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Simple Summary: Apical periodontitis often manifests as a chronic and asymptomatic disease.
The formation of chronic apical periodontitis lesion (CAPL) occurs due an imbalance between
microorganisms in a root canal system and a host’s immune response. The pro-inflammatory
characteristic of periapical granulomas has been established; increased IL-1β, IL-6 and TNF-α has
been documented. In humans over 65 years of age, the immune system becomes more fragile,
including a persistent inflammatory response, making them more susceptible to reactivation of latent
viruses, bacterial and viral pathogens, autoimmune diseases, opportunistic infections and neoplasms.
The question of this study is as follows: in aging adults, do chronic apical periodontitis lesions as
biomarkers have a risk effect on the immunoexpression of pro-inflammatory cytokines (IL-1β, IL-6
and TNF-α) compared to adults? The results demonstrated that the pro-inflammatory cytokines
IL-1β, IL-6 and TNFα showed higher expression in the CAPL of the elderly than in the adult control
group, thus suggesting that aging could be considered a modifier of periradicular disease. However,
although aging is not the main cause for the development of CAPL, it seems to be able to influence
its evolution. However, further elaborate research studies/analyses to elucidate the reasons and
consequences of inflammation in the elderly are recommended.

Abstract: Persistent inflammatory responses in the elderly may act as modifiers on the progression
and repair of chronic apical periodontitis lesions (CAPLs). While the involvement of IL-1β, IL-6
and TNF-α in inflammatory responses and, particularly, in CAPL has been documented, their
expression in elderly patients needs to be further characterized. Therefore, the purpose of this study
was to evaluate and compare the expressions of pro-inflammatory cytokines in CAPL from elderly
individuals with young/middle-aged individuals. Thirty CAPL (15 cysts and 15 granulomas) from
elderly patients (>60 years) and 30 CAPL (15 cysts and 15 granuloma) from young/middle-aged
individuals (20–56 years) were selected. Immunohistochemical reactions were performed against
IL-1β, IL-6 and TNF-α. The slides were subdivided into five high-magnification fields and analyzed.
The number of positive stains was evaluated for each antibody. There was no significant difference
between the cytokines when the cysts and granuloma were compared in the two groups. In the
young/middle-aged, only IL-1β showed a difference and was significantly higher in granulomas
(p = 0.019). CAPL pro-inflammatory cytokine levels in the elderly were significantly higher than
in young/middle-aged individuals (p < 0.05). The pro-inflammatory cytokines IL-1β, IL-6 and
TNF-α were significantly higher in CAPL in the elderly compared with the young/middle-aged
group. Further elaborate research studies/analyses to elucidate the reasons for and consequences of
inflammation in the elderly are recommended.
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1. Introduction

Apical periodontitis (AP) often manifests as a chronic and asymptomatic disease [1].
The formation of chronic apical periodontitis lesion (CAPL) occurs as a result of an imbal-
ance between microorganisms (MOs) in a root canal system (RCS) and a host’s immune
response. Bacteria can generate direct and indirect damage through the production of
exotoxins, enzymes and metabolic products. This, in turn, is an inflammatory response
of the host to a bacterial infection originating in the root canal system, which functions as
an efficient barrier against the propagation of the infection to the alveolar bone and other
regions of the body [2].

Several studies suggested that diseases might be a risk factor for endodontic out-
comes [3–6]. These manifestations can evolve from asymptomatic symptoms to painful
symptoms, causing delayed repair of some lesions and, in some cases, explain why well-
treated canals result in failure [7]. Among the events that can interfere with the progress
and even the cure of CAPL, we can highlight diabetes mellitus, genetic polymorphism,
human immunodeficiency virus (HIV), smoking and osteoporosis [8,9]. Another factor that
is considered by many to be a disease modifier is aging. Throughout life, the entire immune
system undergoes morphological and functional changes that reach their functional peak
at puberty, and then there is a gradual decline with aging.

Although it was not possible to analyze the impact of increasing age in the prevalence
and occurrence of AP, because the main part of the studies did not report age-stratified
data, it appears that prevalence increases with increasing age, particularly in populations
with low rates of dental extractions and accumulation of dental treatments, such as root
canal therapy [10]. The prevalence of periapical radiolucency (PARL) and the prevalence of
non-surgical root canal treatment (NSRCT) in the elderly were analyzed in a systematic
review [11]. In the elderly, the prevalence of both NSRCT and PARL individually is
increasing with age; while PARL in NSRCT teeth reduced with age.

