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A B S T R A C T

Objective: Despite the high frequency of impacted teeth and increased frequency of lesions in dental follicles
(DF) with aging, DF age-changes remain unclear. We compared the global methylation and hydroxymethylation
profiles in DF in relation to age.
Design: DF associated with impacted lower third molars were obtained from 59 individuals. Global DNA me-
thylation (5mC content) and hydroxymethylation (5hmC) were evaluated by ELISA. We tested the correlation
between 5mC and 5hmC content, and the correlation of each with patients’ age. The differences in age, 5mC, and
5hmC in DF from men/women, and location (left/right mandible) was tested.
Results: The mean age of the 59 individuals was 19.56 ± 3.92, ranging from 13 to 31 years, and most were
women (n=39). 5hmC content and age up to 19 years were inversely correlated (Spearman’s correlation
coefficient=-0.552, p= 0.0003, n= 38). There was no relationship between 5hmC and 5mC content. There was
no difference in the medians of age (p=0.25), 5hmC (p=0.33) and 5mC (p=0.86) between men/women, nor
in the medians of age (p=0.39), 5hmC (p= 0.99) and 5mC (p= 0.22) between the left/right side of the tooth
extraction.
Conclusion: An inverse correlation between 5hmC and age was established, with no correlation between 5mC
and 5hmC content in DF. The biological meaning of such a decrease of global DNA hydroxymethylation with age
in DF remains to be clarified.

1. Introduction

Cases of impacted teeth are highly prevalent worldwide, showing an
approximate prevalence of 16% in the adult population, with the third
molars being the most frequently impacted teeth (Al-Zoubi, Alharbi,
Ferguson, & Zafar, 2017; Dachi & Howell, 1961). Dental follicles (DF)
or pericoronal follicular tissue are composed of epithelial (reduced
enamel organ) and ectomesenchymal structures that surround the

crown of the tooth after enamel formation. DFs are retained in cases of
impacted teeth and can be studied when extracting third molars or
other impacted teeth. Despite the high frequency of impacted teeth,
there exists a paucity of research regarding DF biological changes.

After enamel formation, DF reduced epithelium suffers squamous
metaplasia, while the remnants of the dental lamina tend to disappear
with age (de Mello Palma et al., 2018; Stanley, Krogh, & Pannkuk,
1965). In retrospective studies of DF submitted for histopathological
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evaluation, odontogenic cysts and tumors are eventually diagnosed in
addition to carcinomas. This indicates the significant role of these
structures in the development of significant and even life-threatening
diseases (Curran, Damm, & Drummond, 2002; Eversole, 1999; Slater,
2009; Yildirim, Ataoğlu, Mihmanli, Kiziloğlu, & Avunduk, 2008). A
recent systematic review and meta-analysis concluded that the pre-
valence of odontogenic cysts and tumors associated with impacted third
molars is 5.3%, and this prevalence is higher among individuals older
than 40 years (Mello, Melo, Kammer, Speight, & Rivero, 2019).

Some advocate the elective removal of impacted teeth based on the
significant risk of destructive cysts and tumor development from DF
tissues (Assael, 2002). Additionally, the incidence of both locally de-
structive and life-threatening diseases originating from DF tissues in-
creases with age. On this basis, the early removal of impacted teeth is
desirable, and histopathological evaluation of the associated DF is
highly recommended (Assael, 2002; Curran et al., 2002; Mello et al.,
2019; Slater, 2009; Yildirim et al., 2008). However, managing impacted
teeth is a clinical dilemma, and oral surgeons are frequently dis-
couraged from sending DF for pathologic examination by insurance
companies that may refuse to pay the pathology bill (Assael, 2002; Carl,
Goldfarb, & Finley, 1995; Curran et al., 2002). Although it is known
that the frequency of pathologic lesions in DF increases with aging,
published information on the genetic and epigenetic background of DF
is unavailable, and it remains unknown if there are considerable
changes in this profile with aging. The occurrence of genetic and epi-
genetic alterations in DF with subjects’ aging has never been explored,
thereby remaining completely obscure.

We have previously assessed the presence of three hotspot muta-
tions, BRAF p.V600E, KRAS p.G12 V, and p.G12R in DF associated with
asymptomatic impacted teeth. These mutations are highly frequent in
two epithelial odontogenic tumors—ameloblastoma and adenomatoid
odontogenic tumor—and we hypothesized that they could be detected
in some DF. However, our hypothesis was not confirmed since we did
not identify these mutations (Coura et al., 2019).

