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Introduction: Apical periodontitis (AP) is a common oral disease caused by the
inflammatory destruction of the periapical tissues due to the infection of the root canal
system of the tooth. It also contributes to systemic bacterial translocation, where
peripheric mononuclear blood cells (PBMCs) can act as carriers. Toll-like receptor (TLR)
2 mediates the response to infection and activates inflammatory responses. DNA
methylation can be induced by bacteria and contributes to the modulation of this
response. Despite the evidence that supports the participation of PBMCs in immune-
inflammatory disorders, the inflammatory profile and epigenetic regulatory mechanisms of
PBMCs in AP individuals are unknown.

Aim: To determine TLR2 gene methylation and inflammatory profiles of PBMCs in AP.

Methods: Cross-sectional exploratory study. Otherwise, healthy individuals with AP
(n=27) and controls (n=30) were included. PMBCs were isolated by a Ficoll gradient,
cultured for 24 hours, and both RNA and DNA were extracted. DNA was bisulfite-treated,
and specific sites at the promoter region of the TLR2 gene were amplified by qPCR using
validated primers. To verify its amplification, agarose gels were performed. Then, the PCR
product was sequenced. mRNA expression of TLR2 was determined by qPCR. The
soluble levels of 105 inflammatory mediators were first explored with Proteome Profiler
Human Cytokine Array Kit. Consequently, tumor necrosis factor (TNF)-a, interleukin (IL)-6,
IL-10, IL-6Ra, IL-1b, and IL-12p70 levels were measured by Multiplex assay.

Results: PBMCs from individuals with AP demonstrated a proinflammatory profile
showing higher soluble levels of TNF-a, IL-6, and IL-1b compared to controls (p<0.05).
Higher TLR2 expression and higher global methylation pattern of the promoter region of
the gene were found in AP compared to controls (p<0.05). The CpGs single-sites at
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positions -166 and -146 were completely methylated, while the site -102 was totally
unmethylated, independently of the presence of AP. DNA methylation of CpG single-sites
in positions -77 and +24 was positively associated with TLR2 expression.

Conclusions: PBMCs from AP subjects show a hyperinflammatory phenotype and TLR2
upregulation in association with single CpG-sites’ methylation from the TLR2 gene
promoter, thereby contributing to a sustained systemic inflammatory load in individuals
with periapical endodontic diseases.
Keywords: periapical periodontitis, toll-like receptor 2, CpG island, DNA methylation, RNA messenger,
leukocytes, mononuclear
INTRODUCTION

Apical periodontitis (AP) is among the main causes of tooth loss
and is typified by the inflammatory destruction of the periapical
tissues as a consequence of the infection of the root canal system
of the tooth (1). Its hallmark is the development of an apical
lesion of endodontic origin (ALEO) (2), and it has been
identified as an independent contributor to low-grade systemic
inflammation, and a non-classical risk factor for non-
communicable diseases (2).

The pathogenesis of AP is mediated by the host-pathogen
interactions, in which, toll-like receptors (TLR) play a pivotal
role. TLRs are a family of receptors activated by damage-
associated molecular patterns (DAMPs) and pathogen-
associated molecular patterns (PAMPs) (3). Among them,
TLR2 classically recognizes lipoteichoic acid from Gram-
positive bacteria (4), but it also is involved in the recognition
of lipopolysaccharide from Gram-negative bacteria (5, 6). For
this reason, oral pathogens like Porphyromonas (P.) gingivalis
and P. endodontalis, can trigger the TLR2 pathway (7, 8). The
interaction TLR2-ligand activates intercellular signaling that
induces nuclear factor k-B (NFkB) translocation to the nucleus
and the consequent inflammatory cascade activation (9). The
expression of TLR2 can be regulated by transcriptional
changes that depend on epigenetic modifications in
ALEOs (10).