In humans over 65 years of age, it has been shown that, in this phase of life, there are
many changes in the immune system that manifest as persistent inflammatory responses,
causing an imbalance in the inflammatory process [12]. The immune function seems
to go through a more significant change in individuals after reaching 60 years old [13].
Intrinsic factors related to aging (replicative stress, oxidative damage, genetic alterations,
mitochondrial decline and cellular senescence) combine with extrinsic factors (dysbiosis of
the oral microbiota and medication-related pathologies) to impair periodontal function.

Cytokines, such as TNF-α, interleukin-1 and -6, are implicated in the degradation of
soft tissue, the promotion of lymphocytes and the resorption of bone directly or indirectly
supporting osteoclastogenesis [14]. The pro-inflammatory characteristic of periapical gran-
ulomas has been established; increased IL-1β, IL-6 and TNF-α has been documented in
symptomatic APs versus asymptomatic APs [15]. Nevertheless, the correlations of the lev-
els of cytokines with the histological characteristics of these lesions were inconsistent [16].
Radicular cysts were characterized by a higher production of the pro-inflammatory cy-
tokine IL-1β, as compared with periapical granulomas [17]. A positive correlation with
IL-1β and IL-6 was also demonstrated, suggesting that stimulation loops involving pro-
inflammatory cytokines could cause significant bone resorption at the apical periodontal
zone [15]. The significance of the pro-inflammatory activity of IL-6 in the pathogenesis
of apical periodontitis lesions is supported by the higher quantity of IL-6 in symptomatic
lesions in comparison with asymptomatic lesions, as well as the control group [18]. Lastly,
TNF-α has been reported as a major contributor of the bone loss [19].

Furthermore, there is proof that, when the immune system of the elderly is active, a
high number of pro-inflammatory cytokines are released. “Inflammaging” is the term used
to refer to this event in this phase of life when there are changes in the quantity and activity
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of immune cells; however, the mechanism that explains how or why these changes occur is
still inconclusive [20]. The elevated level of pro-inflammatory cytokines IL-1β, IL-6, TNF-α,
prostaglandins and anti-inflammatory mediators illustrates this immune system disorder in
the elderly [12,21,22]. While studies in the older people have reported that IL-1β has shown
no detectable age-related trend, IL-6, which is usually found at low concentrations in the
blood, increases during aging [23]. With age, the pro-inflammatory cytokine TNF-α, a
major actor in the immune response, increases and is implicated in age-related diseases [24].

In the elderly, the immune system becomes more fragile, making them more suscepti-
ble to reactivation of latent viruses, bacterial and viral pathogens, autoimmune diseases,
opportunistic infections and neoplasms [25]. Among oral heterogeneous lesions, the first
rank is chronic candidiasis and burning-mouth syndrome in the elderly, and aphthous
stomatitis and acute candidiasis in the younger population [26].

However, the concept of “inflammaging” attributing the aging process to the pro-
inflammatory context should not be dissociated from immunosenescence [27]. Actually, the
term “immunosenescence” corresponds to a complete remodeling of the immune system
and its microenvironment. This implies changes in both innate and adaptive components
that appear with age [28]. Recent data are more in line with the interpretation that the
process is a two-way relationship where immunosenescence is induced by inflammaging
and vice versa [29].

Although some systematic reviews have sought to determine the prevalence of PA,
none has looked at factors such as age that might alter its prevalence. The null hypothesis
would be that there is no significant difference in risk effect on the immunoexpression
of pro-inflammatory cytokines between the group of patients aged over 60 years and the
group of young adults. In order to treat and prevent endodontic diseases in a more optimal
way, it is necessary to know the periapical health status of the population [30].

Our research focused on the following topic: are established pro-inflammatory biomark-
ers relevant on the prevalence of CAPL in aging patients with endodontics treatment? The
question of this study according to the principles of the PICO is as follows: in aging adults
(population), does chronic apical periodontitis lesions as biomarkers (intervention) have
a risk effect on the immunoexpression of pro-inflammatory cytokines (IL-1β, IL-6 and
TNF-α) (outcome) compared to adults (control)?