Besides somatic mutations, epigenetic events, including DNA me-
thylation, lead to inappropriate expression or silencing of genes without
a change in their coding sequence (Egger, Liang, Aparicio, & Jones,
2004; Holliday & Pugh, 1975). Epigenetic patterns change during the
aging process (Christensen et al., 2009) and, notably, comparing new-
born CpG methylation and centenarian methylomes, a trend towards
demethylation over a lifetime has been reported (Heyn et al., 2012).
DNA global hypomethylation is usually accompanied by local hy-
permethylation during aging (Jung & Pfeifer, 2015). Some studies have
investigated the methylation pattern of targeted genes in DF and ob-
served the presence of methylation in the P16, P27, and RB1 genes
(Moreira et al., 2009). However, the pattern of global DNA methylation
in DF has not been previously investigated. Methylation of the C5 po-
sition of cytosine residues (5-methylcytosine, 5mC) in DNA has been
recognized as an epigenetic silencing mechanism of fundamental im-
portance (Holliday & Pugh, 1975; Valinluck & Sowers, 2007). 5-hy-
droxymethylcytosine (5hmC) results from the oxidation of 5mC, and its
levels are approximately 0.1% in mammalian tissues, with great var-
iation (Globisch et al., 2015). The functional significance of 5hmC as an
epigenetic mark is poorly understood, but it seems to be associated with
activated transcription (Breiling & Lyko, 2015).

Since alterations occur in the global methylation profile of different
tissues with advancing age, we compared the global methylation and
hydroxymethylation profiles in DF samples from young and older in-
dividuals. We hypothesized that the global DNA methylation and hy-
droxymethylation in DF can be changed throughout the aging process.

2. Materials and Methods

2.1. Sample selection and clinical data

The study was approved by the Ethics Committee of the Federal

University of Minas Gerais (UFMG) (protocol 2.144.768). Written in-
formed consent was obtained from all patients, and the study was
performed in accordance with the Declaration of Helsinki. A con-
venience sample of DF associated with impacted lower third molars was
obtained from 59 healthy individuals, irrespective of sex or age, or
inclusion position at the Oral Surgery Clinics of UFMG. Individuals who
did not want to participate in the study, reported antibiotics or anti-
inflammatory use in the past six months, were smokers, showed sys-
temic alterations or were immunocompromised, and cases of

Table 1

Clinical data of the 59 samples of dental follicles associated with impacted
lower third molars.

Sample # Clinical Information

Age Sex Side

1 21 Female Right
2 16 Female Right
3 25 Female Left
4 20 Female Left
5 23 Female Left
6 17 Female Right
7 17 Male Left
8 17 Female Right
9 18 Male Right
10 17 Female Right
11 19 Female Left
12 16 Male Left
13 20 Female Right
14 30 Female Right
15 31 Male Right
16 27 Male Left
17 17 Female Left
18 17 Male Left
19 20 Male Right
20 17 Male Right
21 17 Male Right
22 17 Female Right
23 17 Female Right
24 20 Female Left
25 19 Female Right
26 16 Male Left
27 16 Male Right
28 15 Male Left
29 17 Female Right
30 19 Female Left
31 23 Male Right
32 17 Female Right
33 17 Female Left
34 23 Female Left
35 25 Female Left
36 19 Female Left
37 15 Female Left
38 17 Male Right
39 22 Female Right
40 13 Female Right
41 19 Male Right
42 18 Female Right
43 18 Female Left
44 24 Male Left
45 17 Male Left
46 22 Female Right
47 18 Female Left
48 27 Female Left
49 18 Female Left
50 17 Male Left
51 22 Female Left
52 24 Female Left
53 19 Female Right
54 22 Female Right
55 18 Female Right
56 17 Male Left
57 18 Female Left
58 30 Male Left
59 17 Female Right
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mandibular 3rd molars erupted or with semi-inclusion were excluded
from the study.

Each DF sample was cut into two parts. One fragment was formalin-
fixed paraffin-embedded for diagnosis confirmation. The other piece
was stored in a tube containing 1mL of nucleic acid preservation so-
lution (RNAholder, BioAgency, Brazil) and stored at -80°C until the
time of sample processing. Clinical data including age, sex, and location
of the teeth were obtained from all patients.

2.2. DNA isolation

Genomic DNA (gDNA) was isolated from DF using the DNeasy®
Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the man-
ufacturer instructions. gDNA concentration (ng/μL), as well as its purity
considering the absorbance ratios A260nm/A280nm of ∼1.8 and A260nm/
A230nm of ∼2.0 (Wilfinger, Mackey, & Chomczynski, 1997), were de-
termined using a NanoDrop™ 2000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, USA). The DNA was stored at -20 °C for sub-
sequent analysis.

