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Histological and immunohistochemical 2

analysis of human periapical lesions: a study
of TGF-B1 and CD68 markers
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Abstract

Background Various inflammatory and anti-inflammatory mediators, along with diverse cell types, are implicated
in the development and progression of periapical lesions. This work aimed to assess the immuno-expression of
transforming growth factor-beta 1 (TGF-31) and CD68 (a macrophage marker), elucidating their roles and potential
correlations. Additionally, histological analysis was conducted to evaluate the intensity of inflammatory infiltrates in
chronic periapical lesion samples.

Methods Tissue samples from fifty individuals with chronic periapical lesions [25 radicular cysts (RCs) and 25
periapical granulomas (PGs)] were obtained, along with control samples from four healthy third molars’dental pulp.
Histological examination and inflammatory infiltrate categorization were performed. Immunohistochemical analysis
of TGF-B1 and CD68 markers, along with morphometric assessment, were conducted.

Results The control group displayed normal, inflammation-free pulp tissues, while intense inflammation was
observed in PGs and RCs (Score 4 and 3, respectively) dominated by macrophages, plasma cells, and lymphocytes.
Immunohistochemistry showed higher TGF-31 and CD68 expression in PGs and RCs versus control (P<0.001).
Moreover, PGs exhibited greater TGF-1 and CD68 expression than RCs (P<0.001). However, a negative relationship
was detected between the 2 markers (P <0.05).

Conclusions This study highlighted varying expressions of TGF-31 and CD68 in PGs and RCs, indicating their
potential roles in lesion pathology. However, a negative correlation between these markers was observed.
Accordingly, their precise role in periapical lesion progression and repair requires further investigation.

Keywords Radicular cyst, Periapical granuloma, Immunohistochemistry, Inflammation, Macrophages

*Correspondence:

Nermeen AbuBakr

nermeen.abubakr@dentistry.cu.edu.eg

Oral Biology Department, Faculty of Dentistry, Cairo University, Cairo,
Egypt

’Department of Endodontics, Faculty of Dentistry, Cairo University, Cairo,
Egypt

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2962-0070
http://orcid.org/0000-0002-2273-3438
http://orcid.org/0000-0002-3562-1099
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-025-05845-2&domain=pdf&date_stamp=2025-4-10

AbuBakr et al. BMC Oral Health (2025) 25:526

Introduction

Periapical lesions, specifically apical periodontitis (AP),
represent the most common pathological conditions
associated with untreated or inadequately managed
endodontic treatments [1]. The development of chronic
root canal infections triggers a complex inflammatory
response that results from both microbial infection and
an immunological defense reaction aimed at safeguard-
ing against the spread of infectious agents [2, 3].

Histological analysis has long served as the benchmark,
enabling the definitive characterization of the clinical
manifestations of AP from lesions of alternative origins
[4]. Periapical lesions are commonly categorized based
on their morphology, radiographic extent, and clini-
cal presentations, primarily grouping into three distinct
categories: periapical abscesses, periapical granulomas
(PGs), and radicular cysts (RCs) [5]. Periapical abscesses
are characterized by pus formation due to altered cel-
lular processes triggered by an acute infection, whereas
PGs comprise granulation tissue containing inflamma-
tory cells and fibroblasts. A widely discussed hypoth-
esis suggests that PGs may transform into RCs through
stimulation of Malassez epithelial remnants by the body’s
immune response [3, 6].

Despite significant progress in understanding the
pathogenesis of periapical lesions, notable gaps remain
regarding the molecular mechanisms that drive their
formation and progression [7, 8]. The inflammatory
response within root canals involves a highly coordinated
signaling cascade that integrates the immune system’s
reactions with microbial activity within the infected tis-
sues [9, 10].

Transforming growth factor-beta 1 (TGF-B1) is a mul-
tifunctional cytokine secreted by numerous cell types,
including platelets, fibroblasts, macrophages, and inflam-
matory cells. It plays a vital role in a wide range of cellular
and immune functions, including regulation of inflamma-
tory responses [11, 12]. Known for its dual immunomod-
ulatory roles, TGF-B1 can act as both a pro-inflammatory
and anti-inflammatory mediator, depending on the sig-
naling pathways it activates [13]. It has been implicated in
periapical disease pathology [14, 15]; however, its precise
role in lesion development remains poorly understood [8,
10]. Previous studies on TGF-B1 expression in periapical
lesions have reported inconsistent findings, particularly
regarding its levels in PGs and RCs, underscoring the
need for further research [10, 16, 17].

