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Abstract

Background: Apical periodontitis (AP) characterized by inflammation
and bone destruction in

the periapical tissues due to microbial infection in the dental pulp. This
necessitates immunological responses to prevent the spread of infection.
Macrophages are a group of heterogeneous cells that have many roles in
the development of infections, destruction and reconstruction of bone
tissues, and microbe—host interactions

Materials and Methods: Thirty paraffin embedded tissue blocks of
radicular neck resected samples of 18 preapical granulomas and 12
radicular cysts were processed histopathological to detected CD6S,
CDll1c and cd163 positive cells. Expression of macrophage was
quantitatively assessed.

Results: The study found that M1 macrophage polarization, indicated by
CDl11c expression, was higher in radicular cysts compared to periapical
granulomas (25.45 £ 4.11 vs. 14.66 + 4.19). There was no significant
difference between granulomas and radicular cysts concerning CD68
expression (46.27 + 5.06 vs. 28.05 = 5.06; p=0.054). Conversely, M2
macrophage polarization, indicated by CD163 expression, was
significantly higher in periapical granulomas compared to radicular cysts
(42.12 £ 6.59 vs. 21.03 £ 3.43; p=0.020).

Conclusions: Macrophages play a significant role in the inflammatory
response of periapical lesions. The study found that M1 macrophages
were more prevalent in radicular cysts, while M2 macrophage expression
was significantly higher in periapical granulomas. This suggests distinct
macrophage polarization patterns between radicular cysts and periapical
granulomas.
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1. Introduction

Granulomas are aggregates of macrophages and other immune cells forming in response to persistent stimuli that
cannot be eradicated by individual macrophages (De Rosa et al., 2020). Periapical granuloma (PG) comprises
chronically inflamed granulation tissue and is the most common periapical lesion (Holzer-Geissler ef al., 2022).
Histologically, it includes granulation tissue with mixed inflammatory infiltrates, newly developed blood vessels,
and nerve fibers (Ruth et al., 2020). Bacterial toxins from necrotic pulp initiate local inflammatory responses,
leading to the release of cytokines and bone destruction (Kong et al., 2020). Radicular cysts, inflammatory
odontogenic cysts, make up a significant portion of cystic lesions in the jaw. They develop from cystic
degeneration of cell rests of Malassez due to inflammatory stimulation from necrotic pulp (Ye ef al., 2023).
Histologically, these cysts are lined by nonkeratinized stratified squamous epithelium, often infiltrated with
inflammatory cells (Keerthana, Sindhu and Deepak, 2020; Islam et al., 2023). Macrophages play crucial roles in
the immune response against chronic periapical lesions, participating in phagocytosis, inflammatory mediator
production, and lesion repair. They interact with cyst epithelium through cytokines like TNF-a, regulating bone
growth and resorption (Duque and Descoteaux, 2014; Shapouri-Moghaddam et al., 2018). Macrophages are
classified into M1 and M2 phenotypes. M1 macrophages produce reactive oxygen species and inflammatory
cytokines, while M2 macrophages release growth factors and immunosuppressive cytokines (Pérez and Rius-
Pérez, 2022; Strizova et al., 2023; Wang et al., 2023). The activation of classical and alternative complement
pathways leads to M1 and M2 polarization, respectively (Pérez and Rius-Pérez, 2022). TNF-a, primarily released
by M1 macrophages, regulates cystic epithelium and is a bone resorption modulator (Parameswaran and Patial,
2010; Parameswaran and Sonika, 2010). The initial phase of periapical inflammatory disease, known as acute
periapical periodontitis, is characterized by a persistent dull and throbbing pain. The affected tooth typically
exhibits a negative response to vitality testing, or in some cases, a delayed positive response (Igna et al., 2022).
Chronic periapical inflammatory disease is detected without any prior recollection of an acute phase. Most
periapical granulomas are asymptomatic, although pain and sensitivity can develop if there is an acute
exacerbation (MARTON and KISS, 1993; Franca et al, 2019). Periapical granulomas are characterized by
inflamed granulation tissue that is encased in a fibrous connective tissue wall. This granulation tissue typically
exhibits a variably dense infiltrate of lymphocytes, which is often intermixed with other cell types including
neutrophils, plasma cells, histiocytes, and less frequently, mast cells and eosinophils (Cilmiaty et al., 2020;
Cilmiaty, 2023). When a significant number of plasma cells are present, one may observe scattered eosinophilic
globules of gamma globulin, known as Russell bodies. Additionally, clusters of lightly basophilic particles,
referred to as pyronine bodies, may also be seen in association with the plasmacytic infiltrate. It is important to
note that these plasma cell products are not specific to periapical granulomas and can be found in any tissue
accumulation involving plasma cells (Sun ez al., 2023). Within the granulation tissue, epithelial rests of Malassez
may be identified. These are remnants of the Hertwig epithelial root sheath that can become involved in periapical
lesions. Furthermore, collections of cholesterol clefts, which are often accompanied by multinucleated giant cells,
as well as areas of red blood cell extravasation with hemosiderin pigmentation, may be present. Such features
indicate previous hemorrhage and subsequent breakdown of red blood cells (De Santa et al., 2019; Xue et al.,
2024). Occasionally, small foci of acute inflammation with focal abscess formation can be observed within the
granulation tissue. However, the presence of these foci does not necessarily warrant a diagnosis of a periapical

