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Abstract: Subclinical atherosclerosis (SA) is the presence of coronary calcification in the absence of cardio-
vascular symptoms, and it usually progresses to atherosclerotic disease. Studies have shown an association
of osteoprotegerin gene (OPG) variants with calcification process in cardiovascular diseases; however, to
this day there are no studies that evaluate individuals in the asymptomatic stage of atherosclerotic disease.
Therefore, the purpose of this study was to analyze the association of four genetic variants and haplotypes
of the OPG gene with the development of SA, through TaqMan genotyping assays. We also aimed to
identify potential response elements for transcription factors in these genetic variants. The study included
1413 asymptomatic participants (1041 were controls and 372 were individuals with SA). The rs3102735
polymorphism appeared as a protective marker (OR = 0.693; 95% CI = 0.493–0.974; pheterozygote = 0.035;
OR = 0.699; 95% CI = 0.496–0.985; pcodominant 1 = 0.040) and two haplotypes were associated with SA, one
as a decreased risk: GACC (OR = 0.641, 95% CI = 0.414–0.990, p = 0.045) and another as an increased risk:
GACT (OR = 1.208, 95% CI = 1.020–1.431, p = 0.029). Our data suggest a lower risk of SA in rs3102735 C
carriers in a representative sample of Mexican mestizo population.

Keywords: osteoprotegerin; subclinical atherosclerosis; genetic susceptibility; single nucleotide
polymorphism; calcification

1. Introduction

Subclinical atherosclerosis (SA) is defined as the presence of coronary calcification,
in the absence of cardiovascular symptoms [1]. This process develops silently over the
years and usually advances to a high degree when clinical symptoms appear, such as an
acute coronary event. Currently, coronary artery calcification (CAC) is considered an early
marker of coronary artery disease (CAD) [1,2] and the use of CAC score is one of the main
approaches for a primary detection of SA in apparently healthy individuals [3,4]. Moreover,
it has been reported that the calcification of coronary arteries represents a risk factor for
adverse cardiovascular events [5].

The development of atherosclerotic plaques and the presence of coronary calcification
is determined by a complex and still unclear interaction between traditional risk factors
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and genetic components [6]. The genetic approach in cardiovascular diseases has revealed
polymorphisms with functional repercussions on the encoded proteins that have been asso-
ciated with vascular diseases. Among these proteins, osteoprotegerin (OPG) is considered a
main contributor of the vascular calcification processes [7]. The human OPG gene is located
at locus 8q24.12, it contains five exons [8] and encodes for a 401-amino acid glycoprotein
with a molecular weight of 60 kDa. OPG belongs to the tumor necrosis factor superfamily
and contains seven domains implicated in its biological activities [7,9,10]. OPG is produced
in vascular smooth muscle cells and vascular endothelial cells, among others [9,10]; it has
been proposed as regulator of vascular diseases, vascular calcification and bone matrix
homeostasis [11,12].

Different studies have shown an increased expression of OPG in carotid atheroscle-
rotic lesions [13], as well as in epicardial adipose tissue of patients with coronary artery
disease [14]. Moreover, elevated levels of OPG in serum have been associated with subclin-
ical and vascular diseases [10,15–18]. To-date, few studies have investigated the genetic
association of OPG gene and the presence of SA; furthermore, the results have been para-
doxical [19,20]. Thus, the aim of the present study was to investigate whether the genetic
variants rs2073618 (G1181C), rs3134069 (C209T), rs3134070 (T245G), rs3102735 (A163G)
and haplotypes of OPG gene are associated with the risk of developing SA. Also, we
performed an in silico analysis in order to identify the potential functional effects of these
genetic variants.

2. Materials and Methods
2.1. Study Population

This research is a cross-sectional study performed during the baseline evaluation of
individuals recruited for the Genetics of Atherosclerotic Disease study (Spanish acronym
GEA). The GEA study was designed at the Instituto Nacional de Cardiología Ignacio
Chávez (INCICh) to determine the genetic bases of CAD and to evaluate its association
with conventional and emerging cardiovascular risk factors [21].

The study population included a total of 1413 unrelated, clinically healthy, asymp-
tomatic participants, with no personal or family history of CAD. These participants were
blood donors attending the blood bank of the INCICh or recruited by open invitations
in different social services centers from 2008 to 2013, in Mexico City. The participants
were characterized by biochemical determinations, medical history, demographics, an-
thropometry and nutritional information collected through standardized and validated
questionnaires [21–24]. For this study, the exclusion criteria were: the presence of heart or
renal failure, thyroid disorders, and liver and oncological diseases.