Macrophages are central to orchestrating immune
responses in periapical lesions, producing inflammatory
mediators when encountering bacterial infections in root
canals [18]. They play a critical role in both initiating and
sustaining chronic inflammatory processes and serve
as a first line of defense in combating microbial inva-
sion [18, 19]. Additionally, macrophages secrete matrix
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metalloproteinases, which modulate inflammatory pro-
cesses by activating pro-inflammatory and immunoregu-
latory mediators, including TGF-f1 [20].

CD68, a widely used marker for macrophages, is essen-
tial for understanding the extent and nature of macro-
phage-mediated inflammation in periapical lesions [21].
Although the role of CD68 has been studied in various
oral conditions, its differential expression in PGs and
RCs, as well as its correlation with other inflammatory
mediators such as TGF-B1, remains underexplored [8].

Thus, this study aimed to investigate the immuno-
expression of TGF-f1 and CD68 in PGs and RCs and to
examine their correlation—an aspect previously unex-
plored. Comparative data on the immuno-expression
of these key inflammatory mediators remain limited,
and the specific interactions between these markers and
their roles in disease progression are not fully under-
stood. Understanding how these markers shape the dis-
tinct inflammatory microenvironments of these lesions
is essential for elucidating their contributions to disease
progression and transformation.

Materials and methods

Tissue samples

A total of 25 human RCs and 25 human PGs were
obtained for this study. The patients were randomly
selected from those visiting the Endodontics department
at the Faculty of Dentistry, Cairo University, for periapi-
cal surgery due to chronic periapical lesions that did not
heal with routine endodontic therapy. Clinical and radio-
logical examinations were conducted on the affected
teeth. The study population included both genders (males
and females), age ranging from 20 to 40 years, free from
systemic disease, no pregnancy and receiving no medi-
cation as verified by a comprehensive medical history.
Information concerning the patients’ demographics (gen-
der and age) and their clinical characteristics (anatomical
location, symptoms, and radiographic results) was gath-
ered along with biopsy records. The control group com-
prised healthy dental pulp acquired from four individuals
requiring surgical removal of sound third molars. These
tissues exhibited no signs of inflammation and served as
control specimens. Dental pulp, being a connective tissue
with unique characteristics compared to other oral tis-
sues, allows for a clear comparison of the inflammatory
markers in periapical lesions without pre-existing inflam-
matory conditions [22].

Diagnosis of periapical lesions was made based on both
histopathologic and clinical assessments. RCs were iden-
tified by the following criteria: (1) Existence of a lesion
situated periapical to a non-vital tooth (2) Identification
of a cavity containing fluid or semifluid during surgical
exploration (3) Histological confirmation of nonkera-
tinizing stratified squamous epithelium either partially
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or entirely lining a cystic cavity or tissue samples. On the
other hand, PGs consisted of granulomatous tissue con-
taining numerous infiltrating inflammatory cells such as
lymphocytes, macrophages, polymorphonuclear leuko-
cytes, and plasma cells, without the presence of epithelial
cells.

The biopsies of periapical lesions were excised and sub-
sequently fixed in a 10% neutral formalin solution. They
were then dehydrated using increasing concentrations
of ethyl alcohol and cleared in xylene. After processing,
the tissues were embedded in fresh paraffin wax and
sectioned to a thickness of four microns. These sections
underwent the following procedures:

Histological examination

Hematoxylin and Eosin staining was carried out to exam-
ine the histological features of the specimens and to eval-
uate the degree of inflammatory infiltration.

Morphological analysis

The severity of the inflammatory infiltrates was assessed
using quantitative score-based method. Quantitative
assessment of inflammatory cells was conducted in ten
distinct areas of histological sections at x 400 magnifi-
cation. The inflammatory reaction was graded based on
the abundance and distribution of inflammatory cells
within the field using a four-point scoring system: Score
1 revealed few or no inflammatory cells (lack of reaction),
score 2 corresponded to fewer than 25 cells (mild reac-
tion), score 3 represented 25-125 cells (moderate reac-
tion), and score 4 corresponded to more than 125 cells
(severe reaction). All scoring was conducted by a blinded
examiner to maintain objectivity and reduce bias [23, 24].