abscess, as they may not be sufficiently extensive to meet the criteria for such a diagnosis.
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Periapical cysts, also known as radicular or apical periodontal cysts, are true epithelium-lined cysts that typically
form at the apex of a nonvital tooth. These cysts develop when inflammation stimulates the epithelium at the apex.
The primary source of this epithelium is usually the epithelial rests of Malassez, but it can also originate from
crevicular epithelium, sinus lining, or the epithelial lining of sinus tracts (Barbosa et al., 2015; Gordon and
Pliiddemann, 2018). Periapical pocket cysts are characterized by an incomplete epithelial lining, where the apical
portion of the tooth extends into the cyst lumen. In contrast, periapical true cysts form a complete epithelium-
lined structure that is adjacent to, but separate from, the tooth apex. The lumen of the cyst is often filled with fluid
and cellular debris. The wall of the cyst is composed of dense fibrous connective tissue. The innate immune system
comprises both cellular and humoral components, with macrophages and neutrophils playing significant roles as
innate effectors and producers of humoral fluid-phase pattern recognition molecules. Macrophages are key players
in the innate immune response, responsible for the recognition and clearance of exogenous pathogens in infectious
diseases, and are integral to the regulation of the inflammatory response and the reparative process in many
diseases. They exhibit significant heterogeneity and plasticity, allowing them to adapt their phenotypes in response
to their microenvironment, which is illustrated by their classification into two polarized states: classically activated
(M1) and alternatively activated (M2) macrophages (Stashenko et al., 1994; Mantovani ef al., 2013; Jamiyan et
al., 2020; Sari, Ozdemir and Cilekar, 2022).

M1 macrophages, stimulated by interferon-gamma (IFN-y) and lipopolysaccharides (LPS), produce high levels
of inflammatory cytokines like interleukin-12 (IL-12) and interleukin-23 (IL-23) while releasing low levels of
interleukin-10 (IL-10), thereby promoting Thl responses and contributing to inflammatory autoimmune
pathologies. M1 macrophages also utilize inducible nitric oxide synthase (iNOS) to catabolize L-arginine into
nitric oxide (NO) and citrulline, enhancing their microbicidal capabilities. Conversely, M2 macrophages, which
are induced by interleukins IL-4 and IL-13, secrete high levels of IL-10 and low levels of IL-12 and IL-23,
facilitating wound healing, immune regulation, and promoting Th2 responses. M2 macrophages also induce
arginase 1, which metabolizes arginine into ornithine and polyamines essential for collagen synthesis and cellular
proliferation (Kong ef al., 2013; Labonte, Tosello-Trampont and Hahn, 2014; Parisi et al., 2018; Xue, Wang and
Han, 2023).

M2 macrophages, known for their anti-inflammatory roles, control the progress of efferocytosis and are involved
in tissue repair, fibrosis, and angiogenesis. Their ability to repolarize in response to changing local environments
enables them to shape the inflammatory milieu, contributing to their dual roles in both promoting and resolving
inflammation. This adaptability is crucial in chronic periapical lesions, where macrophages participate in
phagocytosis, inflammatory mediator production, and lesion repair. They interact directly with cyst epithelium
through cytokines like tumor necrosis factor-alpha (TNF-a), which regulate bone growth and resorption,
potentially explaining the immunological theory of radicular cyst formation. CD68 is a commonly used marker
for macrophages, with CD11c¢ identifying M1 macrophages and CD163 marking M2 macrophages. The complex
interplay of immune signals, tissue-derived factors, and macrophage activation states underscores the multifaceted
roles of macrophages in health and disease, highlighting their significant contributions to both the inflammatory
response and tissue repair in periapical lesions (Bolego et al., 2013; Watanabe ef al., 2019; Song et al., 2022;

Guha Ray et al., 2023; Papotti et al., 2023).
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2. Materials Subjects and Methods

The investigation was conducted on thirty formalin-fixed, paraffin-embedded blocks of 18 periapical granulomas
and 12 radicular cysts. These blocks were obtained from the archives of the Oral Pathology laboratory at the
College of Dentistry, Baghdad University. The samples were collected between 2012 and 2019. The
clinicopathological data, including age, gender, and lesion size, were extracted from the case sheets accompanying
the lesion specimens. The tissue specimens were fixed in a 10% neutral formalin solution and then processed into
normal paraffin blocks. Every specimen that was fixed in formalin and embedded in paraffin had consecutive
sections. For histopathological re-examination, a section measuring four micrometers in thickness was put on
clean glass slides from each block of the examined sample and the control group. The sections were then subjected
to routine Hematoxylin and Eosin staining (H&E). Three further sections, each measuring 4mm in thickness, were
affixed to positively charged microscope slides (AFCO) for immunohistochemical staining.
immunohistochemistry specificity is deemed affirmative when the immunohistochemistry brown stain is only
present in the selectively positive control tissue slides, as indicated by the manufacturer's datasheets, and is absent
in the negative control tissue slides. Each tissue section was examined under a 400X objective microscope. Five
fields were selected and visually assessed. The mean positive percentage for each case was then recorded. Both
pathologists blindly scanned all of the slides.

