism (%) 20.0 19.8 0.098
Hypertension — BP > 140 mmHg (%) 50.0 415 0.290
Use of statins (%) 52.3 8.4 0.001
Use of antihypertensive drugs (%) 61.6 415 0.012
Use of hypoglycemic drugs (%) 8.3 2.8 0.111

Data are expressed as mean =+ standard deviation values (when analyzed with the Student’s ¢ test) or percentages (when analyzed with the chi-square test).
CAD: coronary artery disease; BMI: body mass index; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; DBP:

diastolic blood pressure; T2DM: type 2 diabetes mellitus; BP: blood pressure.

Regarding protein expression, we also compared both
groups and analyzed the expression levels in EAT and
MAT separately (Figure 3). We found a higher UCP1
protein expression in EAT in the CAD compared with the
control group (6.8 + 4.0 versus 2.2 + 1.6, respectively; p
=0.0001) and a higher UCP2 protein expression in MAT
in the CAD group compared with the control group (5.2
+ 3.8 versus 3.2 + 2.0, respectively; p = 0.005).

To test between
cardiovascular disease and adipose tissue region, we
evaluate the expression of each UCPin EAT and MAT
in both groups.

Figure 4 shows the levels of UCP1, UCP2, and
UCP3 mRNA expression in EAT and MAT in the CAD
and control groups. In the CAD group, we observed
a higher expression of both UCPI and UCP3 in EAT
compared with MAT (p = 0.004 for UCPI and p =
0.014 for UCP3). In the control group, we observed
the opposite, i.e., overall increased expression in
MAT compared with the EAT, but with a significant
difference for mRNA of UCPI only (p = 0.002).

We also analyzed the correlation between UCPI,
UCP2, and UCP3 mRNA expression and laboratory
parameters (serum levels of total cholesterol,
triglycerides, LDL-C, and HDL-C) and clinical

for potential correlations

Arch Endocrinol Metab. 2023;67/2

parameters comprising the main factors associated with
CAD (hypertension, diabetes, and body mass index).
We found significant associations with fasting plasma
glucose levels for UCPI mRNA expression in EAT (p =
0.042, r = 0.8), with triglycerides in MAT (p = 0.004, r
=0.96), with HDL-C in UCP3in EAT (p = 0.007,r =
0.9), and with LDL-C in EAT (p = 0.025,r = 0.9) and
MAT (p = 0.046,r = 0.8).

We found no differences in the expression level of
the analyzed proteins after categorizing the patients by
sex, age, and use of statins or anti-hypertensive drugs
(data not shown).

DISCUSSION

In the present study, we found significantly higher levels
of fasting plasma glucose, LDL-C, and triglycerides
and significantly lower levels of HDL-C in the CAD
group compared with the control group, confirming
interrelated damaging processes during cardiometabolic
injury (17). We also observed increased expression
levels of UCPI, UCP2, and UCP3 mRNA and encoded
proteins in the CAD compared with the control group.
Among patients with CAD, this increased expression was
more significant in the EAT compared with the MAT.
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Figure 2. Levels of UCP1, UCP2, and UCP3 mRNA expression in (A) epicardial adipose tissue and (B) mediastinal adipose tissue. The data were
normalized against HPRT-1; expression are represented as median (minimum-maximum) values.

Different mechanisms — cytotoxicity, endocrine
inflammation, oxidative stress, endoplasmic reticulum
stress, and mitochondrial dysfunction — have been
described to explain metabolic abnormalities (18-20),
although, in recent decades, lipotoxicity has become the

Arch Endocrinol Metab. 2023;67/2

most widely accepted mechanism of all (18,21). The
EAT plays an essential role in supplying fatty acids
to the myocardium. Under normal conditions, the
EAT regulates the homeostasis of fatty acids to
prevent lipotoxicity and secretes anti-inflammatory
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Figure 4. Levels of UCP1, UCP2, and UCP3 mRNA expression in the epicardial and mediastinal adipose tissues in the CAD and control groups.

and antiatherogenic adipokines (22-25). Dysfunction
in EAT leads to adipokine changes that cause the
release of fatty acids and proinflammatory cytokines
in pathological situations, leading to CAD (8,26,27).
The resulting inflammation process may induce the
conversion of brown adipose tissue to white adipose
tissue, which also secretes various proinflammatory
cytokines, aggravating local and systemic inflammation
and resulting in metabolic deterioration and damage.