2. Materials and Methods
2.1. Study Design and Ethical Approval

This study was a case control survey performed at the Dental School of the University
Estácio de Sá, Brazil. This research was accepted by the Ethics Research Committee
of Universidade Estácio de Sá (CAAE-47669715.2.0000.5284) and conducted under the
principles of the declaration of Helsinki (2008).

2.2. Study Population

The study included 60 patients admitted to the Faculty of Dentistry between January 2017
and December 2019. Thirty CAPL (15 cysts and 15 granulomas) of patients over 60 years
were assigned to the study group, and 30 CAPL (15 cysts and 15 granulomas) of patients
between 20 to 56 years were allocated to the reference group for comparative analysis
(ratio 1:1). All cases were obtained from the archives of the pathology laboratory of the
Faculty of Dentistry of the Estácio de Sá University, and documentation with preceding
medical records was involved. Lesions must be obtained through periradicular surgery.
Exclusion criteria specimens included (i) undersize for histological processing; (ii) subjects
with immune-suppressive diseases, such as auto-immune diseases, diabetes mellitus or
acquired immune deficiency syndrome; and (iii) patients who have received of antibiotic,
anti-inflammatory and/or analgesic medication one month prior to the surgery.
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2.3. Sample Collection and Processing

The diagnosis of CAPL was confirmed through histopathological examination. The
slides that were stained with eosin and hematoxylin were evaluated via two precalibrated
evaluators, as a double model, using optical microscopy (Leica DM500, Heerbrugg, Swe-
den). The evaluation demonstrated that the cysts had a cavity completely or partially lined
by epithelium and granulo-mas were composed by granulation tissue.

2.4. Histological Process

Histological sections were assembled on silanized microslides to perform the immuno-
histochemical tests, following a protocol described previously (13). The antibodies used
were primary antibodies for IL-1β (1:100, rabbit, sc-7884), IL-6 (1:500, mouse, sc-130326)
and TNF-α (1:50, mouse, sc-130349) from Santa Cruz Biotechnology (Dallas, TX, USA). The
LSAB + HRP system (Dako K0690, DAKO North America, Carpinteria, CA, USA) was used
as the secondary antibody. Liquid DAB (Liquid DAB + Substrate Chromogen System-Dako
K3468, DAKO North America, Carpinteria, CA, USA) was used for staining the cytokine
expression zones. For each antibody used, positive and negative controls (without primary
antibody) were carried out according to the manufacturers’ instructions.

Images were observed by using optical microscopy (Leica DM500, Heerbrugg, Swe-
den). Each microslide was subdivided into 5 high-magnifications (40× microscopic mag-
nification). The expression of each cytokine was assessed in the epithelium only for
periradicular cysts and in the connective tissue. Cells that showed brownish staining at the
cytoplasmic or membranous level were considered positive for cytokines.

2.5. Biomarker Analysis

To analyze the immunoexpression of each cytokine, values (0 to 2 for each field) were
attributed to the number of positive markings for the antibodies. The scores given were
according to a previously performed protocol [31]. Areas considered negative (0 points)
were when there was no staining or when less than 5% of cells were positively stained,
mild to moderate (1 point) was when 5–50% of cells were stained positively and severe
(2 points) if over 50% of cells were considered positives. The slides were evaluated by each
field and received scores, which together represent values from 0 (if all high-power fields
tested were negative) to 10 (if all high-power fields tested were strongly positive). The final
score is the cumulative value of the five fields, and the average of the five fields gives the
immune-expression rate: negative (final average from 0 to 0.5), weak to moderate (0.6 to
1.2) and strong (1.3 to 2.0).

2.6. Statistical Analysis

Comparative data analysis was conducted with Graphpad Prism 6 for Windows
(Graphpad Software, San Diego, CA, USA). As the studied variables (average of immunoex-
pression rate of the pro-inflammatory cytokines: IL-1β, IL-6, and TNF-α) were quantitative,
the normality of the data was tested by using Kolmogorov–Smirnov and Shapiro–Wilk tests,
and by graphical analysis. Thus, Mann–Whitney U test was used for the two groups’ com-
parisons (study group, elderly patients; control group, young/middle-aged) and between
cyst and granuloma for each pro-inflammatory cytokine, whereas the Kruskal–Wallis test
was applied for the comparisons among the three pro-inflammatory cytokines in each group
(for cyst and granuloma). Descriptive data for variables were reported as mean ± standard
deviation (SD). Statistical significance level was p < 0.05.