2.1.Statistical Analysis

The data was analyzed using the Statistical Package for Social Sciences (SPSS) version 25. The data is presented
in terms of the mean, standard deviation, and ranges. The data is categorized and given in the form of frequencies
and percentages. The continuous variables were compared using the Independent t-test and Analysis of Variance
(ANOVA) (two-tailed). The Receiver Operating Characteristic (ROC) curve analysis was employed to predict the

differentiation of preapical granuloma. A P-value below 0.05 was considered significant.

3. Results

3.1.Macrophage Marker Expression in Granulomas and Radicular Cysts

Thirty patients were enrolled in the present cross-sectional study; the results were expressed in mean plus minus
standard error of the mean (Mean + SE). Seventeen patients (56.7%) were males and 13 patients (43.3%) were
females, the mean patients’ age was 34.37 £ 2.95 years; fifteen patients were aged bellow 30 years and 15 patients

were equal or above 30 years as shown in Fig.1.
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Figure 1: Comparison of Demographic Features Between Patients with Granulomas and Radicular Cysts
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There is no significant difference between granulomas and radicular cysts concerning CD68 (46.27 £+ vs. 28.05 +

5.06; p=0.054) as presented in Table 1

Table 1: Comparison of CD68 Markers Between Granulomas and Radicular Cyst Lesions

Parameters
Granulomas lesion Radicular cyst lesion
(Mean + SE) N.=18 N.=12 p value
CD 68 46.27 £ 6.54 28.05 +5.06 0.054, NS
SE: Standard error; NS: Not significant (p> 0.05); S: Significant (p<0.05)

There were M1 (CD11c) higher in radicular cyst as compare to preapical granuloma but there were no significant

differences (25.45+ 4.11vs. 14.66 = 4.19; p=0.149) as presented in Table 2 and Fig.2.

Table 2: Comparison of CD11c Between Granulomas and Radicular Cyst Lesions

Parameters Granulomas lesion Radicular cyst lesion value
(Mean + SE) N.=18 N.=12 P
CD 11C 14.66 £ 4.19 25.45+4.11 0.149 NS

SE: Standard error; NS: Not significant (p> 0.05); S: Significant (p<0.05); F: Independent sample t test

"
- -~

b O

Figure 2: Membranous Expression of CD11c Immunohistochemical Marker (The
Black Arrow). A) With 10X, B) With 20X.

CD 163 expression was significantly higher among patients with granulomas as compare to patients with radicular

2L

cyst (42.12 £ 6.59 vs. 21.03 + 3.43; p=0.020) as presented in Table 4 and Fig3.

Table 3: Comparison of CD163 Between Granulomas and Radicular Cyst Lesions

Parameters Granulomas lesion Radicular cyst lesion alue
(Mean = SE) N.=18 N.=12 p valu
CD 163 42.12 + 6.59 21.03+3.43 0.020 S

SE: Standard error; NS: Not significant (p> 0.05); S: Significant (p<0.05).
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Figure 3: Cytoplasmic and Membranous Expression of CD136 Immunohistochemical

Marker (The Black Arrow). A) With 10X, B) With 20X.
3.2.CD 163 Expression as Predictor for Granulomas Diagnosis

Receiver Operative Characteristic curve (ROC curve) of CD163 had been used as a predictor of granulomas
lesions diagnosis, according to the results, the cut off value of CD 163 expression was > 26.5 with sensitivity =

72.2%, specificity = 75.0% and accepted area under the curve (AUC =0.731) as demonstrated in Table 4 and
Fig.4.

Table 4: ROC of CD163 Discriminatory Ability for Granulomas Diagnosis
ROC curve characteristics CD 163 expression
Cut off value (ng/ml) >26.5
Sensitivity % 72.2
Specificity % 75.0
Area under curve (AUC) 0.731
p value 0.034 S
S: Significant (p < 0.05)

Sensitivity

Figure 4: ROC Curve of CD163 Discriminatory Ability for Granulomas Diagnosis

Granulomas Lesions

T T
04 08 08

1 - Specificity

3.3.Correlations Among Immunohistochemistry Markers Among Patients with

There was a positive significant correlation between CD 68 with both CD11C (= 0.519 & p =0.027) and CD 163

expression (r= 0.966 & p<0.001), in addition to a positive significant correlation between CD 11C and CD 163
expression (r= 0.546 & p=0.019) as shown in Table 5.
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Table 5: Correlations Between Patient’s Age, Lesion Size & Immunohistochemistry Markers Among Patients

with Granulomas Lesions

Parameters | Statistics CD 68 CD 11C CD 163
r 1 0.519 0.966
CD 68 p value 0.027 S <0.001 S
r 0.519 1 0.546
CD11C p value 0.027 S 0.019 S
r 0.966 0.546 1
D163 p value <0.001 S 0.019 S
r: Pearson’s correlation coefficient; NS: Not significant (p>0.05); S:
Significant (p<0.05)

3.4.Correlations Between Immunohistochemistry Markers Among Patients with

Radicular Cyst Lesions
Patients with radicular cysts revealed a positive significant correlation between CD 68 and CD 11C (r=0.968 &

p<0.001), CD 68 and CD 163 (r=0.931 & p<0.001) and between CD 163 and CD 11C (1=0.914 & p<0.001) as

shown in Table 6.