Cardiac expression of UCP2 is increased in patients
with heart failure. However, the underlying causes
tor and possible consequences of this change during
the transition from hypertrophy to heart failure are
still unclear (28). A study with isolated ventricular
cardiomyocytes in an adult rat model of hypertension
has suggested that downregulated UCP2 is associated
with greater glucose absorption, indicating a metabolic
change. However, during progression and decrease
in ejection fraction, ventricular hypertrophy was
accompanied by increased expression of UCP2 mRNA
(29,30). The authors of the study showed a biphasic
expression of the UCP2 protein, with an initial
decrease in the expression of this protein during the
onset of hypertrophy followed by a significant increase
afterward.

Previous studies have shown that reactive oxygen
species (ROS) are the most important factor regulating
the activity and mRNA expression of UCP2 and
UCP3 (31,32). Production of oxygen free radicals in
cardiomyocytes increases rapidly due to damage to
the antioxidant systems during an event of myocardial
ischemia and due to their increase in the bloodstream
and supply of large amounts of oxygen to the cells
of the ischemic area during reperfusion (33,34).

Arch Endocrinol Metab. 2023;67/2

Therefore, an elevated level of these proteins can be
attributed mainly to high amounts of ROS during
myocardial damage (34). On the other hand, in vivo
and #n vitro studies have shown that expression of
UCPs increases during oxidative stress as a feedback
response aimed at reducing ROS production (35).
Consequently, increased UCP expression may act as
a protective mechanism to decrease ROS production.
These data could explain the increased expression of
UCP mRNA and encoded proteins in our patients
with cardiovascular damage, in which a condition
of oxidative stress and release of ROS could lead to
increased expression of these proteins. Also, other
studies have detected a sequence before the promoter
of UCP2 and UCP3 genes that contains a binding site
for ROS-sensitive factors. Therefore, under oxidative
stress, expression of UCP genes can also be increased at
the transcriptional level (31,36).

The increased mRNA expression of UCP genes
could be an adaptive protective response against
cardiomyocyte damage. Safari and cols. (37) have
reported that during various periods of ischemia and
reperfusion in rat hearts, cardiac mitochondria showed
more hydrogen leak, less membrane potential, less ATP
content, more oxygen consumption, and considerably
lowered ROS production. Also, levels of UCP2 and
UCP3 mRNA and their corresponding proteins would
produce ROS under anoxia and reperfusion (6,29,30).
Browning of white adipose tissue has also been
suggested to be an adaptive mechanism to alleviate
redox pressure (38), with an increased expression of

oxidative stress-related proteins in the EAT relative to :

subcutaneous adipose tissue in patients undergoing

cardiac surgeries (39). Thus, as an adipose depot, the .
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EAT exhibits specific upregulation in inflammatory
processes and is susceptible to accentuation during
CAD and other metabolic disturbances.

Shaihov-Teper and cols. (40) have demonstrated
that proinflammatory, profibrotic, and proarrhythmic
molecules are transported to the atria by the EAT. These
molecules are associated with endothelial dysfunction
and atherogenesis, supporting the hypothesis that EAT
participates in the early stages of atheromatous plaque
formation by changing the expression of uncoupling
proteins.

Another possibility involving changes in expression
of UCP genes is the occurrence of polymorphisms in
the population; it is known that these polymorphisms
—such as UCPI -3826 A/G, UCP 866 G/A, and UCP3
-55C/T- may be associated with increased susceptibility
to CAD. However, many studies have revealed that
these polymorphisms have different effects depending
on physical activity, lifestyle, and ethnicity (41). Finally,
the CAD process is intricate and involves a complex
interaction of genes, behavior, and environment, where
the role of diet and nutritional deficiency states can
interact. For example, vitamin A depletion is known to
have an impact on metabolism and energy balance and,
consequently, on male adiposity, exerting an evident
influence on the genetic variants SCARBI, UCP2,
and UCPI, although more studies are required for a
complete understanding of these mechanisms (42).