Epigenetics can regulate the activation of the immune cell in
response to infection by transcriptional reprogramming (11, 12).
These modifications are characterized as being stably inherited to
the cell progeny without altering the DNA sequence. Epigenetic
modifications involve histone post-translational changes,
microRNA interference, and DNA methylation (13). DNA
methylation, the addition of a methyl group on the fifth
carbon of a DNA cytosine residue (14), is often found in rich
C and G dinucleotide (CpG) regions and can be induced by
bacteria to either allow pathogen persistence or promote host
defense (11). Gene silencing is the most frequent regulatory
mechanism associated with DNA hypermethylation, but a dual
regulatory function has also been proposed (15). TLR2 contains a
CpG island being highly susceptible to epigenetic regulation. It is
also overexpressed at local oral tissues in periodontitis (16) and
AP (10). The higher expression of TLR2 in ALEOs is associated
with a hypomethylated DNA pattern of the promoter region and
org 2
specific CpG single-sites, supporting the epigenetic regulation in
AP (10).

Recent evidence sustains that AP courses with low-grade
systemic inflammation (2, 17); moreover, endodontic bacteria
and/or their products, such as P. endodontalis, can invade the
peri radicular tissues and translocate to distant sites within
peripheric blood mononuclear cells (PBMCs) (18). In this
context, the internalization of bacteria or their antigens might
result in mononuclear cell activation via TLR2 recognition (19),
and reasonably contribute to a higher systemic inflammatory
burden. Despite the evidence that supports the participation of
PBMCs in systemic immune-inflammatory diseases, such as
rheumatoid arthritis or cardiovascular diseases (20–23), the
behavior and regulatory mechanisms of PBMCs in AP are
currently unknown. In this study, we aimed to determine the
TLR2 gene methylation and inflammatory profiles of PBMCs
in AP.
MATERIALS AND METHODS

Study Design
This analytic cross-sectional exploratory study was conducted
under the approval of the Ethics-Scientific Committee of the
Central Metropolitan Health Service (Number 2017/70) and
from the Faculty of Dentistry, Universidad de Chile (Number
2016/08). All the volunteers were informed about the objectives
and procedures of the study and signed the informed consent. All
procedures followed the ethical standards of the institutional
and/or national research committees and were under the 1964
Helsinki declaration and its later amendments.

Study Participants
Otherwise healthy individuals aged between 18-40 years old
consulting at the Dental Clinic, Faculty of Dentistry,
Universidad de Chile were enrolled between 2016-2020 if they
had a clinical diagnosis of primary AP (1) and no concomitant
systemic diseases. The volunteers had one or more teeth with a
clinical diagnosis of asymptomatic (AAP) or symptomatic apical
periodontitis (SAP). The diagnosis was confirmed by a negative
response to pulp sensitivity tests, the absence or presence of pain
to dental percussion, respectively (1), and the presence of ≥ 1
ALEO equal to or greater than 3 mm in diameter equivalent to a
March 2022 | Volume 13 | Article 861665
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periapical index ≥ 3 (24). Controls met the same criteria in the
absence of AP. Exclusion criteria were severe periodontitis,
pregnancy, body mass index ≥ 30 kg/m2, and antibiotic and/or
anti-inflammatory drug consumption three months before the
study (2).

Clinical Evaluation of Participants
General health assessment and medical history were conducted
by the endodontist and a trained nurse technician. Age, sex,
educational level, smoking habit, and classic cardiovascular risk
factors (25, 26), were recorded in pre-established charts.
Individuals with a history of non-communicable diseases were
excluded from the study and referred to a medical center for
further evaluation.

Oral clinical evaluations were carried out by a qualified
general dentist (C.V.), a periodontist (P.H.), an endodontist
(M.G). The ALEO size was determined as the mean of vertical
and horizontal diameters (mm). Full-mouth radiographic
evaluations were obtained. Intraoral parameters including
periodontal probing depth (PPD) and clinical attachment
levels (CAL) were determined with a periodontal probe (UNC-
15, Hu-Friedy, USA) in six sites per tooth. All the enrolled
patients received hygiene instruction, full-mouth ultrasonic
scaling, and coronal prophylaxis before entering the study. The
subjects with AP diagnosis were properly treated (M.G) after the
sample collection.

Samples
Fasting blood samples were obtained from AP (n=27) and
healthy controls volunteers (n=30). The samples were collected
by venipuncture of the antecubital vein by a qualified technician
(27). Fractions of the collected blood samples were submitted to
the clinical laboratory of the University of Chile Hospital for the
determination of glycated hemoglobin levels (HbA1c) and lipid
profiles. The rest of the samples were submitted and processed in
the Laboratory of Periodontal Biology for isolation of PBMCs
using Ficoll-Paque Premium 1.073 (GE Healthcare®) according
to the manufacturer’s instructions.