The participants underwent a chest and abdomen axial tomography using a 64-channel
multi-detector helical computed tomography (CT) system (Somaton Sensation Siemens,
Forcheim, Germany). After assessment of CT, CAC score was determined by the Agatston
method [25]; a CAC score > 0 in the absence of coronary symptoms was defined as SA.
Then, 372 individuals were identified with SA, whereas 1041 individuals with a CAC = 0
formed the control group.

The present study is in compliance with the Helsinki Declaration and was approved
by the Ethics and Research Committees of the INCICh (Register number 18-1071). All
enrolled participants provided a written informed consent.

2.2. Single Nucleotide Polymorphism (SNPs) Selection and Genotyping

Genomic DNA was extracted from peripheral blood using standard methods (DNA
Blood Mini kit, QIAGEN, Hilden, Germany). All polymorphisms were genotyped using
specific TaqMan assays on a Prism 7900HT Fast Real-Time PCR system following the
supplier’s instructions (ThermoFisher Scientific, Foster City, CA, USA).

The polymorphic sites were selected by a prior review of the NCBI data base, and in-
cluded polymorphisms with a minor allele frequency (MAF) >5%, previously demonstrated
to be associated with cardiovascular diseases and with vascular calcification.
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2.3. Bioinformatics Analysis of Prediction of Transcription Factor Bindings Sites

To identify potential response elements for transcription factors as a consequence
of polymorphisms in the OPG gene promoter, the in silico analysis was performed with
the bioinformatics software tools PROMO version 3.0.2, website (http://alggen.lsi.upc.
es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3 (accessed on 12 March 2022)).
This analysis was performed on flanking sequences of 25 bases upstream and 25 bases
downstream for the two alleles of each polymorphism, with a dissimilarity margin less
than or equal to 15% [26]. Also, SNPinfo website (https://snpinfo.niehs.nih.gov/snpinfo/
snpfunc.html (accessed on 12 March 2022)) was employed and the analysis of SNPrsID cor-
responding to each polymorphism included the allele frequency data from all populations
reported in HapMap and dbSNP [27].

2.4. Statistical Analysis

According to the data distribution, the continuous variables were expressed as
mean ± standard deviation (SD) or median (interquartile range); the categorical vari-
ables were described as percentages. Either Student’s t-test or a Mann–Whitney U test
was performed for the two-group comparisons of continuous variables whereas for the
categorical variables the Pearson’s chi-squared test was used. In both study groups, the
allele and genotype frequencies were obtained by direct count and the Hardy−Weinberg
equilibrium was tested in the four polymorphisms. A logistic regression analysis was
applied to determine the association of polymorphisms with subclinical atherosclerosis,
under different inheritance models, adjusted by cardiovascular risk confounding variables.
The construction and analysis of haplotypes were performed with the Haploview software
v4.1 (Broad Institute of Massachusetts [MIT], Cambridge, MA, USA). Statistical analyses
were performed using SPSS v20.0 (SPSS Inc., Chicago, IL, USA). A statistically significant
value was established as p < 0.05.

3. Results
3.1. Characteristics of the Studied Groups

Clinical and metabolic characteristics as well as cardiovascular risk factors of the
studied population are shown in Table 1. Statistically significant differences in individ-
uals with SA were observed, when compared to the control group in terms of age, sex
(males), body mass index, waist circumference, LDL-cholesterol, triglyceride and glucose
levels (p < 0.05). Concerning cardiovascular risk factors, individuals with SA had higher
frequencies of subcutaneous abdominal fat, LDL-cholesterol ≥ 130 mg/dL, and non-HDL
cholesterol >160 mg/dL when compared to the control group (p < 0.05).

Table 1. Characteristics of studied groups.

Metabolic and Clinical Characteristics * Subclinical Atherosclerosis
(n = 372)

Controls
(n = 1041) p

Age (years) 59 ± 8 51 ± 9 <0.0001
Gender (% male) 75.5 42.3 <0.0001

BMI (kg/m2) 28.2 [26.0–31.0] 27.8 [25.4–30.9] <0.0001
Waist circumference 98 ± 11 94 ± 11 0.022

Triglycerides (mg/dL) 161 [120–221] 145 [107–202] 0.025
Glucose (mg/dL) 94 [86–105] 90 [84–97] <0.0001

Alanine transaminase (IU/L) 24 [18–32] 24 [18–34] 0.391
Aspartate transaminase (IU/L) 25 [21–30] 25 [20–30] 0.596

Apolipoprotein AI (mg/dL) 133 [114–156] 134 [114–156] 0.804
Alkaline phosphatase (IU/L) 77 [64–92] 81 [68–96] 0.006

Serum calcium (mg/dL) 9.7 ± 0.5 9.7 ± 0.6 0.907
Serum phosphorus (mg/dL) 3.4 ± 0.5 3.5 ± 0.5 0.003

http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html
https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html
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Table 1. Cont.

