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Purpose: It has been proposed that the cardiovascular effects of obesity are related to

epicardial adipose tissue (EAT), which seems to play an active role on the development and

calcification of atherosclerotic plaques, but the mechanisms are still unknown. Therefore, the

aim of this study was to determine whether the EAT expresses the genes of calcifying factors

and whether such expression is associated with the body mass index (BMI) and with the

presence of coronary artery calcium (CAC) in patients with coronary artery disease (CAD).

Patients and Methods: Forty-three patients with CAD were enrolled specifically for this

study, and their CAC score and EAT volume were determined by computed tomography. As the

group of comparison, 41 patients with aortic valve stenosis and CAC = 0 were included (control

group). A representative subgroup of 16 CAD patients and 23 controls were selected to obtain

EAT biopsies during the chirurgical procedure from the atrio-interventricular groove. The

mRNA expression of bone morphogenetic protein-2 and -4 (BMP-2, BMP-4), osteopontin

(OPN), osteonectin (ON), and osteoprotegerin (OPG) in EATwas determined by qPCR.

Results: The gene expression of OPN and BMP-2 was 70% and 52% higher in the EAT

from CAD patients than that in controls, respectively, whereas the expression of OPG, ON,

and BMP-4 was similar in both groups. The EAT volume positively correlated with OPG and

with the BMI, suggesting a relationship of obesity with local higher expression of calcifying

genes in the coronary territory. The logistic regression analysis showed that high levels of

both OPN and BMP-2 increased about 6 and 8 times the odds of coronary calcification (CAC

score > 0), respectively.

Conclusion: EAT correlated with BMI and expressed the mRNA of calcifying genes but

only OPN and BMP-2 expression was higher in CAD patients. Higher levels of both OPN

and BMP-2 statistically determined the presence of calcium in coronary arteries of CAD

patients.
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Introduction
The coronary calcification is a common process observed in advanced athero-

sclerotic lesions;1,2 it has been proposed that the deposit of calcium in the artery is

similar to that of the bone tissue, but the precise mechanism of atheroma calcifica-

tion is still unknown. Obesity has been related with coronary calcification by the
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systemic low-grade inflammation characteristic of this

condition.3 However, a systemic effect is not consistent

with the fact that only certain, well-defined arteries are

affected by the calcification process, thus suggesting

a local participant at the affected area that contributes to

calcium deposit. In this context, epicardial adipose tissue

(EAT) emerges as a potential local organ that promotes

the coronary calcification,4 since the atherosclerotic pla-

ques are always situated in sections of the artery adjacent

to this tissue. Accordingly, several studies have found that

coronary artery calcification increases with EAT thickness

or volume measured by echocardiography or multidetec-

tor computed tomography.5–8 In addition, EAT volume

has been considered as a marker of visceral

adiposity.9,10 Therefore, these evidences strongly suggest

that obesity is linked to atherosclerosis calcification

via EAT.

We have previously demonstrated that EAT expresses

genes related with coronary calcification such as osteopon-

tin (OPN), osteonectin (ON), and osteoprotegerin

(OPG),11 thus suggesting that EAT directly participates

on coronary calcification. However, it remains unknown

whether the pro-calcifying factors expressed by EAT are

associated with the amount of calcium deposited in the

coronary arteries. Since the coronary artery calcification

(CAC) score was not determined in that exploratory

study,11 we recruited new groups of patients and controls

in order to look for a potential biological impact of such

mRNA expressions on coronary calcification. We quanti-

fied the CAC score and the EAT volume by tomography,

as well as the gene expression in EAT from patients with

coronary artery disease (CAD), including OPN, ON, OPG,

and bone morphogenetic protein (BMP)-2 and BMP-4.

The latter two are important potential participants in cor-

onary calcification because both proteins are able to induce

the osteogenic differentiation of vascular smooth muscle

cells,12,13 and it has not been demonstrated whether EAT

may express these bone morphogenic factors. Our results

are confirmatory for the expression of OPN, OPG, and ON

expression in EAT, and we found a statistical association

between a determined expression level of OPN and BMP-2

and the presence of calcium in the coronary arteries.