Table 6: Correlations Between Patient’s Age, Lesions Size & Immunohistochemistry Markers Among Patients

with Radicular Cysts Lesions

Parameters | Statistics CD 68 CD 11C CD 163
r 1 0.968 0.931
€D 68 p value <0.001 S <0.001 S
r 0.968 1 0.914
CD1IC p value <0.001 S <0.001 S
r 0.931 0.914 1
CD 163 p value <0.001 S <0.001 S
r: Pearson’s correlation coefficient; NS: Not significant (p>0.05); S:
Significant (p<0.05)

4. Discussion

Chronic periapical lesions, such as periapical granuloma and radicular cyst, are characterized by the presence of
a plethora of immune cells, including macrophages, which are distributed throughout the connective tissue stroma
of these lesions. Macrophages are key immune cells that play a crucial role in modulating T cell responses. They
interact with stem cells and are involved in the control of tissue homeostasis, making them vital components in
the immune response to periapical lesions (Guo et al., 2018). Macrophages exhibit remarkable plasticity, enabling
them to polarize into distinct phenotypes such as M1 and M2, each contributing differently to the pathogenesis
and progression of periapical lesions. M1 macrophages, identified by CD11¢ markers, produce pro-inflammatory
cytokine, which are crucial for initiating and maintaining the inflammatory response. These cytokines effectively
destroy pathogens but also contribute to tissue damage (Coli¢ et al., 2009; Cavalla et al., 2021; Farahi, Sinha and
Lusis, 2021).

In current study There were no significant differences between patients with granulomas and radicular cysts
concerning mean ages (35.78 + 3.93 vs. 32.25 + 4.58; p=0.567) and their gender (p=0.880). That analog to the
result obtains by Pinheiro who found the mean age Odontogenic cysts was 31 years, there is a predominance of

cases affecting individuals in their third and fourth decades of life. These findings are possibly associated with the
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highest prevalence of untreated dental caries in young adults, leading to the development of periapical disease.
On the other hand, as observed by other authors, these lesions are rare among adults older than 60 years. This
probably occurs because tooth extraction, as an alternative to conventional endodontic treatment, is carried out
more frequently in the elderly than in younger patients (De Souza et al., 2010; Giovacchini et al., 2020).
Odontogenic cysts are one of the most common osseous-destructive lesions affecting the jaws. These cysts arise
from the epithelial components of the odontogenic apparatus or its remnants that lie entrapped within bone or in
the gingival tissue. Commonly, Odontogenic cysts exhibit slow growth and a tendency towards expansion (42)
In current study Lesions size was significantly higher among patients with radicular cysts than that of preapical
granuloma (5.07 &+ 1.35 vs. 0.94 = 0.21; p=0.048). That analoge to the result obtains by Laux, M. who found that
radicular cysts could be separated from periapical granulomas based on the high size of radicular cysts (more than
5.9 mm) (De Rosa et al., 2020).

Assessment of CD68 marker:

CD 68 is a highly glycosylated type I trans membrane glycoprotein that belong to the lysosome -associated
membrane protein family.CD 68 mostly expressed by monocyte linage and widely used to identify macrophage
in tissue sections as a pan-macrophage marker. CD68, the most extensively used macrophage marker, is expressed
on all macrophages, which does not allow for the discrimination between M1 and M2 macrophage subsets. In
crurrent study there is no significant difference between granulomas and radicular cysts concerning CD68 (46.27+
6.54 vs.28.05 £ 5.06; p=0.054). Yao Song et al (2022) also observed similar patterns of CD68 expression across
different periapical lesions, indicating that macrophages, marked by CD68, are present in both granulomas and
cysts but do not vary significantly in their levels. They noted that CD68 is crucial for phagocytosis and initial
inflammatory responses and these results could suggest that all macrophages found in RCs and PGs have similar
expression characteristics (De Souza et al., 2010; Labonte, Tosello-Trampont and Hahn, 2014; Malysheva et al.,
2021; Song et al., 2022).