Metabolic and Clinical Characteristics * Subclinical Atherosclerosis
(n = 372)

Controls
(n = 1041) p

Cardiovascular risk factors

Obesity (%) 32.8 30.5 0.434
Smoking habits (%) 21.5 22.9 0.613

Subcutaneous abdominal fat (%) 58.6 48.7 0.001
Hypoalphalipoproteinemia (%) 45.2 52.2 0.022

Non-HDL cholesterol > 160 mg/dL (%) 42.5 27.6 <0.0001
LDL-cholesterol ≥ 130 mg/dL (%) 44.9 28.8 <0.0001

Data are shown as mean ± standard deviation, median [interquartile range] or percentage. LDL = low-density
lipoprotein, HDL = high-density lipoprotein. * Student’s t-test, Mann−Whitney U or Chi-squared.

3.2. Association of OPG Gene Polymorphisms with Subclinical Atherosclerosis

Figure 1 describes the location of the evaluated polymorphisms. The sequence studied
and MAF corresponding to each polymorphism are described in Table 2.

Diagnostics 2022, 12, x FOR PEER REVIEW 4 of 10 
 

 

Glucose (mg/dL) 94 [86–105] 90 [84–97] <0.0001 
Alanine transaminase (IU/L) 24 [18–32] 24 [18–34] 0.391 

Aspartate transaminase (IU/L) 25 [21–30] 25 [20–30] 0.596 
Apolipoprotein AI (mg/dL) 133 [114–156] 134 [114–156] 0.804 
Alkaline phosphatase (IU/L) 77 [64–92] 81 [68–96] 0.006 

Serum calcium (mg/dL) 9.7 ± 0.5 9.7 ± 0.6 0.907 
Serum phosphorus (mg/dL) 3.4 ± 0.5 3.5 ± 0.5 0.003 
Cardiovascular risk factors    

Obesity (%) 32.8 30.5 0.434 
Smoking habits (%) 21.5 22.9 0.613 

Subcutaneous abdominal fat (%) 58.6 48.7 0.001 
Hypoalphalipoproteinemia (%) 45.2 52.2 0.022 

Non-HDL cholesterol > 160 mg/dL (%) 42.5 27.6 <0.0001 
LDL-cholesterol ≥ 130 mg/dL (%) 44.9 28.8 <0.0001 

Data are shown as mean ± standard deviation, median [interquartile range] or percentage. LDL = 
low-density lipoprotein, HDL = high-density lipoprotein. *Student’s t-test, Mann−Whitney U or Chi-
squared. 

3.2. Association of OPG Gene Polymorphisms with Subclinical Atherosclerosis 
Figure 1 describes the location of the evaluated polymorphisms. The sequence stud-

ied and MAF corresponding to each polymorphism are described in Table 2. 

 
Figure 1. Location in the OPG gene sequence of selected polymorphisms. The position is with re-
spect to the transcription start site (TSS). 

Table 2. Description of analyzed sequence of polymorphisms studied. 

SNPrsID ID Assay MAF  Analyzed Sequence 

rs3102735 C___1971046_10 16%  CTCTAGGGTTCGCTGTCTCCCCCAT[C/T]AAT
TCCTGGTCTAGAAGTTAGACT 

rs3134070 C__27466052_20 33% 
TCCGCCCCAGCCCTGAAA-

GCGTTAA[C/T]CCTGGAGCTTTCTG-
CACACCCCCCG 

rs3134069 C__27464534_20 10% 
TTCCTACGCGCTGAACTTCTG-

GAGT[A/C]GCCTCCTCGAGGTCTTTCCAC-
TAGC 

rs2073618 C___1971047_40 33% 
GGTTTCCGGGGAC-

CACAATGAACAA[C/G]TTGCTGTGCTGCGCG
CTCGTGGTAA 

The expected and observed frequencies of the four polymorphisms in the whole sam-
ple of this study were in Hardy-Weinberg equilibrium. The genotype distributions are 

Figure 1. Location in the OPG gene sequence of selected polymorphisms. The position is with respect
to the transcription start site (TSS).

Table 2. Description of analyzed sequence of polymorphisms studied.