Of note, most studies evaluating the association
between the expression of UCP proteins and CAD have
been carried out in rodent models. This highlights the
importance of the present study, which evaluated the
expression of these proteins in samples of adipose tissue
in humans, specifically in patients of Mexican origin,
who present a genetic load different than patients of
Caucasian origin, in whom most human studies have
been carried out.

Limitations

A limitation of the present study was in its design, in
which the patients considered as controls were not
healthy subjects but, instead, patients with valve disease.
This occurred due to difficulty in obtaining fatty tissue
samples from healthy subjects. Although this study
tocused on UCP expression, other thermoregulatory
molecules (e4., PRDM16, PGC-la, and PPARy)
may also be involved in the development of CAD and
require further studies. Another potential limitation
of the present study was the fact that the participants

Arch Endocrinol Metab. 2023;67/2
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in the control group were younger than those in the
CAD group, although we found no difference in age
between the groups in correlation analysis.

In conclusion, the present study supports the
hypothesis that a higher expression of UCPs in the
EAT could act as a protective mechanism against the
production of ROS and guard the myocardium against
damage. This finding emphasizes the essential role that
UCPs play in the adaptive phase of cardiac injury in
the presence of metabolic disorders. The participation
of UCPs could also be considered protective for the
myocardium, although this effect should be analyzed
over time in prospective studies.

Acknowledgments: the authors thank all the participants of this
study.

Funding: this study was supported by funding from the Consejo
Nacional de Ciencia y Tecnologin de México, CONACYT
(National Council of Science and Technology) Project Number:
179967 CB-2012-01.

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Haberka M, Machnik G, Kowaléwka A, Biedron M, Skudrzyk E,
Regulska-llow B, et al. Epicardial, paracardial, and perivascular
fat quantity, gene expressions, and serum cytokines in patients
with coronary artery disease and diabetes. Pol Arch Intern Med.
2019;129:738-46.

2. Pérez-Belmonte LM, Moreno-Santos |, Gdémez-Doblas JJ,
Garcia-Pinilla JM, Morcillo-Hidalgo L, Garrido-Sanchez L, et al.
Expression of epicardial adipose tissue thermogenic genes in
patients with reduced and preserved ejection fraction heart
failure. Int J Med Sci. 2017;14:891-95.

3. Lopez-Jiménez F Sochor O. Epicardial Fat, Metabolic
Dysregulation, and Cardiovascular Risk: Putting Things Together.
Rev Esp Cardiol. 2014,67:425-7.

4. lkeda K, Yamada T. UCP1 dependent and independent
thermogenesis in brown and beige adipocytes. Front Endocrinol
(Lausanne). 2020;11(498):1-6.

5. Cioffi F Senese R, de Lange P, Goglia F, Lanni A, Lombardi A.
Uncoupling proteins: a complex journey to function discovery.
Biofactors. 2009;35:417-28.

6. Chechi K, Vijay J, Voisine P, Mathieu P, Bossé Y, Tchernof A, et al.
UCP1 expression associated gene signatures of human epicardial
adipose tissue. JCI. 2019;4:e123618.

7. Quian L, Xu K, Xu X, Gu R, Liu X, Shan S, et al. UCP2 -866
G/A, Alab5Val and UCP3 -55 C/T polymorphisms in association
with obesity susceptibility. A meta-analysis study. PLoS One.
2013;8:58939.

8. GiraltM,Villarroya F. Mitochondrial Uncoupling and the Regulation
of Glucose Homeostasis. Curr Diabetes Rev. 2017;13:386-94.