Profiling of Secreted Inflammatory
Proteins
Isolated PBMCs from individuals with AP as well as controls
were cultured in a 96-well plate in a 2 x 105 cell density and
incubated at 37°C and 5% CO2 in RPMI-1640 medium. After 24
hours, the supernatants were recovered and the inflammatory
profile of PBMCs first was explored by a commercial Proteome
Profiler Human Cytokine Array Kit, identifying 105 soluble
inflammatory proteins simultaneously (R&D system Inc.,
Minneapolis, USA). Briefly, samples were mixed with a
cocktail of biotinylated detection antibodies fixed on a
membrane-based sandwich immunoassay, according to the
manufacturer’s instructions. Three independent samples per
group were loaded in duplicates. The captured proteins were
visualized by chemiluminescence and semi quantification was
performed by densitometric scanning (Bruker MI SE, Billerica,
MA, USA). The intensity was determined by the mean pixel
density of the duplicate spots that represent each cytokine.
Frontiers in Immunology | www.frontiersin.org 3
The negative control was the clear area of the membrane. Also,
the levels of tumor necrosis factor (TNF)-a, interleukin (IL)-1b,
IL-6, IL-6Ra, IL-12p70, and IL-10 were measured by Multiplex
assay (R&D System Inc., Minneapolis, USA) using a Luminex
platform (Milliplex MAGPIX® System, Merck Millipore,
Massachusetts , USA), following the manufacturers ’
recommendations. The data were analyzed by the MILLIPLEX
AnalystR software (v5.1, Viagene Tech, Carlisle, MA, USA).

DNA and RNA Isolation
DNA was purified from PBMCs using the DNeasy isolation kit
(QIAGEN Inc., Valencia, CA, USA) and RNA was extracted with
TRIzol Reagent (Invitrogen™), following the respective
manufacturer’s instructions. The quality and concentration of
DNA and RNA were quantified using a spectrophotometer (Bio-
Tek, Winooski, VT, USA) in the ratio of 260:280. A reverse
transcription kit (Thermo Fisher Scientific, Carlsbad, CA, USA)
was used for synthesizing the single-stranded cDNA from the
RNA samples (8 ml).

mRNA Expression Level
The mRNA expression levels of TLR2 were determined by the
amplification of 50 ng of cDNA by qPCR through KAPA SYBR®

FAST qPCR Kits (KAPA Biosystems), using the forward
sequence 5’-CTCTCGGTGTCGGAATGTC-3’ and the reverse
sequence 3’-AGGATCAGCAGGAACAGAGC-5’, as previously
reported (10). Amplification was performed at 95°C for 30 s, 40
cycles at 95°C for 30 s, and 60°C for 30 s. Additionally, a melting
curve was run from 60 to 95°C to identify the presence of non-
specific products. Gene expression was normalized by 18S
ribonucleic RNA expression levels in controls and calculated
by the 2–DDCt method (28).

DNA Methylation Analysis
Purified DNA (200 ng) from each sample was bisulfite-treated (EZ
DNAMethylation-Direct™Kit, Zymo Research Irvine, CA, USA).
Bisulfited DNA was amplified by KAPA SYBR® Fast qPCR Kits
(KAPA Biosystems, Woburn, MA, USA) with validated primer set
for TLR2 promoters CpG island: forward sequence 5’-
TAAGGGCGGGAGTTTGTTGGGAAGTAC-3’ and reverse
sequence 3’-CTCCGAACCGACCTACCCGAAACTAAA-5’, as
previously reported (10). The selected primers for original or
bisulfited DNA were obtained from Gene Bank: http://www.ncbi.
nlm.nih.gov/nuccore/NC_000004.12?report=genbank&from=
153684256&to=15370609 by Methprimer program (http://www.
urogene.org/cgi-bin/methprimer/methprimer.cgi). The PCR
amplified product integrity was determined on agarose gels (2%)
and submitted to Sanger sequencing service (Macrogen, Seoul,
Korea). The sequencing results were analyzed with the BiQ
Analyzer program and expressed as the relative frequency of
global methylation (methylated CpG sites/the total sites) and
single-CpG methylated sites within the CpG island from the
TLR2 gene promoter.