2.3. Global DNA methylation

The levels of 5mC and 5hmc were evaluated by submitting 100 ng of
gDNA of each sample to an enzyme-linked immunosorbent assay
(ELISA). The ELISA assay was carried out using the Quest 5mC™ DNA
ELISA Kit (catalog number D5325) and Quest 5hmC™ DNA ELISA Kit
(catalog number D5425), both from Zymo Research Corp. (Irvine, CA,
USA), following the manufacturer’s protocol. For each ELISA assay,
5mC and 5hmC, all samples were evaluated at the same time and in the
same experiment. Colorimetric analysis was performed to identify the
percentage of DNA methylation and hydroxymethylation of each
sample. These percentual values were obtained based on the standard
curve provided by the kits and the individual absorbance. To determine
the absorbance of each sample, an Epoch™Microplate
Spectrophotometer (BioTek, Winooski, USA) was used with absorbance
read at 405 nm. Global DNA methylation and hydroxymethylation were
expressed as the percentage of 5mc and 5hmc, respectively.

2.4. Statistical analyses

Descriptive and inferential statistics were carried out on R (version
3.6.1). Locally estimated scatterplot smoothing (LOESS) were created to

evaluate the relationship between numerical variables. Spearman cor-
relation coefficient was estimated where a linear association was ob-
served. Normality was evaluated using Shapiro-Wilk test. Median dif-
ferences of 5mC and 5hmC between sex and side of extraction of DF
tissue were analyzed using Mann-Whitney test for independent samples.
The level of statistical significance was set at 0.05. A priori and post hoc

power analysis was conducted on G-power version 3.1.9.4 using ob-
served ratios and effect-sizes to calculate sample size to reach 80%
power and obtained power, respectively.

3. Results

The clinical data of the individuals from whom DF were collected
are shown in Table 1. The mean age of the 59 individuals was
19.56 ± 3.92 (range 13-31) years, and most were women (n= 39). A
similar proportion of cases occurred in each mandibular side (left
n= 30; right n=29). The median value of global DNA hydro-
xymethylation (5hmC) of all DF samples was zero, while the median
value of global methylation (5mC) in DNA was 66.89% (Table 2).

Fig. 1 shows the relationship between 5hmC, 5mC, and the in-
dividuals’ ages. The relationship between 5hmC vs age and 5mC vs age
was not typically linear over time (Fig. 1A and B). An inversely pro-
portional relationship was observed between 5hmC content and age up
to 19 years (Spearman’s correlation coefficient=-0.552, p=0.0003,
n=38) (Fig. 1A). There was no relationship between 5hmC and 5mC
content (Fig. 1C). Additionally, there was no difference in the medians
of age (p=0.25), 5hmC (p= 0.33) and 5mC (p=0.86) between men
and women (Fig. 2A and C). Similarly, there was no difference in the
medians of age (p=0.39), 5hmC (p=0.99) and 5mC (p= 0.22) be-
tween the left and right sides of the tooth extraction (Fig. 2B and D).
Obtained power ranged from 0.05 to 0.34 since reflecting low nominal
differences between evaluated groups.

4. Discussion

Occasionally, DF cells for yet-unknown reasons lead to the forma-
tion of cysts and tumors, which include but are not restricted to den-
tigerous cysts, odontogenic keratocysts, and central epithelial odonto-
genic tumors, such as ameloblastomas and intraosseous squamous cells
carcinomas (Araújo et al., 2014; Bodner, Manor, Shear, & van der Waal,
2011; Chretien, Carpenter, White, Harrah, & Lightbody, 1970; Colbert,
Brennan, Theaker, & Evans., 2012; Gardner, 1975; Gay-Escoda, Camps-

Table 2

Percentage of DNA methylation and hydroxymethylation of the dental follicles, according to sex, age and side of extraction.