Assessment of CD11c marker:

CDll1c is a type I trans membrane protein that is expressed on monocytes, granulocytes, a subset of B cells,
dendritic cells, and macrophages. CD11c is abundantly expressed in monocytes and macrophages. CDl11c is
marker that commonly used for M1 macrophage phenotype. However, some authors have also used CD11c as a
marker for dendritic cells. In current study the CD11C highest in radicular cyst than periapical granuloma (25.45
+4.11vs. 14.66 +4.19). this result is concurrent to the result found by Weber who found the radicular cysts showed
higher degree of M1 macrophage polarization than apical granulomas (Teixeira-Salum et al., 2010; De Carvalho
Fraga et al., 2013; Rigamonti et al., 2014; Lee et al., 2021; Malysheva et al., 2021).

The current study analyzes macrophage infiltration and putative markers of macrophage polarization
(proinflammatory M1) in apical granulomas, radicular cysts. The expression ratios of macrophage markers as
indicators of macrophage polarization in preapical granulomas, radicular cysts. Ratio of CD11c and CD68 cell
count as an indicator of M1 polarization. In current study M1 polarization higher in radicular cyst. These results
are consistent with previous studies regarding cytokine secretion. radicular cysts were characterized by high IFN-
gamma- and TNF-alpha expression which are M 1-associated cytokines. Accordingly, another study revealed high
expression of the M 1-associated cytokine [FN-gamma in radicular cysts and a predominance of the M2-associated

cytokine IL-4 in apical granulomas (Shabo and Svanvik, 2011; Yilmaz et al., 2022).
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A shift towards M1 polarization in the periapical inflammation could be the reason for the formation of radicular
cysts. Macrophages are known to execute their role in tissue homeostasis and remodeling by interacting with
stem cells in several ways. Macrophages can induce epithelial proliferation, remodel extracellular matrix, and
vascularization during organ development. One-way macrophages interact with stem cells is via the secretion of
cytokines and might contribute to the formation of radicular cysts in apical periodontitis. The higher levels of
infiltration of M1-like macrophages in RCs indicate that an aggressive state of RCs could be observed, more
proinflammatory cytokines might be secreted to the lesion area, and the activated osteoclasts in the apical region
of the affected teeth (Lin, Huang and Rosenberg, 2007; Shabo and Svanvik, 2011; Schmidt et al., 2016; Franga et
al.,2019).

Assessment of CD163 marker:

CD163 is a trans membrane receptor. It is a scavenger receptor for the haptoglobin-hemoglobin (Hp-Hb) complex
and is expressed by monocytes/macrophages. CD163 is expressed in the M2 macrophages and in tumor associated
macrophages. CD163 can also produce anti-inflammatory cytokines, scavenge the tumor necrosis factor-like weak
inducer of apoptosis, and recognize bacteria. The expression of CD163 is up regulated by the acute phase mediator
IL-6, glucocorticoids and IL-10 and is down regulated by IL-4, TGF-beta, interferone-gamma and by the
proinflammatory liposaccharide. It has been suggested that CDI163 is a differentiation antigen for
monocyte/macrophage. Macrophages have a higher expression of CD163 than monocytes indicating a maturation
process to phagocytic macrophages. CD163 is expressed in the M2 macrophages and in tumor associated
macrophages (Song ef al., 2022; Yin, Li and Hou, 2022).

In current study there was significantly higher CD 163 expression among patients with granulomas (42.12 £+ 6.59
vs. 21.03 £+ 3.43; p=0.020) this result similar to the result found by Weber who found that CD163-positive
macrophages were significantly more prevalent in periapical granulomas compared to radicular cysts. The study
emphasized that M2 macrophages (CD163-positive) play a crucial role in anti-inflammatory responses and tissue
repair, which aligns with the current study's findings. Weber found that apical granulomas showed high levels of
M2 cytokines TGF-beta and IL-10 and low quantities of pro-inflammatory cytokines, while radicular cysts were
characterized by high IFN-gamma- and TNF-alpha expression, which are M1-associated cytokines. Other study
found increased M1 macrophage polarization in RCs, whereas M2 polarization was more frequent in PGs,
concluded that the periapical tissue microenvironment may define the type of lesion to be developed, leading to a
specific macrophage subpopulation. As M2 macrophages are known to induce Treg development in a TGF-beta
dependent manner, this goes in line with the finding of current study that in apical granuloma, M2 macrophages
were more prevalent than in radicular cysts (Mantovani et al., 2013; Shapouri-Moghaddam et al., 2018).

It is assumed that apical periodontitis can progress from apical granulomas to radicular cysts. The proliferation of
epithelial cell rests of Malassez (ERM) is the essential process in formal pathogenesis. M2 macrophages, on the
other hand, are characterized by their ability to inhibit the cytotoxic and inflammatory functions of M1
macrophages, while also being involved in angiogenesis, anti-inflammatory effects, tissue repair and remodeling,
and fibrosis. As M2 macrophages are known to induce Treg development in a TGF-beta dependent manner, this
goes in line with the finding of current study that in periapical granuloma, M2 macrophages were more prevalent
than in radicular cysts. It is assumed that apical periodontitis can progress from apical granulomas to radicular
cysts. In this context, the proliferation of epithelial cell rests of Malassez (ERM) is the essential process in formal

pathogenesis (Stashenko et al., 1994; Mantovani et al., 2013; Gordon, Pliiddemann and Martinez Estrada, 2014;
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Kierdorf et al., 2015; Gordon and Martinez-Pomares, 2017; Gordon and Pliiddemann, 2017; Parisi ef al., 2018;
Wu and Hirschi, 2021).