SNPrsID ID Assay MAF Analyzed Sequence

rs3102735 C___1971046_10 16% CTCTAGGGTTCGCTGTCTCCCCCAT[C/T]AATTCCTGGTCTAGAAGTTAGACT

rs3134070 C__27466052_20 33% TCCGCCCCAGCCCTGAAAGCGTTAA[C/T]CCTGGAGCTTTCTGCACACCCCCCG

rs3134069 C__27464534_20 10% TTCCTACGCGCTGAACTTCTGGAGT[A/C]GCCTCCTCGAGGTCTTTCCACTAGC

rs2073618 C___1971047_40 33% GGTTTCCGGGGACCACAATGAACAA[C/G]TTGCTGTGCTGCGCGCTCGTGGTAA

The expected and observed frequencies of the four polymorphisms in the whole sam-
ple of this study were in Hardy-Weinberg equilibrium. The genotype distributions are de-
scribed in Figure 2. A different distribution of the OPG polymorphism rs3102735 was ob-
served in individuals with SA when compared to the control group. Individuals with SA
showed decreased frequencies of the C allele rs3102735 when compared to controls (OR = 0.693;
95% CI = 0.493–0.974; pheterozygote = 0.035; OR = 0.699; 95% CI = 0.496–0.985; pcodominant 1 = 0.040).
Conversely, similar distributions of the OPG polymorphisms rs3134070, rs3134069 and rs2073618
were found in individuals with SA and controls. These analyses were adjusted by age, sex, body
mass index, diabetes mellitus, subcutaneous abdominal fat, smoking habits, concentrations of
apolipoprotein AI, LDL-cholesterol, calcium and phosphorus serum concentrations, as well as
alkaline phosphatase, alanine transaminase and aspartate transaminase activities.
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Figure 2. Association analysis of OPG gene polymorphisms with SA. The models shown were ad-
justed by sex, age, BMI, smoking habits, diabetes mellitus, LDL-cholesterol, subcutaneous abdominal
fat, alkaline phosphatase, alanine transaminase and aspartate transaminase activities, apolipoprotein
AI concentrations and phosphorus and calcium serum concentration. SA, subclinical atherosclerosis;
MAF, minor allele frequency; OR, odds ratio; CI, confidence interval.

3.3. Haplotype Association Analysis of OPG Gene Polymorphisms

Two haplotypes (GACT and GACC) had different frequencies between groups (Figure 3);
individuals with SA showed an increased frequency of the GACT haplotype when compared
to the control group (OR = 1.208, 95% CI = 1.020–1.431, p = 0.029). While the GACC haplotype
showed a decreased frequency in individuals with SA when compared to the control group
(OR = 0.641, 95% CI = 0.414–0.990, p = 0.045).
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3.4. In Silico Analysis of Transcription Factor Binding Sites to OPG Polymorphisms

The in silico analysis of response elements of transcription factors showed that
rs3102735 modifies a DNA binding site; the substitution of cytosine for thymine causes
the loss of the specific binding site for the enhancer-binding protein β (C/EBP-β) and the
enhancer-binding protein α (C/EBP-α) factors.
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3.5. Analysis of CAC Score between C Allele Carriers and Non-C Carriers

To explore whether the C allele of the rs3102735 polymorphism had any impact on
coronary calcification, we compared the CAC score of patients with SA, grouped as C
carriers and non-C carriers; this analysis showed a higher CAC score in non-C carriers
than in C carriers, but this difference did not reach statistical significance (CAC = 34.30
[6.35–86.85], CAC = 24.60 [4.30–93.50], p > 0.05, respectively).

4. Discussion

In the present study, we assessed four polymorphisms of the OPG gene in Mexican
individuals, in order to explore their possible association with SA. In only one polymor-
phism (rs3102735) a dissimilar distribution was observed in individuals with SA when
compared to the control group. Currently, there are only a few studies involving the role of
OPG gene polymorphisms with the presence of SA. Our data concerning the frequency of
the rs3102735 polymorphism suggest a potential usefulness as a genetic marker of SA.

Nevertheless, the participation of rs3102735 as a susceptibility marker is still under
debate. Even if this polymorphism has been shown to be associated with the incidence of
diseases other than cardiovascular diseases [8,28,29], a lack of association with the incidence
of symptomatic CAD [30] or large artery atherosclerosis stroke [28] has been reported. The
topography of atherosclerotic lesions as well as the stage of the disease may be at the basis
of these discrepancies.