3. Results
3.1. Baseline Characteristics

Our study involved 30 cases and 30 controls, with a median (IQR) age of 69.0 (67.0–76.0)
and 37.0 (32.0–47.0) years old, respectively. Table 1 summarizes the demographic and clini-
cal data of the patients. Except for age, none of the parameters was statistically different
between the two groups studied.
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Table 1. Demographic and clinical characteristics of young/middle-aged and elderly patients.

Parameter Elderly Young/Middle-Aged p-Value

Age 1 70.4 ± 5.34 39.9 ± 9.3 <0.00001

Gender 2 19 females
11 males

18 females
12 males 1.0

Localization 2 18 anterior
12 posterior

19 anterior
11 posterior 1.0

Anatomical location 2 17 maxilla
13 mandible

20 maxilla
10 mandible 0.59

1 Mann–Whitney test was used to compare age (mean ± standard deviation). 2 Fisher’s exact test was used to
compare gender, localization and anatomical location. Statistical significance (p < 0.05).

3.2. Biomarker Levels at Study Time Point

All the slides containing CAPL from elderly patients showed positive markings for
the primary antibodies used. The results of the chemical mediator expressions in the
images obtained by IHC (Figure 1A–C) in the periradicular granulomas of the elderly
revealed that IL-1β was 16.6% focal, 16.6% weak/moderate and 66.8% strong; IL-6 was
67% weak/moderate and 33% strong; and TNF-α was: 83% weak/moderate and 17%
strong. The results of the IHQ expression of these same chemical mediators in the images
from the periradicular cysts of the elderly (Figure 2A–C) revealed that IL-1β was 40%
weak/moderate and 60% strong; IL-6 was 20% focal, 20% weak/moderate and 60% strong;
and TNF-α was 60% weak/moderate and 40% strong.

The numerical values of the means of the cytokine immunoexpressions in CAPL of the
elderly are given in Table 2. No statistically significant difference was observed between the
cytokine values in the cysts and granulomas. In the comparison of the pro-inflammatory
cytokines between cysts and granulomas, there was also no significant difference.

Among youth/middle-aged of the control group, results of the expression of chemical
mediators in the images obtained through IHC (Figure 1D–F) in periradicular granulomas
revealed that IL-1β was 33.3% focal and 66.7% weak/moderate; IL-6 was 83.3% focal and
16.7% weak/moderate; and TNF-α was 83.3% focal and 16.7% weak/moderate. This same
evaluation for the adult periradicular cysts (Figure 2D–F) revealed that IL-1β was 80%
focal and 20% weak/moderate; IL-6 was 100% focal; and TNF-α was 60% focal and 40%
weak/moderate.
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Figure 1. Periradicular granulomas with positive immunoperoxidase staining for pro-inflammatory
cytokines. Older patient: (A) IL-1β, (B) IL-6 and (C) TNF-α. Younger/middle-age adult patient:
(D) IL-1β, (E) IL-6 and (F) TNF-α.
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Figure 2. Periradicular cysts with positive immunoperoxidase staining for pro-inflammatory cy-
tokines. Older patient: (A) IL-1β, (B) IL-6 and (C) TNF-α. Younger/middle-age adult patient:
(D) IL-1β, (E) IL-6 and (F) TNF-α.

Table 2. Comparative analysis of the expressions of the pro-inflammatory cytokines in granulomas
and apical cysts of young/middle-aged and elderly patients.

Cytokine

Groups

Elderly Young/Middle-Aged

Cysts 1 Granulomas 1 p-Value 2 Cysts 1 Granulomas 1 p-Value 2

IL-1β 1.52 ± 0.46 1.40 ± 0.59 0.792 0.32 ± 0.17 0.60 ± 0.26 0.019
IL-6 1.12 ± 0.50 1.20 ± 0.33 0.930 0.24 ± 0.16 0.26 ± 0.20 0.937

TNF-α 1.28 ± 0.41 1.40 ± 0.25 0.662 0.40 ± 0.26 0.26 ± 0.20 0.536
p-value 3 0.500 0.420 0.690 0.060

1 Values are expressed as mean ± standard deviation of the scores given for staining intensity. 2 Mann–Whitney
test. 3 Kruskal–Wallis test.