Immunohistochemical examination

After deparaffinization, the sections were cleaned in
phosphate buffer saline (PBS) and submitted to antigen
retrieval using citrate buffer, PH 6.0. To suppress endog-
enous peroxidases, the samples were subjected to hydro-
gen peroxide. Non-specific background staining was
eliminated by incubation in bovine serum albumin. The
sections were incubated with an anti-TGF-p (monoclonal
mouse anti-human TGF-f, clone TB21, 1:1000 dilution,
AbD Serotec, Albedo, Romania— code MCA797T) and
anti-CD68 (monoclonal mouse anti-human CD68, clone
KP1, 1:200 dilution, DAKO, Carpinteria, CA, USA- code
MO0814) primary antibodies at room temperature for an
hour. Following a buffer wash, the sections were subse-
quently incubated with biotinylated secondary antibod-
ies (DAKO- code K0492) for an additional 30 min, after
which they were washed. Diaminobenzidine solution was
utilized as a chromogen. Mayer’s hematoxylin was uti-
lized as a counterstain and the negative controller in use
was PBS.
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Morphometric analysis

Interpretation of the immuno-stained sections was per-
formed using an image analyzer computer system with
the software Leica Quin 500 (Leica Microsystem, Swit-
zerland) to assess the area percentage of the immuno-
staining. Tissue sections were analyzed using a light
microscope (100x magnification) to recognize regions
containing immunoreactive cells, and the chosen fields
were then examined at 400x magnification. Areas with
immunoreactive cells were analyzed in 10 indicative and
successive microscopic fields in various sites. Statistical
analysis of the obtained data from the computer image
analyzer was done to compare the mean area percentage
values between the control and experimental groups.

Statistical analysis

The recorded data from the image analyzer underwent
statistical analysis, and the results were summarized as
means and standard deviations. Data was examined for
normality, using the Kolmogorov—Smirnov test. The
results indicated normally distributed (parametric) data;
therefore, the ANOVA test was employed comparing the
three groups for each marker. Subsequently, Post Hoc
Tukey test was used for pairwise comparisons. The level
of significance was established at p<0.05. Additionally,
demographic and clinical aspects in the study population
of PGs and RCs were assessed using the Fisher test, while
age-related differences were performed using T- test.
Non-parametric data in morphological analysis score
were performed using Kruskal-Wallis-test. Pearson’s cor-
relation coefficient was used to analyze correlations.

Results

Demographic data

An examination of all cases of PGs revealed an increased
incidence in females (#=19; 76%), mean age range
25.5+5, patients who were asymptomatic (n=17; 68%),
had radiolucencies (n=25; 100%), with a lesion size of
<1 cm (n=21, 84%), and anatomic location in the ante-
rior maxilla (n=18; 72%). The 25 RCs were more com-
mon in males (n=13; 52%), mean age range 32.5+4.77.
The individuals who had no symptoms (n=20; 80%).
Regarding the anatomical position and radiographic
appearance, radiolucency was seen in all cases (100%)
with a lesion size of 21 cm (n=19, 76%), primarily in
the maxilla’s anterior region (n=16; 64%). The only sig-
nificant distinctions were detected in mean age range and
lesion size (P<0.001) (Table 1).

Histopathological results

According to histopathology, the control group revealed
normal and healthy pulp tissues. There was no evidence
of inflammatory cell infiltration or capillary prolifera-
tion (Fig. 1a and d). On the other hand, the RCs appeared
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Table 1 Demographic data and clinical presentation of the study population of PGs and RCs
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Parameter PGs RCs p-value
Total cases 25 25
Gender Male N 6 Male N 13 0.0792
% 24% % 52%
Female N 19 Female N 12
% 76% % 44%
Age Mean +SD 255+5 Mean+SD 32.5+4.77 <0.001*
Symptoms Asymptomatic N 17 Asymptomatic N 20 0.52
% 68% % 80%
Symptomatic N 8 Symptomatic N 5
% 32% % 20%
Anatomic Location Anterior maxilla N 18 Anterior maxilla N 16 0.762
% 72% % 64%
Other N 7 Other N 9
% 28% % 36%
Lesion size >1cm N 4 >1cm N 19 <0.001*
% 16% % 76%
<lcm N 21 <lcm N 6
% 84% % 24%
Clinical variables are presented as numbers and percentages. * Significant at p-value <0.05
Control Cyst Granuloma
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Fig. 1 Representative histological photomicrographs using H&E staining. a, d. Healthy pulp tissues showing normal histology without any noticeable
inflammatory cell infiltration. b, e. Radicular cyst revealing numerous inflammatory cell infiltration (orange arrows) & thin-walled dilated blood vessels (red
arrows). ¢, f. Periapical granuloma displaying numerous inflammatory cell infiltration (orange arrows), fibroblasts (blue arrows) & plasma cells (red arrows)