Materials and Methods
Patients
Patients diagnosed with coronary artery disease (CAD)

who were candidates to revascularization surgery were

recruited for this study. We also included patients with

diagnostic of aortic valve stenosis programmed for chir-

urgical aortic valve replacement as a group for compari-

son, named the control group; the main inclusion criterion

was a CAC = 0 for controls. Women and men were

included. The exclusion criteria were renal, thyroid, or

hepatic disease, previous coronary angioplasty, and revas-

cularization surgery.

EAT biopsies were obtained during the chirurgical pro-

cedure from the atrio-interventricular groove and placed

immediately in tubes with RNAlaterTM Stabilization

Solution (Life technologies, Carlsbad, CA, USA) and fro-

zen at −70°C for further analysis.

All participants were recruited at the Instituto Nacional

de Cardiología “Ignacio Chávez”, and the internal

Institutional Committee of Ethics approved the present

study with the registration number 15–914. Participants

who agreed to participate signed a letter of informed consent.

Computed Tomography for CAC Score

and Fat Volume Quantification
Computed tomography of the chest was performed using

a 64-channel multi-detector helical computed tomography

system (Somatom Sensation, Siemens), and images were

interpreted by experienced radiologists. Scans were read to

determine coronary artery calcium (CAC) scores using the

Agatston method and EAT volume quantification by an

automated algorithm previously described.14,15 The CAC

score and EAT volume were determined previous to the

chirurgical procedures.

Laboratory Assessment
Plasma concentrations of total cholesterol, triglycerides,

and glucose were determined by commercially available

enzymatic colorimetric methods (Randox LTD, Crumlin,

UK). The concentrations of magnesium, alkaline phos-

phatase, inorganic phosphorus, and calcium were deter-

mined by automated methods in the hospital central

laboratory.

Lipids associated to HDL (cholesterol, triglycerides,

and phospholipids) were determined after precipitating

apo B-containing lipoproteins by phosphotungstic acid-

Mg2+ method (Wako Chemicals, Richmond, VA, USA).

Low-density lipoprotein (LDL)-cholesterol was estimated

with the formula of Friedewald in patients with triglycer-

ides <300 mg/dL.
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Quantification of mRNA
mRNA from EAT samples was quantified as previously

described with slight modifications.16 Briefly, total RNA

was isolated by using the Ribozol™ Plus RNA

Purification Kit (Ameresco, OH, USA) following the man-

ufacturer’s instructions. The contaminant DNA was

removed from total RNA with RNAse-free DNAse

(Invitrogen, Life Technologies, Carlsbad, CA, USA). The

purity, quantity, and quality of the total RNA was deter-

mined spectrophotometrically using Nanodrop technology

and agarose gels. RNA was reverse transcribed using

SuperScript® VILOTM cDNA Synthesis Kit (Invitrogen,

Life Technologies, Carlsbad, CA, USA) according to the

manufacturer´s protocol.

The gene expression level was performed by real time

polymerase chain reaction (qPCR) using TaqMan Gene

Expression Assays (Invitrogen/Life Technologies, Carlsbad,

CA). The probes used were Hs00959010_m1 (SPP1),

Hs00234160_m1 (SPARC), Hs00900358_m1 (TNFRSF11B),

Hs00154192_m1 (BMP2), Hs01041266_m1 (BMP4), and

Hs0275899_g1 (GAPDH), corresponding to genes that encode

osteopontin, osteonectin, osteoprotegerin, bonemorphogenetic

proteins 2 and 4, and glyceraldehyde-3-phosphate dehydro-

genase, respectively, all specific to humans.GAPDHwas used

as a housekeeping gene, and the quantification of gene expres-

sion was calculated by the standard curve method. Briefly,

serial dilutions of a cDNA pool with a known concentration

(ng/μL) were prepared to generate the respective standard

curve, whose y-axis represents the cycle treasure (Ct), and

the abscissae axis (x) corresponds to the logarithm of the

concentration of cDNA (Q). The relative gene expression

levels were then calculated as follows:

Gene expression ¼ Q target gene
Q control gene

Statistical Analysis
Normally distributed data, determined with a Shapiro–

Wilk test, were expressed as means and standard error

(SE). The non-normally distributed variables were pre-

sented as median and interquartile range and were loga-

rithmically or square root transformed for parametric

analysis. The differences of the antidyslipidemic drugs

consumption, gender, and the presence of diabetes were

analyzed by a χ2 test, and the effect of these variables was

evaluated by a general linear model. Student’s unpaired

t-test or U-Mann Whitney test were used for comparison

between groups. Pearson’s or Spearman correlations were

performed to determine the relationship between variables.