The numerical values of the means of the cytokine immunoexpressions in the adult
CAPL are given in Table 2. No statistically significant difference was found between
cytokines in the cysts and granulomas. However, in the comparison of the pro-inflammatory
cytokines between cyst and granulomas, there was a significant difference only in relation
to IL-1β (p = 0.019), which showed a greater expression in granulomas.

The comparison for each pro-inflammatory cytokine in CAPL (cyst and granuloma)
between groups (Figure 3) revealed that the immunoexpression of the three cytokines
studied was significantly higher in the elderly (study group) than in young/middle-aged
patients (control group) (p < 0.05).
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Figure 3. Comparison of pro-inflammatory cytokines in chronic apical periodontitis lesions be-
tween elderly and young/middle-aged patients: (A) cyst (IL-1β elderly–IL-1β adult, p = 0.008;
IL-6 elderly–IL-6 adults, p = 0.016; TNF-α elderly–TNF-α adult; p = 0.008); (B) granuloma (IL-1β
elderly–IL-1β adult, p = 0.041; IL-6 elderly–IL-6 adults, p = 0.002; TNF-α elderly–TNF-α adult;
p = 0.002). Mann–Whitney test (* significant difference).

4. Discussion

Despite the fact that various authors have reported important modifications in the
immune response of elderly patients, few studies have analyzed the impact of aging on the
evolution and repair of CAPL. While the involvement of IL-1β, IL-6 and TNF-α in inflam-
matory reactions, and especially in CAPL, has been documented, their expression in elderly
individuals needs to be further characterized. CAPL is a local inflammatory response
caused by bacteria and their products inside the root canal, which appears to prevent
the spread of this infection [32,33]. According to various reports in the literature, certain
systemic factors may affect the development or cure of CAPL. Systemic factors—aging,
smoking, comorbidities (diabetes mellitus, HIV and osteoporosis), disease modifiers (ge-
netic polymorphisms), etc.—can have significant effects on the immune system and bone
metabolism [9,34]. Studies in elderly rats [35,36] and in humans over the age of 65 [12] have
shown that persistent inflammatory responses can occur in the elderly, due to an imbalance
between the MOs and the host’s immune response.

Various authors have reported that the elderly frequently have modifications in their
immune systems that cause a marked release of blood pro-inflammatory cytokines (i.e.,
inflammaging) [20]. The findings of the present study, where there was a significant
increase in IL-1β, IL-6 and TNF-α in the CAPL of elderly individuals, are in line with such
observations. Although it is difficult to draw a significant conclusion to answer the global
question based on three cytokine markers, these three pro-inflammatory cytokines are
among the most studied in the literature. Their role in inflammation is highlighted. Thus,
when the immune system of the elderly is active, a high number of IL-1 β, IL-6 and TNF-
α are released [21,22]. The results of this study are also consistent with those of another
published study [34], where it was possible to observe a similar growth in the production
of TNF-α, IL-1β and IL-6 in older (elderly) rats in comparison with the younger.
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According to various authors, the aging process affects the immune system [37–40],
leading to increased levels of cytokines [12,20]. Furthermore, the excessive production
of these cytokines could well result in the emergence of chronic diseases. These changes
cause the elderly’s immune system to become more fragile, and therefore the reactivation of
latent viruses, bacterial and viral pathogens, autoimmune diseases, opportunistic infections
and neoplasms become more likely [25]. There are reports in the literature stating that
an increased production of TNF-α, which inhibits the differentiation of osteoblasts and
stimulates the production of RANKL, contributes to less bone formation in elderly animals
and thus contributes to senile osteoporosis. These changes that can lead to resorption are
also triggered by the immunological changes caused by aging [39].

Tissue homeostasis is disrupted in any inflammatory process, and this process in-
volved both recruitment and retention of the cells of hematopoietic origin that go to the
site affected to start the tissue repair process. IL-1 β is one of the cytokines that activate
the inflammatory process; however, if released in an unregulated manner, it can lead to
the development of chronic inflammatory conditions or the aggravation of the process [41].
The fact that elderly individuals had significantly higher values (p = 0.0034) of IL-1β com-
pared to young/middle-aged individuals may be due to the phenomenon described above
(i.e., inflammaging), where the immune system of the elderly acts in a disorderly manner,
leading to a greater release of IL-1β in the cysts of the elderly. In addition, inflammaging
may also be the reason for a higher presence of IL-6 in granulomas of elderly individuals in
comparison with adult ones (p = 0.0019).