9. de Souza BM, Brondani LA, Bougas AP, Sortica DA, Kramer CK,
Canani LH, et al. Associations between UCP1 -3826A/G, UCP2
-866G/A, Alab5Val and Ins/Del, and UCP3 -55C/T polymorphisms

222

his resel

ght® AE&M all rig

Copyrig



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

and susceptibility to type 2 diabetes mellitus: case-control study
and meta-analysis. PLoS One. 2013;8:€54259.

Pyle A, lbbett IM, Gordon C, Keers SM, Walker M, Chinnery PF,
et al. A common UCP2 polymorphism predisposes to stress
hyperglycaemia in severe sepsis. J Med Genet. 2009;46:773-5.
DeWood MA, Spores J, Notske R, Mouser LT, Burroughs R,
Golden, et al. Prevalence of total coronary occlusion during the
early hours of transmural myocardial infarction. N Engl J Med.
1980;303:897-902.

Storgaard H, Nielsen SD, Gluud C. The validity of the Michigan
alcoholism screening test (MAST). Alcohol. 1994;5:493-502.
Jiang K, Xiang C. Design and implementation of an AUDIT trail in
compliance with US regulations. ClinTrials. 2011;8:624-33.
General Assembly of the World Medical Association. World
Medical Association Declaration of Helsinki: ethical principles
for medical research involving human subjects. JAMA.
2013;310:2191-4.

Livak KJ, SchmittgenTD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2-AACq method.
Methods. 2001;25:402-8.

Gamboa R, Jaramillo-Estrella MJ, Martinez-Alvarado MR, Soto
ME, Torres-Paz YE, de Gonzalo-Calvo D, et al. Monocyte Low-
Density Lipoprotein Receptor-Related Protein 1 (LRP1) Expression
Correlates with cIMT in Mexican Hypertensive Patients. Arq Bras
Cardiol. 2021;116:56-5.

Pravednikova AE, Shevchenko SY, Kerchev VV, Skhirtladze MR,
Larina SN, Kachaev ZN, et al. Association of uncoupling protein
(UCP) gene polymorphisms with cardiometabolic diseases. Mol
Med. 2020;26:51.

Goodpaster BH, Wolf D. Skeletal muscle lipid accumulation in
obesity, insulin resistance, and type 2 diabetes. Pediatr Diabetes.
2004;5:219-26.

Morino K, Petersen KF Shulman GI. Molecular mechanisms
of insulin resistance in humans and their potential links with
mitochondrial dysfunction. Diabetes. 2006;55:5S9-15.

Di Meo S, lossa S, Venditti P. Skeletal muscle insulin resistance.
Role of mitochondria and other ROS sources. J Endocrinol.
2017;233:R15-42.

Morales PE, Bucarey JL, EspinosaA. Muscle lipid metabolism: Role
of lipid droplets and perilipins. J Diabetes Res. 2017;201:1789395.
Wu P, Wang Q, Jiang C, Chen C, LiuY, Chen, et al. MicroRNA-29a
isinvolved lipid metabolism dysfunction and insulin resistance in
C2C12 myotubes by targeting PPARS. Mol Med Rep. 2018;17:8493-
501.

Lim JH, Ko MM, Moon TW, Cha MH, Lee MS. Association of
the UCP-1 single nucleotide polymorphism A-3826G with the
dampness-phlegm pattern among Korean stroke patients. BMC
Complement Altern Med. 2012;12:180.

Fitzgibbons TP, Czech MP. Epicardial and perivascular adipose
tissues and their influence on cardiovascular disease: basic
mechanisms and clinical associations. J Am Heart Assoc.
2014;3:e000582.

Talman AH, Psaltis PJ, Cameron JD, Meredith IT, Seneviratne SK,
Wong DT. Epicardial adipose tissue: far more than a fat depot.
Cardiovasc Diagn Ther. 2014;4:416-29.

Cheng KH, Chu CS, Lee KT, Lin TH, Hsieh CC, Chiu CC.
Adipocytokines and proinflammatory mediators from abdominal
and epicardial adipose tissue in patients with coronary artery
disease. Int J Obes. 2008;32:268-74.