A logistic regression was performed to determine the

variables associated with the presence of a CAC score

>0; the parameters that were statistically different in the

bivariate analysis were included in the logistic model as

independent variables, which were dichotomized for logis-

tic regression on the basis of the median of the whole

individuals. In order to maintain the power of the test

with respect to the number of subjects in the study, we

limited the logistic regression model to four independent

variables. All reported p-values were based on two-sided

tests. p < 0.05 values were considered as significant.

Analyses were performed with the Statistical Package for

the Social Sciences version 21.0 (SPSS, Inc, Chicago,

IL, USA).

Results
Clinical Characteristics of Patients
A total of 43 CAD and 41 aortic valve stenosis (controls)

patients were initially enrolled in the study. Twenty-seven

CAD and 18 controls were excluded because of complica-

tions during the chirurgical procedure that impede obtain-

ing the biopsy or had physical limitations for the

tomography. Therefore, 16 CAD patients and 23 controls

were finally reported in this study; these subgroups were

representative of the initial populations, as shown in

Supplementary Table 1.

The anthropometric and clinical characteristics of

patients are shown in Table 1. The number of women

and the uric acid plasma levels in the control group were

higher than in the CAD group, whilst the use of statins and

systolic blood pressure was higher in the CAD patients

compared with the control subjects.

The plasma concentrations of calcium, phosphorus, and

magnesium as well as alkaline phosphatase (analytes

usually associated with the calcification of the athero-

sclerotic plaque) were similar in the control and CAD

groups (Table 1). Regarding the CAC score, this value

was 0 for the control group because of inclusion criterion,

whereas the median was 364.25 Agatston units (AU) for

the CAD group (Table 1). The EAT volume was not

statistically different between groups.

Gene Expression in Epicardial Adipose

Tissue
The gene expression of OPN and BMP-2 was 70 and 52%

higher in the EAT from CAD patients than that in controls,
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respectively, whereas the expression of OPG, ON, and

BMP-4 was similar in both groups (Figure 1).

Correlation Analyses
We found a positive correlation between the CAC score

and age in the CAD group (Spearman correlation, r = 0.54,

p = 0.031). Interestingly, we found a positive correlation of

the EAT volume with OPG expression and with the BMI

(Figure 2A and B, respectively). The two extreme values

of OPG were omitted for the correlation analysis between

EAT volume and OPG (Figure 2A); the correlation in with

whole patients remains significant and is shown in

Supplementary Figure S1. However, we did not find any

correlation either between OPG and BMI (Figure 2C) or

gene expression and CAC score (Supplementary Table 2).

To determine if the CAC could be explained by the

variables that were significantly different between groups,

we performed a logistic regression analysis. We excluded

SBP and uric acid because 1) both variables suggest

a systemic effect, not a local one, as we have proposed,

and 2) when we performed logistic regression analysis

introducing age, gender, SBP and uric acid as independent

variables, none of these parameters were retained as pre-

dictive parameters of a CAC >0 (data not shown). As

a consequence, we introduced age, gender, BMP-2, and

OPN as independent variables. This analysis showed that

the values of gene expression of OPN and BMP-2 above

the median of the studied group increased the odds ratio of

coronary calcification between 6 and 8 times (CAC

score > 0, Table 2).

Discussion
In this study, we demonstrated the gene expression of

BMP-2 in EAT from patients with CAD, and the statistical

association of the expression of this gene with the pre-

sence of a CAC score >0. Among the initially enrolled

patients, only a subgroup of 16 CAD and 23 control

individuals were reported; despite the apparent low num-

ber of patients, subgroups were representative of the whole

group (n=43 CAD, and n=41 non-CAD subjects), since we

did not find any difference between former and the latter.

Therefore, our data could be considered as valid and

describe the general characteristics of EAT concerning

the gene expression of the calcifying factors.