(a-c Orig. Mag. x 100; d-f Orig. Mag. x 400)

covered with a layer of nonkeratinized stratified squa-
mous epithelium. This layer was connected to inflam-
matory fibrous connective tissue and a large infiltration
of inflammatory cells. It displayed angiotelectasis along
with extensive vascular hypertrophy and dilatation. Due
to inflammatory hyperplasia, the luminal epithelium
had a “looped and arcaded” appearance (Fig. 1b and e).
Whereas the PGs were made up of granulation tissue that

was inflamed and had intense inflammatory infiltrates.
Macrophages, plasma cells, and lymphocytes made up
most of the inflammatory cell infiltration (Fig. 1c and f).

Morphological analysis results

Morphological analysis revealed the pulp tissues with no
reaction with a median score of 1. However, distinct pat-
terns of inflammatory response were observed between
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RCs and PGs. RCs showed moderate inflammatory reac-
tions with a median score of 3, whereas PGs predomi-
nantly exhibited severe inflammatory reactions with a
median score of 4. Statistical analysis done using Krus-
kal-Wallis-test showed a significant variation between
groups (p<0.001).

Immunohistochemical results

Intensive staining for TGF-f1 and CD68 was detected in
every sample of both RCs and PGs (Figs. 2b, e, c and fand
3b, e, c and f). Additionally, epithelial cells in RCs exhib-
ited positive expression for TGF-B1 and CD68 (Figs. 2b
and e and 3b and e). In contrast, healthy dental pulp tis-
sues showed limited expression of TGF-f1 and CD68
(Figs. 2a and d and 3a and d).

Morphometric analysis results
The area percentage of immunohistochemical staining
in the lesions was quantified. Statistical analysis using
ANOVA showed a significant disparity in all groups
(P<0.001). Multiple pairwise comparisons among groups
demonstrated a significant elevation in both TGF-B1
and CD68 levels in RCs and PGs compared to the con-
trol group (normal pulp tissue) (P<0.001). Furthermore,
TGEF-B1 and CD68 expression in PGs was significantly
elevated than RCs (P<0.001) (Table 2).

Pearson’s correlation among the examined mark-
ers in the granuloma and cyst groups revealed a
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negative correlation present among TGF-B1 and CD68
(r = -0.8803, p<0.05; r = -0.1389, p<0.05, respectively)
(Table 3).

Discussion
A histological analysis of periapical lesions is essential
for evaluating clinical symptoms and radiographic signs,
confirming periapical periodontitis diagnosis, and differ-
entiating it from lesions that are not caused by inflamma-
tion [4].

In the herein study, healthy pulp tissue was chosen as
a control due to challenges in obtaining periodontal liga-
ment (PDL) tissues. Dental pulp tissues were deemed
appropriate as they influence both inflammatory and
healing processes, similar to PDL [22]. This methodologi-
cal approach aligned with Zhu et al. [25]. Notably, several
studies have excluded control groups entirely [26, 27].
While both approaches are valid, using pulp tissue as a
control provides a practical and meaningful reference.

Histopathological examination of PGs and RCs in the
current investigation revealed their typical histologi-
cal pattern. Granulomas appeared as localized masses
of chronic inflammatory tissue [28], whereas cysts were
characterized by cystic formations with varying degrees
of cell infiltration in their linings [29]. Additionally, both
PGs and RCs exhibited severe inflammatory infiltra-
tion, consistent with previous findings emphasizing their
inflammatory nature [30, 31].

Granuloma

\ ﬂ. weTT =} "
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Fig. 2 Representative photomicrographs of immunohistochemical staining of TGF-31. a, d. weak staining in healthy pulp tissue; b, e. intense staining in
radicular cyst; ¢, f. intense staining in periapical granuloma (a-c Orig. Mag. x 100; d-f Orig. Mag. x 400)
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Fig. 3 Representative photomicrographs of immunohistochemical staining of CD68 + cells. a, d. weak staining in healthy pulp tissue; b, e. intense stain-
ing in radicular cyst; ¢, f. intense staining in periapical granuloma (a-c Orig. Mag. x 100; d-f Orig. Mag. x 400)