Variable Group n Mean SD Median Min Max Range Obtained power

Hydroxymethylation % Total 59 0.04 0.01 0 0 0.32 0-0.32 -
Sex Men 20 0.04 0.06 0 0 0.20 0-0.20 0.131

Women 39 0.03 0.07 0 0 0.32 0-0.32
Age (y.o.) ≤20 42 0.04 0.05 0 0 0.20 0-0.20 -2

21-25 12 0.03 0.09 0 0 0.32 0-0.32
≥26 5 0.05 0.09 0.01 0 0.20 0-0.20

Side Right 29 0.03 0.06 0 0 0.32 0-0.32 0.143

Left 30 0.04 0.07 0 0 0.20 0-0.20
Methylation % Total 59 65.82 4.31 66.89 0 100 0-100 -

Sex Men 20 65.86 34.76 67.44 0 100 0-100 0.054

Women 39 65.80 32.65 62.44 0 100 0-100
Age (y.o.) ≤20 42 70.58 30.94 74.11 0 100 0-100 -2

21-25 12 56.37 31.42 31.42 21.33 100 21.33-100
≥26 5 48.53 49.61 49.61 0 100 0-100

Side Right 29 71.32 30.31 68 0 100 0-100 0.345

Left 30 60.50 35.24 56.89 0 100 0-100

1 Sample size required to reach 80% power would be 813 women and 417 men (using 1.95 women: men observed ratio).
2 Categorized age is presented for descriptive purposes only. Data analysis was performed using age as continuous variable. (Cohen, 1983).
3 Sample size required to reach 80% power would be 560 right and 544 left teeth (using 1.03 right left observed ratio).
4 Sample size required to reach 80% power would be 6,032,823 women and 3,093,755 men (using 1.95 women: men observed ratio).
5 Sample size required to reach 80% power would be 123 right and 119 left teeth (using 1.03 right left observed ratio).
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Font, López-Ramírez, & Vidal-Bel, 2015; Glosser & Campbell, 1999;
Hankey & Pedler, 1957; Ide, Shimoyama, Horie, & Kaneko, 1999, Ide
et al., 2008; Kramer & Scribner, 1965; Lee & Loke, 1967; Manganaro,
Cross, & Startzell, 1997; Meadow, 1966; Panneerselvam,
Parameswaran, Kavitha, & Panneerselvam, 2017; Reichart & Philipsen,
2004; Sciubba, Fantasia, & Kahn, 2001; Stephens, Kogon, & Reid, 1989;
Waldron & Mustoe, 1989; Williams & Newman, 1963). Evidence of
pathologic transformation of the DF tissues is derived either from case
reports of cysts and tumors originating in these tissues or from ob-
servational clinicopathological investigations (Satheesan, Tamgadge,
Tamgadge, Bhalerao., & Periera, 2016). The incidence of pathological
alterations is higher among older individuals compared to younger ones

(Baykul, Saglam, Aydin, & Başak, 2005), with a strong correlation be-
tween the incidence of cystic alterations in follicular tissues and age
(Adelsperger, Campbell, Coates, Summerlin, & Tomich, 2000).

Aging is one of the main known risk factors for diseases since epi-
genetic patterns change over time (Lopez, Fernández, & Fraga, 2017).
Age plays an important role in the changes that occur in DNA methy-
lation patterns (Romanov & Vanyushin, 1981; Knapowski,
Wieczorowska-tobis, & Witowski, 2002), which are related to the
aberrant expression or silencing of genes (Sharma, Kelly, & Jones,
2010). DNA methylation is often dysregulated in tumor cells (Yoo &
Jones, 2006), including odontogenic tumors (Moreira et al., 2009).
Furthermore, dynamic changes in 5mC and 5hmC may be critical for

Fig. 1. Relationship between global DNA methylation, global DNA hydroxymethylation and the individuals’ ages estimated using locally estimated scatterplot
smoothing (blue line) and 95% confidence interval around smooth (grey area around the blue line). (A) The relationship between 5hmC and age was not linear over
time (presence of sparse data points and the shape of blue curve). An inverse correlation was observed between 5hmC content and age up to 19 years (red dotted line)
(Spearman’s correlation coefficient = -0.552, p= 0.0003, n= 38). (B) The relationship between 5mC and age was not linear over time (presence of sparse data
points and the shape of blue curve) and no correlation could be tested. (C) There was no relationship between 5hmC and 5mC content. The 5hmC and 5mC contents
are expressed as percentages.
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the regulation of amelogenesis (Yoshioka, Minamizaki, & Yoshiko,
2015).

In the present study, the global DNA methylation and hydro-
xymethylation patterns were evaluated in DF associated with impacted
third molars. The global DNA methylation (percentage of 5mC) and
global DNA hydroxymethylation (percentage of 5hmC) and the corre-
lation between the values of both with age were tested in order to
search for changes in this pattern during aging. An inverse correlation
was observed between 5hmC content and age up to 19 years. This de-
cline in 5hmC with aging is consistent with the established phenom-
enon of age-associated global hypo-hydroxymethylation previously
observed in humans (Buscarlet, Tessier, Provost, Mollica, & Busque,
2016; Toraño et al., 2016; Xiong et al., 2015) as well as in mice
(Kochmanski, Marchlewicz, Cavalcante, Sartor, & Dolinoy, 2018).