Statistical Analysis
Data distribution of numerical variables was assessed by the
Shapiro-Wilk test. Comparisons between AP and controls were
March 2022 | Volume 13 | Article 861665
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analyzed by t-test or Mann-Whitney U-test according to data
distribution. Spearman’s correlation was used to evaluate the
association between quantitative variables. The comparison of
categorical variables was performed with the chi-square test. To
explore the associations between TLR2 global and CpG single-
site’s methylation, as independent variables, and TLR2 mRNA
expression as the outcome variable independently of potential
confounders, we ran linear bivariate and multiple regression
models using backward stepwise regression, removing the
covariates with p ≥ 0.2. To explore the influence of periapical
inflammation and other potential exposure factors on the global
methylation of the TLR2 gene promoter´s CpG island, we
performed bivariate fractional regression for potential
confounders and then fit the models including those covariates
with significant p values (p<0.1). To facilitate interpretation, we
estimated and presented the marginal effects. Statistical analyses
were performed with Stata statistical package 12 (Stata-Corp. LP,
TX, USA). All figures were constructed on GraphPad Prism 9
software (Graph-Pad Software Inc., San Diego, CA, USA).
RESULTS

General, intraoral, and serum parameters of enrolled volunteers
are shown in Table 1. Age, sex, and smoking habit were higher
with AP than controls (p<0.05), while the rest of the variables
were evenly distributed among groups. The secreted
inflammatory profile of PBMCs is shown in Figure 1. A pro-
inflammatory phenotype (Figures 1A, B) composed of 17 up-
regulated and 7 down-regulated inflammatory mediators was
determined in AP versus controls (p<0.05). Also, the
concentrations (pg/mL) of inflammatory cytokines commonly
associated with systemic inflammation were determined
(Figures 1C–H). In AP the levels of the pro-inflammatory
cytokines TNF-a, IL-1b, and IL-6 were significantly higher
than controls (p=0.029, p=0.032, p=0.017; respectively). On the
other hand, the levels of IL-6Ra, IL-12p70, and IL-10 did not
Frontiers in Immunology | www.frontiersin.org 4
show differences between the study groups (p=0.555, p=0.426,
p=0.117; respectively).

Analysis of TLR2 expression revealed significantly higher
mRNA expression levels in AP subjects compared to the
control group (Figure 2A; p=0.013). The association between
TLR2 gene expression and TNF-a, IL-1b, IL-6, IL-6Ra, IL-12p70
and IL-10 levels resulted in moderate and low correlations (r=
0.34, 0.16, 0.37, 0.19, -0.22, 0.24, respectively; p>0.05). The
epigenetic regulation of the TLR2 gene was explored by
determining the methylation status of the CpG island at the
gene promoter, localized between positions -166 to +38, as
shown in Figure 2B. A higher global methylation pattern of
the gene promoter was found in AP, compared to healthy
controls (p=0.043) with medians (interquartile range) of 20.8%
(15.3) and 16.7% (9.2), respectively (Figure 2C). The
methylation frequencies of the CpG single-sites are shown in
Figure 2D. While the sites -166 and -146 were completely
methylated, the site -102 was totally unmethylated,
independently of the presence of the periapical disease; the rest
of the CpG single-sites on the other hand were highly variable
regarding their methylation status.

To further understand the influence of the TLR2 promoter’s
methylation status over its transcriptional activity, linear
regression modeling was performed (Table 2). The global
methylation status alone did not associate with TLR2
transcriptional activity (p=0.42). At the site level, CpG
methylated positions at -77 and +24 were positively associated
with TLR2 transcriptional activity in bivariate models (p=0.036
and 0.034, respectively) and multivariate model (p=0.005 and
0.014, respectively), and the later model explained 33% of
the variability.

Finally, potential modifying factors of TLR2 promoter’s gene
methylation were explored (Table 3). Among all variables, the
periapical diagnosis and aging were identified to influence the
global methylation of the TLR2 gene promoter. Bivariate analysis
showed that the global methylation was increased by the
presence of ALEO (p=0.022) and aging (p=0.0004). However,
when including both covariates in the multivariate model, only
TABLE 1 | Sociodemographic, general, oral, and serum parameters of study individuals with apical periodontitis (AP) and healthy controls.