Table 2 Mean+standard deviation of area percentage for TGF-
31 and CD68 among studied groups

Groups Number TGF-B1 CD68
Mean+SD Mean+SD
Control 4 0.142£0.057 ¢ 0.148+0.066 ¢
RCs 25 2543+1335b 11.938+1.136 b
PGs 25 52.75£1369a 1715+1.016a
P-value <0.001* <0.001*

* Significant difference between all groups using ANOVA at p-value <0.05

Means sharing different letters in the same column are statistically significant
from each other using post hoc Tukey’s test. All Post-HOC Tukey'’s tests showed
statistically significant difference (P<0.001)

Table 3 Correlation between the immunoexpression of both
studied markers in the granuloma and cyst groups

Variable PGs RCs
CD68 TGF-B1 CD68 TGF-B1
CD68 r 1.00 -0.8803 1.00 -0.1389
p-value <0.05* . <0.05*
N 25 25 25 25
TGF-B1 r -0.8803 1.00 -0.1389 1.00
p-value <0.05* <0.05*
N 25 25 25 25

r: correlation coefficient *Significant difference at p-value <0.05

The higher inflammatory cell infiltration observed in
PGs compared to RCs can be attributed to the differing
biological mechanisms underlying these lesions. Granu-
lomas are active immune response to persistent stimuli,
characterized by intense recruitment of macrophages,
lymphocytes, and multinucleated giant cells. In contrast,

RCs represent more stable lesions with localized inflam-
matory responses, primarily involving lymphocytes and
plasma cells at the lesion’s periphery [32, 33].

TGEF-P1 was investigated in this study due to its rec-
ognized role in both granulomas and cysts, suggesting
its potential as a molecular marker for predicting peri-
apical lesion healing [34]. The present work revealed
significantly higher TGF-p1 expression in periapical
lesions compared to normal pulp tissue, with PGs show-
ing greater expression than RCs. This result corroborated
findings by Alvares et al. [10], Marcal et al. [16], and Teix-
eira-Salum et al. [17].

Elevated TGF-B1 expression in PGs may reflect the
unique immune and inflammatory microenvironments
of these lesions. The persistent inflammatory activity in
PGs likely drives increased TGF-PB1 expression, contrib-
uting to immune regulation and tissue repair. Addition-
ally, TGE-B1’s role in fibrosis and collagen deposition
aligns with the granulomatous features of PGs [35, 36].
Conversely, the milder inflammatory activity in RCs may
account for their relatively lower TGF-B1 expression [10,
37].

Macrophages serve as the predominant immune cells
found in periapical lesions, infiltrating the tissue during
its early stages [38]. In this work, the identification of
CD68, a widely used macrophage marker, highlighted the
essential role of macrophages in the pathophysiology of
PGs and RCs.

In the herein study, CD68 was notably elevated in both
PGs and RCs compared to normal pulp tissue, consistent
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with prior research [16, 39, 40]. Furthermore, previous
research reported high CD68 + cell density in regions of
active inflammation, such as the center of PGs and sub-
epithelial zones of RCs [18, 41].

The higher number of CD68+macrophages in PGs
compared to RCs aligned with de Farias et al. [27], who
reported similar findings. This increase may reflect mac-
rophages’ critical roles in phagocytosis, immune activa-
tion, antigen presentation, and tissue remodeling—all
processes characteristic of granulomas [42, 43].

However, some studies reported no significant differ-
ences in CD68+cell expression between PGs and RCs
[39, 44, 45], while Bracks et al. [41] documented higher
macrophage counts in RCs. These discrepancies could
stem from variations in experimental design, including
antibody selection, staining protocols, and tissue prepa-
ration techniques.

Demographic data from this study were consistent with
previous epidemiological research [10, 46—48]. Notably,
smaller PGs exhibited higher marker expression levels
compared to larger RCs, a finding supported by Francga
et al. [31] who reported higher CD68 immunoexpres-
sion in smaller cysts and lower expression in larger cysts.
Similarly, since TGF-P1 is secreted by macrophages, this
might explain its higher expression in PGs regardless of
lesion size. However, some studies have linked TGF-$1
levels to lesion size, attributing increased expression to
heightened cell activation or density in larger lesions [34].

Most lesions in the current work were asymptomatic
but exhibited varying levels of marker expression. This
aligned with previous research [10, 14, 49] showing ele-
vated TGF-f1 and other immunoregulatory cytokines
in asymptomatic lesions, suggesting a role of these cyto-
kines in tissue homeostasis and inflammation modula-
tion. Similarly, Azeredo et al. [45] reported no significant
differences in macrophage percentages between symp-
tomatic and asymptomatic lesions.