Similarly, the analysis of OPG polymorphisms performed by Soufi et al. and Rhee
et al., included rs3134069 and rs3102735 polymorphisms, and did not demonstrate any
association with CAD in Caucasian and Korean populations, respectively [29,31]. Dis-
crepancies concerning the association between OPG polymorphisms and cardiovascular
diseases may be related to several circumstances, such as the number of patients included
in every study and the technique used for genotyping and the number of SNPs evaluated.
(a) We determined four SNPs and we used CT to evaluate the CAC score, whereas the
report by Alkady et al. [32] was based in the intima–media thickness by echography as
a subrogate of atherosclerosis and they only analyzed one polymorphism. Considering
that OPG is involved in the calcification process in tissues, the lack of association in the
study by Alkady et al. [32] is not surprising, whereas we defined SA by the presence of
coronary calcification. (b) The report by Soufi et al. included just 468 male patients with
and without CAD, as compared to the 1413 participants in our study. In addition, some
genetic determinations were made by RFLP, whereas we used TaqMan genotyping assays
in our study. (c) The study by Rhee et al. also included a small number of patients in
comparison to our report. (d) There is a potential ethnic contribution to take into account,
since all these studies were performed in populations whose genetic backgrounds differ
from that of the Mexican mestizo population [33–36].

Furthermore, the known physiological role of OPG allows an acceptable interpretation
of the contribution of the protein to SA [37]. During atherosclerosis progression, OPG
expression decreases in blood vessels concomitantly with the increase in the receptor
activator of NF-κB (RANK) ligand (RANKL) [38]. The interaction of RANKL and RANK
activates the NF-κB pathway with the consequent transcription of pro-calcifying genes in
VSMC, such as bone morphogenetic protein-4 [37]. OPG is a decoy receptor that binds to
RANKL, thus preventing the interaction between RANK and RANKL [39], thus inhibiting
the osteogenic differentiation of VSMC. Consequently, it is likely that OPG plays an anti-
calcifying role that is consistent with increased levels of OPG during certain stages of the
coronary heart disease, where OPG may be over-expressed to compensate for the deposition
of calcium in the subendothelial space [14,37]. This idea is supported by the high serum
levels of OPG in several vascular diseases and carotid intima–media thickness observed
in patients with pathologies related to cardiovascular risk factors [40–43]. To gain more
insight about the possible impact of the rs3102735 polymorphism, we performed an in
silico analysis to establish whether there is a response element that could be affected by the
substitution of T for C in the promoter sequence of the OPG gene. This approach suggests
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that the presence of the C allele, corresponding to MAF of the rs3102735, introduces a
C/EBP response element that may enhance the expression of the OPG gene. C/EBPs are a
group of transcription factors that belong to a superfamily formed by CREB, AP-1 and ATF
that fulfill functions such as immune response and energy metabolism [44]. Therefore, the
presence of the C allele of the rs3102735 may have a functional role in the expression of the
OPG gene.

To further explore the potential impact of this polymorphism on coronary calcification,
we compared patients with SA who were C carries to patients with SA who were non-C
carriers. Even if the CAC score tended to higher values in non-C carriers, the difference did
not reach statistical significance.

Furthermore, it is important to consider some limitations in our study: (a) our results
provide a genetic approach to the potential contribution of osteoprotegerin but we did not
establish whether the polymorphisms determine the protein expression; (b) age and gender
are commonly associated with osteoprotegerin plasma levels, and our data cannot discard
a potential interaction between OPG polymorphisms and these two characteristics; (c) addi-
tional studies are necessary to validate our findings with different ethnicities; (d) functional
studies are required to clarify the role of OPG polymorphisms in the subclinical manifesta-
tion of atherosclerosis.

We recognize that our study was unpowered for subgroup comparisons; therefore, a
large population study may be necessary to explore the potential influence of the C allele
on CAC score. Moreover, the possibility that a neighboring gene co-segregates with the
OPG gene, influencing the protective role described in this study, should not be discarded.

Concerning the haplotype analysis, the GACT haplotype was associated with an
increased risk of having SA, whereas the GACC haplotype was associated with a decreased
risk of presenting with subclinical disease. As expected, the main difference between the
haplotype of protection and that of risk was the C allele of the rs3102735polymorphism.
Considering that our data represent the first evidence in SA, additional studies are needed
to validate the functional role of this genetic variant and its possible clinical impact in the
progression of atherosclerosis in asymptomatic individuals. This study contributes to the
knowledge in the field of molecular cardiology with the clinical interest of developing
future panels of genetic markers of ischemic disease, in asymptomatic individuals, for use
in preventing its progression.

5. Conclusions

Our data showed a lower genetic risk of SA in C allele carries of OPG (rs3102735)
polymorphism. In our research, it was possible to distinguish one haplotype of risk and
another haplotype of protection against SA. These results represent a first OPG genetic
evidence in the field. However, additional studies that evaluate different populations are
necessary to establish if these genetic markers are useful for a more accurate early screening
of individuals at risk of asymptomatic atherosclerosis.
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