We had previously demonstrated that EAT expressed

the mRNA of OPN, ON, and OPG,11 three genes whose

protein products have been found in the atherosclerotic

lesions. On the basis of these evidences, the search of

a correlation between the CAC score and the gene

expression in EAT became imperative. For this purpose,

in this study, we constituted two groups integrated with

newly recruited CAD patients and controls, indepen-

dently of our previous report, in order to determine the

CAC score and the EAT volume. Moreover, besides

OPN, ON, and OPG, we determined the gene expression

of BMP-2 and BMP-4 in the EAT biopsies of both

groups, since the corresponding proteins have also been

found in calcified plaques.12 Therefore, this study

allowed us to determine the possible association between

the gene expression of pro-calcifying factors with both

the CAC score and EAT volume. Though the mechan-

isms of calcification of the atheroma are not well under-

stood, the genes in this study were selected because the

presence of OPN, ON, OPG, BMP-2, and BMP-4 has

been usually reported in human calcified atherosclerotic

plaques.2,17-19

Table 1 Anthropometric Characteristics, Biochemical Data, and

Pharmacological Treatment of the Included Subjects

Control

(n = 23)

CAD (n = 16)

Age 54.96 ± 2.92 63.56 ± 1.67*

Gender (W/M) 6/17 0/16*

BMI (kg/m2) 26.00 ± 0.64 26.19 ± 0.77

EAT volume (mL) 105.68 ± 14.24 142.38 ± 18.04

CAC score (AU) 0.00 364.25 (119.40–1380.10)*

DM2, n (%) 4 (17%) 6 (38%)

Statin use, n (%) 8 (35%) 14 (88%)*

Fibrate, n (%) 0 (0%) 1 (6%)

SBP (mmHg) 118.78 ± 2.76 129.00 ± 4.51*

DBP (mmHg) 72.09 ± 2.28 77.13 ± 3.11

Magnesium (mg/dL) 2.05 ± 0.04 2.12 ± 0.05

Calcium (mg/dL) 9.20 ± 0.11 9.20 ± 0.12

Phosphorous (mg/dL) 3.81 ± 0.14 3.86 ± 0.18

Alkaline phosphatase (UL) 87.17 ± 6.16 85.68 ± 5.87

Uric acid (mg/dL) 7.49 ± 0.29 6.34 ± 0.42*

Creatinine (mg/dL) 0.95 ± 0.05 1.01 ± 0.04

Glucose (mg/dL) 93.64 ± 5.77 89.96 ± 4.20

Total cholesterol (mg/dL) 130.04 ± 7.77 118.66 ± 5.25

Triglycerides (mg/dL) 103.98 ± 7.07 122.87 ± 8.60

LDL-cholesterol (mg/dL) 79.75 ± 6.80 64.52 ± 5.01

HDL-cholesterol (mg/dL) 29.49 ± 1.42 29.58 ± 2.00

HDL-triglycerides (mg/dL) 24.06 ± 2.63 23.36 ± 3.05

HDL-phospholipids (mg/dL) 60.88 ± 3.15 64.78 ± 3.90

Notes: Data are shown as mean ± standard error (SE), as number of subjects

(percentage), or as median (interquartile range). *Student’s t, χ2 test or U-Mann

Whitney test, p < 0.05.

Abbreviations: CAD, coronary artery disease; W, women; M, men; BMI, body

mass index; DM2, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP,

diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipopro-

tein; EAT, epicardial adipose tissue; CAC, coronary artery calcium; AU, Agatston

units.
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Our results confirmed that the EAT expresses OPN,

ON, and OPG. We further demonstrated that the EAT

also expressed both BMP-2 and BMP-4 mRNAs; the

expression of both genes was higher in the EAT from

CAD patients compared with controls, yet the difference

for BMP-4 did not reach statistical significance. In vitro

studies have demonstrated the ability of both BMPs to

induce the trans-differentiation of vascular smooth muscle

cells (VSMCs) into osteoblastic lineage.13,20,21 These evi-

dences support the idea that EAT could act in a paracrine

manner on the VSMC secreting pro-calcifying BMPs, thus

contributing to the osteoblastic differentiation in coronary

arteries and calcification of the atheroma.13,20,21 This pos-

sibility agrees with the fact that atherosclerotic plaques are

usually adjacent to EAT.4,11,22 Besides the traditional pro-

inflammatory adipokines,23,24 EAT seems to be an impor-

tant source of the main pro-calcifying proteins in the

atheroma.4,11 It should be emphasized that EAT is
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Figure 1 mRNA expression of genes related with calcification of atherosclerotic plaque. Data are shown as media ± SE. *Student´s t-test, p < 0.05.