Arch Endocrinol Metab. 2023;67/2

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

UCP genes expression and coronary disease

Rafeh R, Viveiros A, Oudit GY, El-Yazbi AF. Targeting perivascular
and epicardial adipose tissue inflammation: therapeutic
opportunities for cardiovascular disease. Clin Sci. 2020;134:827-51.
Kutsche HS, Schreckenberg R, Weber M, Hirschhéduser C, Rohrbach
S, Li L, Niemann B, et al. Alterations in Glucose Metabolism
During the Transition to Heart Failure: The Contribution of UCP-2.
Cells. 2020;9:552.

Bodyak N, Rigor DL, Chen YS, HanY, Bisping E, Pu WT, et al.
Uncoupling protein 2 modulates cell viability in adult rat
cardiomyocytes. EMJO. 2007;293:H829-35.

Fukunaga, Y, Itoh H, Hosoda K, Doi K, Matsuda J, Son C, et al.
Altered gene expression of uncoupling protein-2 and -3 in
stroke-prone spontaneously hypertensive rats. J Hypertens.
2000;18:1233-8.

Brand MD, Affourtit C, Esteves TC, Green K, Lambert A, Miwa
S. Mitochondrial superoxide: production, biological effects,
and activation of uncoupling proteins. Free Radic Biol Med.
2004;37:755-67.

Ishizawa M, Mizushige K, NomaT, NambaT, Guo P, Murakami K,
et al. An antioxidant treatment potentially protects myocardial
energy metabolism by regulating uncoupling protein 2
expression in a chronic beta-adrenergic stimulation rat model.
Life Sci. 2006;78:2974-82.

Gross GJ, Auchampach JA. Reperfusion injury: does it exist? J
Mol Cell Cardiol. 2007;42:12-8.

Misra MK, Sarwat M, Bhakuni P, Tuteja R, Tuteja N. Oxidative
stress and ischemic myocardial syndrome. Med Sci Monit.
2009;15:209-19.

Xie Z, Zhang J, Wu J, Viollet B, Zou MH. Upregulation of
mitochondrial uncoupling protein-2 by the AMP-activated protein
kinase in endothelial cells attenuates oxidative stress in diabetes.
Diabetes. 2008;57:3222-30.

Azzu V, Brand MD. The on-off switches of the mitochondrial
uncoupling proteins. Trends Biochem Sci. 2010;35:298-307.

Safari F, Anvari Z, Moshtaghioun S, Javan M, Bayat G, Forosh S,
et al. Differential expression of cardiac uncoupling proteins 2 and
3in response to myocardial ischemia-reperfusion in rats. Life Sci.
2014;98:68-74.

Thoonen R, Ernande L, Cheng J, Nagasaka Y, Yao V, Miranda-
Bezerra A, et al. Functional brown adipose tissue limits
cardiomyocyte injury and adverse remodeling in catecholamine-
induced cardiomyopathy. J Mol Cell Cardiol. 2015;84:202-11.
Carriere A, Jeanson Y, Berger-Muller S, Andre M, Chenouard V,
Arnaud E, et al. Browning of white adipose cells by intermediate
metabolites: An adaptive mechanism to alleviate redox pressure.
Diabetes. 2014,63:3253-65.

Shaihov-Teper O, Ram E, Ballan N, Brzezinski RY, Naftali-Shani N,
Masoud R, et al. Extracellular vesicles from epicardial fat facilitate
atrial fibrillation. Circulation. 2021;143:2475-93.

Pascual-Gamarra JM, Salazar-Tortosa D, Martinez-Tellez B,
Labayen |, Azahara |, Rupérez LC, et al. Association between
UCP1, UCP2, and UCP3 gene polymorphisms with markers of
adiposity in European adolescents: The HELENA study. Pediatr
Obes. 2019;14:e12504.

Galmés S, Palou A, Serra F Increased risk of high body fat and
altered lipid metabolism associated to suboptimal consumption
of vitamin A is modulated by genetic variants rs5888
(SCARB1), rs1800629 (UCP1) and rs659366 (UCP2). Nutrients.
2020;12(9):2588.

223

his resel

ght® AE&M all rig

Copyrig