In terms of clinical significance, these findings empha-
size that periapical lesions often exhibit overlapping
clinical features, complicating accurate diagnosis. There-
fore, clinicians should prioritize histopathological evalua-
tion to ensure reliable diagnosis and informed treatment
planning.

In the current analysis, TGF-f1 and CD68 showed a
negative correlation in both PGs and RCs, despite theo-
retical associations reported in the literature [50]. A
plausible explanation is TGF-B1’s dual role in immune
regulation [12, 13]. Initially, it promotes macrophage
recruitment during early inflammation. As the inflam-
matory response progresses, TGF-f1 exerts immunosup-
pressive effects, resulting in a reduction in macrophage
activity and infiltration. This dynamic shift from proin-
flammatory to anti-inflammatory functions may account
for the observed negative correlation [51].
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Limitations

This study has some limitations that should be care-
fully considered when interpreting the results. The rela-
tively small sample size may limit the generalizability
of the findings, highlighting the need for studies with
larger cohorts to validate these results. Additionally,
the reliance on soft tissue biopsies restricts the scope of
this study to soft tissue involvement, thereby limiting
insights into hard tissue changes such as bone resorption
or remodeling. The cross-sectional design further con-
strains the ability to evaluate the temporal progression
of TGF-P1 and CD68 expression across different stages
of lesion development and healing. Furthermore, the use
of normal pulp tissue as a control, due to the unavailabil-
ity of PDL tissues, may impact the contextual interpre-
tation of findings related to periapical pathophysiology.
Addressing these limitations in future longitudinal and
comparative studies will provide deeper insights into the
role of these markers in periapical lesions.

Conclusion

This study confirmed the critical role of macrophages
and TGF-B1 in the pathogenesis of human periapical
lesions, with distinct expression patterns observed in RCs
and PGs. These markers reflect the inflammatory activity
and tissue remodeling processes that are characteristic
of these lesions. While our findings highlighted differ-
ences in TGF-B1 and CD68 expression, their precise roles
in periapical tissue repair and resolution remain uncer-
tain. This underscores the necessity for further research
to clarify their mechanistic contributions. Future stud-
ies should focus on exploring the temporal dynamics of
these markers across various stages of lesion develop-
ment and healing to determine their potential as thera-
peutic targets. Such investigations could pave the way
for innovative strategies to improve clinical outcomes in
endodontic treatments, particularly in managing chronic
periapical conditions.
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Acknowledgements
We wish to extend our thanks to all the patients who took part in this study
and gave their consent for the use of their tissue samples.

Author contributions

NA, GMA, and AHMK: All authors participated equally in this study,
contributing to conceptualization, data management, formal analysis,
investigation, methodology, software development, supervision, validation,
visualization, and contributions to writing the initial draft and revisions. All
authors reviewed and approved the final manuscript.



AbuBakr et al. BMC Oral Health (2025) 25:526

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

This study was not supported by any specific grants from public, commercial,
or non-profit funding agencies.

Data availability
All data generated or analyzed during this study are included in this published
article.

Declarations

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate

Ethical approval for this study was granted by the Institutional Ethical
Committee of the Faculty of Dentistry, Cairo University (Approval no.
16/10/21), in line with the guidelines set forth in the Declaration of Helsinki.
Informed consent was acquired from all participating patients before sample
collection, following a thorough explanation of the study’s goals, procedures,
and any potential discomforts and risks.

Received: 19 December 2024 / Accepted: 19 March 2025
Published online: 11 April 2025

References

1. Karamifar K, Tondari A, Saghiri MA. Endodontic periapical lesion: an overview
on the etiology, diagnosis and current treatment modalities. Eur Endod J.
2020;5(2):54-67. https://doi.org/10.14744/e€j.2020.42714.

2. Dessaune N, Porpino MT, Antunes HD, Rodrigues RC, Perez AR, Pires FR
et al. Pro-inflammatory and antiinflammatory cytokine expression in
post-treatment apical periodontitis. J Appl Oral Sci. 2018; 26:e20170455.
doi.10.1590/1678-7757-2017-0455.

3. Braz-Silva PH, Bergamini ML, Mardegan AP, De Rosa CS, Hasseus B, Jonasson
P Inflammatory profile of chronic apical periodontitis: a literature review. Acta
Odontol Scand. 2019;77(3):173-80. https://doi.org/10.1080/00016357.2018.1
521005.