5. Conclusions

The expression of M1 macrophage higher in radicular cyst as compare to periapical granuloma using cdllc
markers as an indicator of M1 polarization. M1 polarization higher in radicular cyst. A shift towards M1
polarization in the periapical inflammation could be the reason for the formation of radicular cysts. The
progression of an periapical granuloma to a radicular cyst is associated with an increased M1 polarization. The
proliferation of epithelial cell rests of Malassezia to form cystic lesions in radicular cysts might be induced by M1
macrophages. The expression of M2 macrophages in periapical granuloma significantly higher than that in

radicular cyst using CD136 markers as an indicator of M2 polarization.

References

Barbosa, N.G. et al. (2015) ‘Immunohistochemical study of macrophages subpopulations associated with
squamous cell carcinoma of the tongue, with and without metastasis’, Jornal Brasileiro de Patologia e Medicina
Laboratorial, 51(6). Available at: https://doi.org/10.5935/1676-2444.20150064.

Bolego, C. et al. (2013) ‘Macrophage function and polarization in cardiovascular disease a role of estrogen
signaling?’,  Arteriosclerosis, =~ Thrombosis, — and  Vascular  Biology, 33(6). Available at:
https://doi.org/10.1161/ATVBAHA.113.301328.

De Carvalho Fraga, C.A. ef al. (2013) ‘Thl and Th2-like protein balance in human inflammatory radicular cysts
and periapical granulomas’, Journal of Endodontics, 39(4). Available at:
https://doi.org/10.1016/j.joen.2012.11.054.

Cavalla, F. et al. (2021) ‘Determinants of Periodontal/Periapical Lesion Stability and Progression’, Journal of
Dental Research, 100(1). Available at: https://doi.org/10.1177/0022034520952341.

Cilmiaty, R. et al. (2020) ‘The nfkb expression on apical dental granuloma: An immunohistochemistry analysis’,
Clinical, Cosmetic and Investigational Dentistry, 12. Available at: https://doi.org/10.2147/CCIDE.S256284.
Cilmiaty, R. (2023) ‘The IFNy Expression In Periapical Dental Granuloma Immunopathobiogenesis’, Malaysian
Journal of Medicine and Health Sciences, 19.

Coli¢, M. et al. (2009) ‘Proinflammatory and immunoregulatory mechanisms in periapical lesions’, Molecular
Immunology. Available at: https://doi.org/10.1016/j.molimm.2009.01.011.

Duque, G.A. and Descoteaux, A. (2014) ‘Macrophage cytokines: Involvement in immunity and infectious
diseases’, Frontiers in Immunology. Available at: https://doi.org/10.3389/fimmu.2014.00491.

Farahi, L., Sinha, S.K. and Lusis, A.J. (2021) ‘Roles of Macrophages in Atherogenesis’, Frontiers in
Pharmacology. Available at: https://doi.org/10.3389/fphar.2021.785220.

Franga, G.M. de ef al. (2019) ‘Macrophages subpopulations in chronic periapical lesions according to clinical and
morphological aspects’, Brazilian Oral Research, 33. Available at: https://doi.org/10.1590/1807-3107BOR-
2019.VOL33.0047.

Giovacchini, F. et al. (2020) ‘Factors influencing the recurrence of keratocysts: Monocentric study’, Journal of
Oral Medicine and Oral Surgery, 26(1). Available at: https://doi.org/10.1051/mbcb/2019031.

Gordon, S. and Martinez-Pomares, L. (2017) ‘Physiological roles of macrophages’, Pflugers Archiv European
Journal of Physiology. Available at: https://doi.org/10.1007/s00424-017-1945-7.

Gordon, S. and Pliddemann, A. (2017) ‘Tissue macrophages: Heterogeneity and functions’, BMC Biology.
Available at: https://doi.org/10.1186/s12915-017-0392-4.

Gordon, S. and Pliilddemann, A. (2018) ‘Macrophage clearance of apoptotic cells: A critical assessment’, Frontiers
in Immunology. Available at: https://doi.org/10.3389/fimmu.2018.00127.

Gordon, S., Pliiddemann, A. and Martinez Estrada, F. (2014) ‘Macrophage heterogeneity in tissues: Phenotypic
diversity and functions’, Immunological Reviews, 262(1). Available at: https://doi.org/10.1111/imr.12223.

Guha Ray, A. et al. (2023) ‘The diverse roles of macrophages in metabolic inflammation and its resolution’,
Frontiers in Cell and Developmental Biology. Available at: https://doi.org/10.3389/fcell.2023.1147434.

Guo, L. ef al. (2018) ‘CD163+ macrophages promote angiogenesis and vascular permeability accompanied by
inflammation in  atherosclerosis’, Journal of Clinical Investigation, 128(3). Available at:
https://doi.org/10.1172/JC193025.