Controls (n=30) AP (n=27) p value

Age (years)# 22 (6) 25 (15) 0.02
Females (n,%) 15 (50%) 21 (77.8%) 0.03
Smokers (n,%) 5 (17.2%) 13 (48.1%) 0.01
Educational level 3 3 0.59
High blood pressure (n, %) 2 (7.4%) 1 (3.3%) 0.49
PD (mm)## 2.05 (0.43) 2.08 (0.56) 0.34
CAL (mm)## 1 (0.83) 1 (1.36) 0.12
Number of apical lesions## — 1.14 (0.4) —

Apical lesions size (mm)# — 8 (6.5) —

Total cholesterol (mg/dL)# 161 (53) 160 (62) 0.54
LDL cholesterol (mg/dL)# 83 (37) 84.4 (49.8) 0.70
HDL cholesterol (mg/dL)# 56 (16) 54 (21) 0.23
Triglycerides (mg/dL)# 92 (60) 121 (97) 0.88
HbA1c## 5.1 (0.16) 5.2 (0.2) 0.09
March 2022 | Volume 13 | Article
AP, apical periodontitis; PD, probing depth; CAL, clinical attachment level; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, glycated hemoglobin; #median (interquartile
range); ##mean(standard deviation); bold: p < 0.05.
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aging remained associated. The global methylation was increased
by +12 percentage points by each year (p=0.011). Also, age
correlated positively with the promoter´s global methylation
(rho= 0.44; p=0.0012).
DISCUSSION

AP has largely been considered as a local infection that causes the
inflammation and disruption of the periapical tissues, though
recent evidence demonstrates that ALEOs also contribute to the
systemic bacterial and inflammatory burden, acting as a non-
classic risk factor for non-communicable diseases (2, 18). In the
present study, we show for the first time that PBMCs present a
pro-inflammatory phenotype and overexpress TLR2 in AP
individuals in association with the gene promoter’s methylation.
Frontiers in Immunology | www.frontiersin.org 5
PBMCs, which include monocytes, natural killers, and T and
B lymphocytes, are key cells in the preservation of systemic
homeostasis and defense against infection. Furthermore, their
cytokine production has been proposed to reflect the activity of
several immune-inflammatory diseases (20–23). Our results
showed that PBMCs from AP individuals have a global
proinflammatory secretory profile with significantly higher
levels of TNF-a, IL-1b, and IL-6 in comparison with healthy
controls. Despite there being no reports in AP, PBMCs from
indiv iduals wi th per iodont i t i s have a lso shown a
proinflammatory profile with enhanced secretion of interferon-
g, IL-6, IL-12p70, IL-17, and monocyte chemoattractant protein-
1 versus their healthy counterparts (29). In line with this, PBMCs
from patients with periodontitis stimulated in vitro with LPS of
Escherichia coli, have also demonstrated a proinflammatory
secretory pattern with higher levels of the cytokine’s TNF-a
A B

C D E

F G H

FIGURE 1 | Profiling of secreted inflammatory proteins in PBMCs from apical periodontitis and control individuals. (A) Inflammatory protein profile (B) Relative levels of
inflammatory proteins. Levels of (C) TNF-a, (D) IL-1b, (E) IL-6 (F) IL-6Ra, (G) IL-12p70 and (H) IL-10 expressed in pg/ml. AP apical periodontitis. *p < 0.05, **p < 0.001.
March 2022 | Volume 13 | Article 861665
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and IL-6, among others, in comparison with PBMCs from
healthy individuals (30). TNF-a and IL-6 are associated with
pro-inflammatory and bone resorptive local responses (31, 32),
as well as C-reactive protein (CRP) synthesis, which is involved
in systemic inflammation. Moreover, higher plasma levels of
these cytokines have been associated with the development of
cardiovascular events (33). In our study, the higher levels
of TNF-a, IL-1b, and IL-6 in PBMCs from AP individuals
were also accompanied by the upregulation of several
cardiovascular disease biomarkers like adiponectin and
angiogenin (34). Overall, global PBMCs analysis revealed an
active proinflammatory state in PBMCs from AP individuals,
thus contributing to the inflammatory burden and its long-term
consequences. Further evaluation of the specific cell subsets
contributing to this inflammatory phenotype will contribute to
unveil systemic inflammation associated with oral infections.