Some cells, such as T-lymphocytes and macrophages, play a key role in this immune re-
sponse; furthermore, these cells are involved in the release of some cytokines [42,43]. Other
authors determined the presence of macrophages in cysts and granulomas of middle-aged
and elderly patients with specific markers and found a lower expression of macrophages
in the older patients. This result suggests that elderly patients are more likely to suffer
endodontic treatment failure [44].

According to the literature, cysts originate from periapical granulomas, which form
from endodontic infections that have remained in place for a long period of time [45,46].
When no measures are taken to treat the endodontic infection or in cases of treatment
failure where CAPL persists at the site with no reduction of the inflammatory condition, the
epithelial remnants of Malassez present inside the granulomas may, over time, induce the
formation of epithelial tissue. The formation of this epithelial tissue is induced by bacterial
endotoxins or inflammatory cytokines of the host [38,47,48]. The formation of epithelium
inside the root cysts prevents the penetration of and the survival of macrophages, among
other cells of the host’s immune system, inside the cysts. This process may also explain why,
in the present study, adult patients had significantly higher levels of IL-1β in granulomas
(p = 0.0019). Another study that analyzed 80 adult patients (18–55 years old) with CAPL
demonstrated that increased levels of interleukin-1β were associated with chronic lesions in
the acute exacerbation stages and granulomas in the initial stages of development. However,
persistent granulomas, non-inflamed cysts, recently endodontically treated teeth and healed
tissues showed significantly lower levels of interleukin-1β. These authors concluded that
the differences in the amount of interleukin-1β correlated with the progression of the lesion
and stages of development [49].

Previous studies showed that the presence of cells associated with the host’s immune
response, such as mast cells, are greater in granulomas than in periapical cysts [50,51].
These cells are involved in the release of chemical mediators, such as TNF-α and IL-1
β. In our study, there was a greater expression of IL-1β in granulomas only in the adult
patients. The presence of TNF-α in high amounts can result in vascular and inflammatory
changes in the area of the lesion, which can, consequently, lead to a further increase in
TNF-α [50]. Our results showed TNF-α was present in greater quantities (p = 0.001) in
elderly individuals, thus suggesting that their immune response may result in an increase
in CAPL and, consequently, increase failure rates in endodontic treatments. Macrophages,
mononuclear phagocytes and monocytes are the most important stimuli to activate the
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synthesis of pro-inflammatory cytokines. However, in the meantime, since individuals
over the age of 60 years old (probably) have an altered immune system, they should be
treated in a way that this particularity is taken into consideration.

One of the limitations of the study was the small number of samples, which enables
us to consider the results obtained as intermediate; thus, in the future, a subsequent study
is recommended. A larger sample size would have reduced the age range of the younger
group by creating an additional age subcategory—young adult, adult and senior. As a
retrospective study, with the necessary caution in the causal interpretation of the observed
associations, this study may have some data bias. It would have been interesting to include
dynamic data of CAPL that are not available in the medical data record, such as active
phase and duration.

This study, for methodological considerations, did not investigate associations be-
tween cytokine expression and clinical/imaging manifestations of AP, despite the fact
that clarification on lesion size relative to cytokine expression would have been useful
to assess the expression levels of TNF-α. Likewise, our research really only performed
one type of assessment and did not back up the data with any other type of experiment,
such as qRT-PCR from the lesion, RNA-seq or identification of cell types in the lesion
itself. Finally, it should be noted that our study presents a selection gender bias with an
overrepresentation of men that must be must be considered, as the age-related changes in
several immunological parameters are different between genders, probably due to women’s
lower biological age [52].

5. Conclusions

The results demonstrated that the pro-inflammatory cytokines IL-1β, IL-6 and TNFα
showed higher expression in the CAPL of the elderly than in the adult control group, which
suggests that aging could be considered a modifier of periradicular disease. However,
although aging is not the main cause for the development of CAPL, it seems to be able to
influence its evolution. However, further elaborate research studies/analyses to elucidate
the reasons and consequences of inflammation in the elderly are recommended.
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