4. Ricucci D, Bergenholtz G. Histologic features of apical periodontitis in human
biopsies. Endod Top. 2005;8(1):68-87. https://doi.org/10.1111/j.1601-1546.20
04.00097 x.

5. Koivisto T, Bowles WR, Rohrer M. Frequency and distribution of radiolucent
jaw lesions: a retrospective analysis of 9,723 cases. J Endod. 2012;38:729-32. h
ttps://doi.org/10.1016/}joen.2012.02.028.

6. Nair PN. Pathogenesis of apical periodontitis and the causes of endodontic
failures. Crit Rev Oral Biol Med. 2004;15:348-81. https://doi.org/10.1177/1544
11130401500604.

7. CavallaF, Letra A, Silva RM, Garlet GP. Determinants of periodontal/periapical
lesion stability and progression. J Dent Res. 2021;100(1):29-36. https://doi.org
/10.1177/0022034520952341.

8. WenYH, LinYX, Zhou L, Lin C, Zhang L. The immune landscape in apical
periodontitis: from mechanism to therapy. Int Endod J. 2024;57(11):1526-45.
https://doi.org/10.1111/ie}.14125.

9.  Graunaite I, Lodiene G, Maciulskiene V. Pathogenesis of apical periodontitis: a
literature review. J Oral Maxillofac Res. 2012,2(4):.e1. https://doi.org/10.5037/jo
mr.2011.2401.

10.  Alvares PR, Arruda JA, Silva LP, Nascimento GJ, Silveira MF, Sobral AP. Immu-
nohistochemical expression of TGF-b1 and MMP-9 in periapical lesions. Braz
Oral Res. 2017;31:e51. https://doi.org/10.1590/1807-3107bor-2017.vol31.005
1.

11. Morikawa M, Derynck R, Miyazono K. TGF-B and the TGF-@3 family: Context-
Dependent roles in cell and tissue physiology. Cold Spring Harb Perspect
Biol. 2016;8(5):a021873. https://doi.org/10.1101/cshperspect.a021873.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 8 of 9

Deng Z,FanT, Xiao C, Tian H, Zheng Y, Li C, et al. TGF- signaling in health,
disease, and therapeutics. Signal Transduct Target Ther. 2024;9(1):61. https://d
0i.0rg/10.1038/541392-024-01764-w.

Li B, LiW, Liao Y, Weng Z, Chen Y, OuchiT, et al. Multi-omics approach reveals
TGF-B signaling-driven senescence in periodontium stem cells. J Adv Res.
2024;1232(24):00617-9. https://doi.org/10.1016/jjare.2024.12.037. S2090-.
Gazivoda D, Dzopalic T, Bozic B, Tatomirovic Z, Brkic Z, Colic M. Production

of Proinflammatory and immunoregulatory cytokines by inflammatory cells
from periapical lesions in culture. J Oral Pathol Med. 2009;38(7):605-11. https:
//doi.org/10.1111/j.1600-0714.2009.00788 x.

Piattelli A, Rubini C, Fioroni M, Favero L, Strocchi R. Expression of transform-
ing growth factor-beta 1 (TGF-beta 1) in odontogenic cysts. Int Endod J.
2004;37(1):7-11.0.1111/j.1365-2591.2004.00739.x.

Marcal JR, Samuel RO, Fernandes D, Araujo MS, Napimoga MH, Pereira SA,

et al. T-helper cell type 17/regulatory T-cell immunoregulatory balance in
human radicular cysts and periapical granulomas. J Endod. 2010;36(6):995-9.
https://doi.org/10.1016/jjoen.2010.03.020.

Teixeira-Salum TB, Rodrigues DB, Gervésio AM, Souza CJ, Rodrigues Junior V,
Loyola AM. Distinct Th1,Th2 and Treg cytokines balance in chronic periapical
granulomas and radicular cysts. J Oral Pathol Med. 2010;39(3):250-6. https://d
0i.0rg/10.1111/j.1600-0714.2009.00863 x.

Cassanta LTC, Rodrigues V, Violatti-Filho JR, Neto BA, Tavares VMM, Bernal EC, et
al. Modulation of matrix metalloproteinase 14, tissue inhibitor of metallopro-
teinase 3, tissue inhibitor of metalloproteinase 4, and inducible nitric oxide
synthase in the development of periapical lesions. J Endod. 2017;43(7):1122—
9. https://doi.org/10.1016/j.joen.2017.02.020.