Others, however, observed a positive correlation between age and
5hmC levels in healthy patients’ blood (Jiang et al., 2017). This dis-
crepancy may be due to several factors that are known to influence
methylation, but most probably reflects the highly variable global
contents of 5hmC content in different normal human tissues and cell
lines previously reported (Kriaucionis & Heintz, 2009; Nestor et al.,
2012). Notably, high 5hmC levels are observed in the brain (Kriaucionis
& Heintz, 2009). Of note, DNA hydroxymethylation represents a strong
and reproducible mark of chronological age (Xiong et al., 2015). In DF,
it seems that the decrease in global DNA hydroxymethylation with age
is also a remarkable phenomenon, however, its biological implications
remain to be clarified.

Regarding global DNA methylation, a reduction in global 5mC le-
vels from birth to old age has been previously reported (Buscarlet et al.,

Fig. 2. Distribution of DNA methylation and global DNA hydroxymethylation across sex and side of extraction of impacted teeth/dental follicles. Vertical
lines represent median values of 5hmC or 5mC percentage based on sex or side of extraction. (A) 5hmC median does not appear to be different according to sex
(Mann-Whitney test, p= 0.33). (B) 5hmC median does not appear to be different according to the side of tooth extraction (Mann-Whitney test, p= 0.99). The
median value lines are overlapped at 0. (C) 5mC median does not appear to be different according to sex (Mann-Whitney test, p= 0.86). (D) 5mC median does not
appear to be different according to the side of tooth extraction (Mann-Whitney test, p= 0.22).
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2016). This decline is a well-established phenomenon of age-associated
global hypomethylation previously observed in humans (Gonzalo,
2010). In our study, the percentage of 5mC and age was not associated
with time, precluding the correlation evaluation.

Global DNA methylation and hydroxymethylation were not corre-
lated in our study. This result is in line with previous studies that also
did not observe a correlation of 5mC and 5hmC in blood and normal
tissues (Godderis et al., 2015; Nestor et al., 2012). When comparing sex
(women vs. men) with the percentage of 5hmC or 5mC, no difference
was observed. Similar to our findings, other investigators did not detect
any differences in sex in human cells, blood or saliva from healthy
volunteers (Godderis et al., 2015; Weber et al., 2005). Considering
previous work showed differences in third molar agenesis frequency
between right and left jaw sides (Sujon, Alam, & Rahman, 2016;
Trakinienė et al., 2018), we compared the tooth extraction side (right
vs. left) with the percentage of 5hmC or 5mC and did not observe any
difference. We aimed to test the correlation of global methylation and
hydroxymethylation with age in human DF. Although global DNA
methylation changes with chronological aging, global DNA methylation
and hydroxymethylation can also be influenced by environmental ex-
posures, including chemical and nonchemical stressors, in addition to
nutritional factors (Dao, Cheng, Revelo, Mitzner, & Tang, 2014; Martin
& Fry, 2018), which could not be addressed in our study.

Global DNA hydroxymethylation and methylation in DF have not
been previously investigated. Besides global DNA methylation/hydro-
xymethylation changes during aging, gene-specific hypermethylation
can lead to the silencing of several genes, including those responsible
for cell cycle control (Burzynski, 2005). There are studies that in-
vestigated DNA methylation in target genes in odontogenic tumors
(Costa et al., 2017; Gomes, Brito, Andrade, & Gomez, 2010; Moreira
et al., 2009), and few studies have evaluated specific DNA methylation
patterns of genes in DF (Ai et al., 2018; Gopinathan, Kolokythas, Luan,
& Diekwisch, 2013; Li et al., 2018; Moreira et al., 2009).

In the present DF cohort, the relationship between 5mC and 5hmC
with age was not linear over time, and an inverse correlation between
DNA hydroxymethylation and age (up to 19 years) was found. This age-
dependent decrease in 5hmC levels observed was not accompanied by
changes in the levels of 5mC, as there was no correlation between 5mC
and 5hmC content in DF. In conclusion, we provide evidence of global
DNA hydroxymethylation changes with age in human DF. Further
studies are necessary to determine the biological significance of de-
creased global DNA hydroxymethylation with age in DF.
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