TLR2 plays an important role in the recognition of microbial
stimuli and the triggering of innate and adaptive immune
responses. The local expression of TLR2 in periapical tissues has
been associated with the presence and progression of AP. It has
been demonstrated that TLR2 expression increases along with the
development and progression of ALEOs at different time points
Frontiers in Immunology | www.frontiersin.org 6
(35). TLR2 is also overexpressed in human ALEOs particularly in
symptomatic AP, which can represent the active form of the
disease, compared to asymptomatic AP and healthy tissues (10).
Regarding TLR2 in the systemic context, the evidence supports that
TLR2 is upregulated in PBMCs of individuals with inflammatory
non-communicable diseases (36, 37). Also, the transcription of this
pattern recognition receptor in PBMCs is downregulated after
periodontal therapy in periodontal disease individuals (38). These
data agree with our results where we showed that TLR2 is
overexpressed in PBMCs from AP individuals in comparison
with controls, supporting the role of ALEOs in PBMC activation.

DNA methylation, one of the main epigenetic modulating
mechanisms, has been reported to regulate several chronic
inflammatory pathologies (12, 39, 40). The CpG islands are
highly susceptible to methylation reprogramming. In the case
of the TLR2 gene, it comprises the promoter region, exon 1, and
part of intron 1 (41). Most available evidence supports that TLR2
expression and the methylation status of the gene promoter have
an inverse relation (10, 42–44). However, our study does not
support similar findings in PBMCs from AP individuals. In line
with our results, the expression levels of TLR2 were independent
of the gene’s methylation pattern in the HUVEC cell line
A B

C D

FIGURE 2 | Expression levels and methylation profile of TLR2 in PBMC from apical periodontitis and control individuals. (A) mRNA relative expression of TLR2. The
expression data were normalized to 18S rRNA and relative to controls, using the differences between 2–DDCT. *p = 0.013. (B) Schematic representation of the
human CpG single-sites from TLR2 gene promoter. (C) Global promoter methylation frequency (%). *p=0.043 (D) CpG single-site methylation frequency (%). AP
apical periodontitis.
March 2022 | Volume 13 | Article 861665
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stimulated with TNF-a (45). Also, the methylation status of the
TLR2 promoter’s region showed no differences among normal
and inflamed human pulp tissue (46), despite the upregulation of
TLR2 having been previously reported (47). Overall, TLR2 DNA
methylation might cause activation or repression depending on
the stimulus (48, 49) in a tissue/cell-specific manner (50, 51).

Emerging evidence supports that DNA methylation can also act
by regulating the binding of transcription factors (TF) or methyl-
CpG-binding proteins in a CpG site-specific manner (52–54).
Particularly in ALEOs, unmethylated CpG single-sites -10 and -12
are associated with transcriptional upregulation of TLR2 (10).
Interestingly, these CpG single-sites are close to the NFkB
binding sequence. Accordingly, when unmethylated they allow
the TF binding and gene transcription (41). In our study, the
methylation of CpG single-sites -77 and +24 in PBMCs was
positively associated with TLR2 mRNA expression. Despite
there being no previous reports from TLR2, methylated CpG
single-sites have also been associated with the upregulation of
gene expression. FGFR3 gene expression demonstrated a positive
correlation between CpG single-sites promoters’ methylation in
uterine corpus endometrial carcinoma and breast invasive
carcinoma (55). The mechanisms supporting a direct association
Frontiers in Immunology | www.frontiersin.org 7
between DNA methylation and transcription upregulation remain
to be elucidated, but it has been proposed that methylated CpG
single-sites could create new binding sites for TFs favoring the
initiation of transcription activity (56).

A few studies sustain that aging is associated with global
hypermethylation of CpG islands (57). In our study the
methylation of TLR2 promoter in PBMCs was influenced by
aging, being the main factor of the higher global methylation in
AP in comparison with controls. The link between aging and
hypermethylation is complex and multivariable, but it has been
proposed that it could be attributed to the accumulation of
stochastic methylation events (58) and the down-regulation of
ten-eleven translocation demethylases (59).

Concluding, PBMCs show a hyperinflammatory phenotype
and TLR2 upregulation in AP, which in turn, is influenced by the
methylation of single CpG-sites from the TLR2 gene promoter,
contributing to a sustained systemic inflammatory load in
individuals with periapical endodontic diseases.
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