Abbreviations: OPN, osteopontin; ON, osteonectin; OPG, osteoprotegerin; BMP, bone morphogenetic protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 2 Correlations between (A) EAT volume and OPG (n = 37), (B) EAT volume and BMI (n = 39), and (C) OPG and BMI (n = 39). The two extreme values of OPG were

omitted for the correlation analysis in panel A; the correlation in with the 39 patients remains significant and is shown in supplementary figure S1.

Abbreviations: EAT, epicardial adipose tissue; OPG, osteoprotegerin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; BMI, body mass index.

Table 2 Association of CAC > 0 with the Expression of Genes

Related to Tissue Calcium Deposit

B P Exp (B) CI

OPN 2.079 0.023 7.993 1.337–47.800

BMP-2 1.819 0.044 6.167 1.050–36.210

Constant −2.328 0.013 0.097

Notes: The variables introduced in the model were gender and age, unmodifiable

characteristics in the subjects, and OPN and BMP-2, parameters with a local effect on

the atherosclerotic plaque. The effect of OPN and BMP-2 on CAC > 0 was independent

of age and gender since these variables were excluded from the statistical model.

Abbreviations: CAC, coronary artery calcium; OPN, osteopontin; BMP-2, bone
morphogenetic protein-2; CI, confidence interval; SBP, systolic blood pressure.
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constituted of several cell types indeed, including adipo-

cytes and stromal cells (endothelial progenitors, fibro-

blasts, lymphocytes, macrophages, pericytes, and stromal

stem cells, among others), and it remains unknown as to

which one is the main source of BMP-2 and BMP-4. There

are some evidences suggesting that mature adipocytes,

differentiated preadipocytes, and stromal vascular fraction

from subcutaneous and omental adipose tissue express

both BMP-2 and BMP-4.25–27 BMP4 transcript levels

were high in mature adipocytes and correlated positively

with the cell size.26 Importantly, those studies were per-

formed with cell obtained from subcutaneous adipose tis-

sue. Therefore, the adipocytes are the most likely source of

expression and secretion of BMP-2 and BMP-4, but it

cannot be discarded that other minor cell types, such as

macrophages and endothelial cells, may also contribute

with the expression of these proteins.

The role of ON in atheroma is still controversial;28,29

the present study supports the notion that ON is not

involved in the coronary calcification process, since the

EAT from both groups expressed similar levels of ON.

These data agree with previous results from our research

group.11 Therefore, it is likely that ON is expressed by

some tissues, including EAT, but its expression may not be

directly implicated in the coronary calcification process.

The expression of OPN in the EAT from CAD patients

was significantly higher compared with the controls, sup-

porting the previous findings from our group.11 Some

authors have attributed an anti-calcifying role to OPN;

however, it should be highlighted that the OPN is a very

versatile protein due to a variety of post-translational

modifications,4,30 and the phosphorylated form of OPN is

able to inhibit the calcification process.30–32 Hence, further

studies are needed to determine the isoforms of OPN

specifically secreted by EAT in order to establish whether

this tissue participates in calcium deposits in the arteries or

counterbalances such a process.

Despite a similar OPG expression in controls and CAD

patients, the OPG gene expression correlated positively

with EAT volume. Recently, Sovová et al found a similar

correlation in patients with ischemic heart disease.33 In

addition, in our patients, the EAT volume correlated with

the BMI. Considering that the secretory pattern of adipo-

kines changes when the size of the adipocyte increases,4,34

the correlation between EAT volume and OPG gene expres-

sion suggests that the secretion of this protein depends on

the size of the epicardial adipocytes; it is likely that the

higher the EAT volume is, the larger the adipocytes and the

greater the OPG expression. The role of OPG in the ather-

osclerotic process is still controversial; even if some studies

have associated the elevated plasma levels of OPG with

high cardiovascular risk,35,36 OPG-/- ApoE-/- double KO

mice developed vascular calcification.37 Therefore, this pro-

tein seems to participate as a regulator of the vascular

calcification process and the relationship between OPG

gene expression, and EAT volume found in the present

study may have an impact on cardiovascular risk stratifica-

tion that merits exploration. On the other hand, it has been

described that both BMP-2 and BMP-4 are able to stimulate

the production of OPG in osteoblasts.38 We speculate, there-

fore, that EAT expresses higher quantities of OPG in CAD

patients as a consequence of upregulation of the gene

mediated by BMPs. The enhanced gene expression of

OPG, in turn, could be intended to counterbalance the pro-

calcifying effects of BMPs.