Holzer-Geissler, J.CJ. et al. (2022) ‘Article The Impact of Prolonged Inflammation on Wound Healing’,
Biomedicines, 10(4). Available at: https://doi.org/10.3390/biomedicines10040856.

133



Igna, A. et al. (2022) ‘A Diagnostic Insight of Dental Pulp Testing Methods in Pediatric Dentistry’, Medicina
(Lithuania). Available at: https://doi.org/10.3390/medicina58050665.

Islam, R. et al. (2023) ‘Direct pulp capping procedures — Evidence and practice’, Japanese Dental Science Review.
Available at: https://doi.org/10.1016/].jdsr.2023.02.002.

Jamiyan, T. et al. (2020) ‘CD68- and CD163-positive tumor-associated macrophages in triple negative cancer of
the breast’, Virchows Archiv, 477(6). Available at: https://doi.org/10.1007/s00428-020-02855-z.

Keerthana, T., Sindhu, R. and Deepak, S. (2020) ‘Comparative analysis of the success rate of direct and indirect
pulp capping procedures-a retrospective analysis’, International Journal of Research in Pharmaceutical Sciences,
11(Special Issue 3). Available at: https://doi.org/10.26452/ijrps.v11iSPL3.3515.

Kierdorf, K. et al. (2015) ‘Development and function of tissue resident macrophages in mice’, Seminars in
Immunology. Available at: https://doi.org/10.1016/j.smim.2016.03.017.

Kong, C. et al. (2020) ‘The expression and meaning of CD68, CD163, CD57, and IgG4 in granulomatous lobular
mastitis’, Gland Surgery, 9(4). Available at: https://doi.org/10.21037/gs-20-419.

Kong, L.Q. et al. (2013) ‘The Clinical Significance of the CD163+ and CD68+ Macrophages in Patients with
Hepatocellular Carcinoma’, PLoS ONE, 8(3). Available at: https://doi.org/10.1371/journal.pone.0059771.
Labonte, A.C., Tosello-Trampont, A.C. and Hahn, Y.S. (2014) ‘The role of macrophage polarization in infectious
and inflammatory diseases’, Molecules and Cells. Available at: https://doi.org/10.14348/molcells.2014.2374.
Lee, J.W. et al. (2021) ‘The role of macrophages in the development of acute and chronic inflammatory lung
diseases’, Cells. Available at: https://doi.org/10.3390/cells10040897.

Lin, L.M., Huang, G.T.J. and Rosenberg, P.A. (2007) ‘Proliferation of Epithelial Cell Rests, Formation of Apical
Cysts, and Regression of Apical Cysts after Periapical Wound Healing’, Journal of Endodontics, 33(8). Available
at: https://doi.org/10.1016/j.joen.2007.02.006.

Malysheva, L.E. ef al. (2021) ‘Macrophage polarization in sarcoidosis’, Medical Immunology (Russia). Available
at: https://doi.org/10.15789/1563-0625-MPI-2083.

Mantovani, A. et al. (2013) ‘Macrophage plasticity and polarization in tissue repair and remodelling’, Journal of
Pathology. Available at: https://doi.org/10.1002/path.4133.

MARTON, 1.J. and KISS, C. (1993) ‘Characterization of inflammatory cell infiltrate in dental periapical lesions’,
International Endodontic Journal, 26(2). Available at: https://doi.org/10.1111/j.1365-2591.1993.tb00555.x.
Papotti, B. et al. (2023) ‘Macrophage polarization markers in subcutaneous, pericardial, and epicardial adipose
tissue are altered in patients with coronary heart disease’, Frontiers in Cardiovascular Medicine, 10. Available
at: https://doi.org/10.3389/fcvm.2023.1055069.

Parameswaran, N. and Patial, S. (2010) ‘Tumor Necrosis Factor-a. Signaling in Macrophages Narayanan’,
Advances in Global Change Research, 39.

Parameswaran, Narayanan. and Sonika, P. (2010) ‘Tumor Necrosis Factor-a signalling in Macrophages’,
Advances in Global Change Research, 39(2).

Parisi, L. et al. (2018) ‘Macrophage Polarization in Chronic Inflammatory Diseases: Killers or Builders?’, Journal
of Immunology Research. Available at: https://doi.org/10.1155/2018/8917804.

Pérez, S. and Rius-Pérez, S. (2022) ‘Macrophage Polarization and Reprogramming in Acute Inflammation: A
Redox Perspective’, Antioxidants. Available at: https://doi.org/10.3390/antiox11071394.

Rigamonti, E. et al. (2014) ‘Macrophage plasticity in skeletal muscle repair’, BioMed Research International.
Available at: https://doi.org/10.1155/2014/560629.

De Rosa, C.S. et al. (2020) ‘Differentiation of periapical granuloma from radicular cyst using cone beam
computed tomography images texture analysis’, Heliyon, 6(10). Available at:
https://doi.org/10.1016/j.heliyon.2020.e05194.

Ruth, D. et al. (2020) ‘Role of Cluster of Differentiation 163 in Diabetes-Periodontitis Interplay’, Cureus
[Preprint]. Available at: https://doi.org/10.7759/cureus.8523.