Despite the positive correlation between the CAC score

and age, we did not observe any correlation between the

gene expression and CAC score as was expected.

Therefore, we postulated that, over a certain threshold of

gene expression, calcification is favored. To test this idea,

we dichotomized the independent variables based on the

value of the median of the group, which guarantees the

same number of subjects in each group. We then per-

formed a binary logistic regression to determine which

main variables are associated with the presence of

a CAC score >0. The variables introduced in the model

were gender and age, which are the subjects’ unmodifiable

characteristics, and OPN and BMP-2, which have a local

effect on the atherosclerotic plaque. We limited the num-

ber of variables that could be included in the model. This

analysis revealed that both gene expression values of OPN

and BMP-2 above the median of the group had an associa-

tion with the presence of a CAC score >0, and this rela-

tionship was independent of gender and age. These results

are consistent with the presence of both proteins in the

calcified atherosclerotic plaque.12,17,39 However, the con-

fidence intervals are wide because of the small number of

patients finally enrolled in the study. We recognize that in

this transversal study, the time of evolution of the calcifi-

cation process is a parameter that could not be controlled.

Moreover, this results only suggest a causal relationship

between EAT and coronary calcification, but the subjacent

mechanisms remain unexplored. Therefore, long-term fol-

low-up and mechanistic studies are needed for this

purpose.
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We clearly demonstrated that EAT expressed the

mRNA of genes that encode for pro-calcifying proteins.

As a consequence, EAT may contribute to atheroma calci-

fication via OPN and BMPs; however, it should be empha-

sized that other tissues may be involved in this process,

since other cell types, including vascular endothelial cells

and VSCMs express the same genes.40,41 Moreover, we

recognize as a limitation of this study that the low number

of studied patients may also have contributed to the lack of

some of the expected correlations.

Despite the small number of subjects, we demonstrated

that EAT volume has a positive correlation with BMI, con-

firming the association observed in previous studies.42,43 For

a long time, the research has been focused on the role of

abdominal visceral adipose tissue in cardiovascular dis-

eases. However, due to contiguity with coronary arteries,

the EAT could be decisive in the onset, progression, and

calcification of atherosclerotic plaque.4 In this way, it has

been proposed that each deposit of adipose tissue could act

as a mini-organ and have a regulation and effect very

different in adjacent tissues. Moreover, a common feature

of the different deposits of adipose tissue is that their size

increases almost simultaneously by the effect of the same

stimuli. In this context, the BMI is a marker of EAT size,

suggesting that the epicardial adipose tissue volume

increases simultaneously with that of the other adipose

tissue deposits. However, adipose tissues fulfill different

roles in function with their anatomical localization, as sug-

gested by the correlation of OPG with EAT volume, but not

with BMI. These results agree with the idea that EAT con-

trols the micro-environment of the adjacent arteries leading,

for example, to the coronary calcification. Therefore, EAT

may be a potential therapeutic target in cardiovascular dis-

ease, and it is necessary to determine the size and the

adiposopathy grade of EAT as a risk factor of CAD.42 In

addition, it should be considered that the anatomical loca-

tion of EAT is related with its secretor pattern.44 This

suggests that not only the EAT per se, but also its anatomical

localization is crucial in the artery calcification. Currently, it

is unknown if the anatomical area is associated with the

EAT volume and with the calcification grade in the ather-

oma. In this context, we recognize that our study was not

designed to obtain the biopsy from the region that had the

highest levels of calcification.

Finally, in this study we did not consider to quantify

the protein expression because previous reports have

demonstrated that these proteins are secreted.12 As

a consequence, the quantitation of the proteins within

the adipose tissue is not representative of the amount of

the secreted and accumulated proteins within the athero-

sclerotic lesion. Whether the mRNA correlates with the

amount of translated proteins, should be explored in

future studies.

Conclusions
In conclusion, we demonstrated that EAT expressed BMP-

2 and BMP-4, two genes related with the calcification of

the atherosclerotic plaque. Moreover, the EAT from

patients with CAD expressed higher levels of BMP-2 and

OPN compared with control subjects. Finally, we observed

that BMP-2 and OPN expression values above the median

of the group were statistically associated with a CAC score

>0. This observation suggests a causal relationship

between BMP-2 and OPN with coronary calcification

that should be verified in prospective studies.
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