De Santa, F. et al. (2019) ‘The Role of Metabolic Remodeling in Macrophage Polarization and Its Effect on
Skeletal Muscle Regeneration’, Antioxidants and  Redox Signaling. Available at:
https://doi.org/10.1089/ars.2017.7420.

Sari, S., Ozdemir, C. and Cilekar, M. (2022) ‘The relationship of tumour-associated macrophages (CD68, CD163,
CDl11c) and cancer stem cell (CD44) markers with prognostic parameters in breast carcinomas’, Polish Journal
of Pathology, 73(4). Available at: https://doi.org/10.5114/pjp.2022.125424.

Schmidt, A. et al. (2016) ‘Human macrophages induce CD4 + Foxp3 + regulatory T cells via binding and re-
release of TGF-B’°, Immunology and Cell Biology, 94(8). Available at: https://doi.org/10.1038/icb.2016.34.
Shabo, I. and Svanvik, J. (2011) ‘Expression of macrophage antigens by tumor cells’, Advances in Experimental
Medicine and Biology, 950. Available at: https://doi.org/10.1007/978-94-007-0782-5 7.

Shapouri-Moghaddam, A. et al. (2018) ‘Macrophage plasticity, polarization, and function in health and disease’,
Journal of Cellular Physiology. Available at: https://doi.org/10.1002/jcp.26429.

Song, Y. et al. (2022) ‘Macrophages in periapical lesions: Potential roles and future directions’, Frontiers in
Immunology. Available at: https://doi.org/10.3389/fimmu.2022.949102.

134



De Souza, L.B. et al. (2010) ‘Odontogenic cysts: Demographic profile in a Brazilian population over a 38-year
period’,  Medicina  Oral,  Patologia  Oral y  Cirugia  Bucal, 15(4). Available at:
https://doi.org/10.4317/medoral.15.e583.

Stashenko, P. et al. (1994) ‘Pathogenesis of induced rat periapical lesions’, Oral Surgery, Oral Medicine, Oral
Pathology, 78(4). Available at: https://doi.org/10.1016/0030-4220(94)90044-2.

Strizova, Z. et al. (2023) ‘M1/M2 macrophages and their overlaps - myth or reality?’, Clinical Science. Available
at: https://doi.org/10.1042/CS20220531.

Sun, Y. et al. (2023) ‘M2pep-Modified Cyclodextrin-siRNA Nanoparticles Modulate the Immunosuppressive
Tumor Microenvironment for Prostate Cancer Therapy’, Molecular Pharmaceutics, 20(11). Available at:
https://doi.org/10.1021/acs.molpharmaceut.3c00769.

Teixeira-Salum, T.B. et al. (2010) ‘Distinct Th1, Th2 and Treg cytokines balance in chronic periapical granulomas
and radicular cysts’, Journal of Oral Pathology and Medicine, 39(3). Available at: https://doi.org/10.1111/.1600-
0714.2009.00863.x.

Wang, L. et al. (2023) ‘The role of immunometabolism in macrophage polarization and its impact on acute lung
injury/acute  respiratory  distress  syndrome’,  Frontiers in  Immunology.  Available  at:
https://doi.org/10.3389/fimmu.2023.1117548.

Watanabe, S. et al. (2019) ‘The role of macrophages in the resolution of inflammation’, Journal of Clinical
Investigation. Available at: https://doi.org/10.1172/JC1124615.

Wu, Y. and Hirschi, K.K. (2021) ‘Tissue-Resident Macrophage Development and Function’, Frontiers in Cell
and Developmental Biology. Available at: https://doi.org/10.3389/fcell.2020.617879.

Xue, C. et al. (2024) ‘Reactive oxygen species (ROS)-mediated M1 macrophage-dependent nanomedicine
remodels inflammatory microenvironment for osteoarthritis recession’, Bioactive Materials, 33. Available at:
https://doi.org/10.1016/j.bioactmat.2023.10.032.

Xue, Y., Wang, M. and Han, H. (2023) ‘Interaction between alveolar macrophages and epithelial cells during
Mycoplasma pneumoniae infection’, Frontiers in Cellular and Infection Microbiology. Available at:
https://doi.org/10.3389/fcimb.2023.1052020.

Ye, L. et al. (2023) ‘Interaction between apical periodontitis and systemic disease (Review)’, Infernational
Journal of Molecular Medicine. Available at: https://doi.org/10.3892/ijmm.2023.5263.

Yilmaz, M. et al. (2022) ‘Tissue Levels of CD80, CD163 and CD206 and Their Ratios in Periodontal and Peri-
Implant Health and Disease’, Current Issues in Molecular Biology, 44(10). Available at:
https://doi.org/10.3390/cimb44100321.

Yin, L., Li, X. and Hou, J. (2022) ‘Macrophages in periodontitis: A dynamic shift between tissue destruction and
repair’, Japanese Dental Science Review. Available at: https://doi.org/10.1016/].jdsr.2022.10.002.

135