Banicé AC, Popescu SM, Mercut V, Busuioc CJ, Gheorghe AG, Tragcé DM, et al.
Histological and immunohistochemical study on the apical granuloma. Rom
J Morphol Embryol. 2018;59(3):811-7.

D'addazio G, Artese L, Piccirilli M, Perfetti G. Role of matrix metallopro-
teinases in radicular cysts and periapical granulomas. Minerva Stomatol.
2014;63(11-12):411-20.

Chistiakov DA, Killingsworth MC, Myasoedova VA, Orekhov AN, Bobryshev YV.
CD68/macrosialin: not just a histochemical marker. Lab Invest. 2017,97(1):4-
13. https://doi.org/10.1038/labinvest.2016.116.

Pohl S, Akamp T, Smeda M, Uderhardt S, Besold D, Krastl G, et al. Understand-
ing dental pulp inflammation: from signaling to structure. Front Immunol.
2024;15:1474466. https:;//doi.org/10.3389/fimmu.2024.1474466.

Delfino MM, Guerreiro-Tanomaru JM, Tanomaru-Filho M, Sasso-Cerri E,

Cerri PS. Immunoinflammatory response and bioactive potential of gut-
taflow bioseal and MTA fillapex in the rat subcutaneous tissue. Sci Rep.
2020;10:7173. https://doi.org/10.1038/541598-020-64041-0.

Cintra LTA, Benetti F, de Azevedo Queiroz [0, de Aradjo Lopes JM, Penha de
Oliveira SH, Sivieri Aratjo G, et al. Cytotoxicity, biocompatibility, and biomin-
eralization of the new High-plasticity MTA material. J Endod. 2017;43(5).774-
8. https://doi.org/10.1016/j.joen.2016.12.018.

Zhu L, Yang J, Zhang J, Peng B. The presence of autophagy in human periapi-
cal lesions. J Endod. 2013;39(11):1379-84. https://doi.org/10.1016/jjoen.2013.
07.013.

Yang NY, Zhou Y, Zhao HY, Liu XY, Sun Z, Shang JJ. Increased Interleukin 1a
and Interleukin 113 expression is involved in the progression of periapical
lesions in primary teeth. BMC Oral Health. 2018;18:124. https://doi.org/10.118
6/512903-018-0586-3.

de Farias ZB, Cavalcante JS, de Lima AC, de Souza Andrade ES, da Silveira
MM, Sobral AP. Immunohistochemical expression of macrophages in chronic
periapical lesions. Res Soc Dev. 2021;10(7):€35310716622. https://doi.org/10.3
3448/rsd-v10i7.16622.

Nair PR, Pajarola G, Schroeder HE. Types and incidence of human periapical
lesions obtained with extracted teeth. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 1996;81(1):93-102. https://doi.org/10.1016/51079-2104(96)801
56-9.

Vier FV, Figueiredo JA. Internal apical resorption and its correlation with the
type of apical lesion. Int Endod J. 2004;37(11):730-7. https://doi.org/10.1111/j
.1365-2591.2004.00830.x.

Andrade AL, Santos EM, Carmo AF, Freitas RA, Galvao HC. Analysis of tryptase-
positive mast cells and Immunoexpression of MMP-9 and MIMP-13 in periapi-
cal lesions. Int Endod J. 2017,50(5):446-54. https://doi.org/10.1111/iej.12638.
Franca GM, Carmo AFD, Costa H, Andrade ALDL, Lima KC, Galvao HC. Macro-
phages subpopulations in chronic periapical lesions according to clinical and
morphological aspects. Braz Oral Res. 2019;33:e047. https://doi.org/10.1590/1
807-3107bor-2019.vol33.0047.


https://doi.org/10.14744/eej.2020.42714
https://doi.org/10.1080/00016357.2018.1521005
https://doi.org/10.1080/00016357.2018.1521005
https://doi.org/10.1111/j.1601-1546.2004.00097.x
https://doi.org/10.1111/j.1601-1546.2004.00097.x
https://doi.org/10.1016/j.joen.2012.02.028
https://doi.org/10.1016/j.joen.2012.02.028
https://doi.org/10.1177/154411130401500604
https://doi.org/10.1177/154411130401500604
https://doi.org/10.1177/0022034520952341
https://doi.org/10.1177/0022034520952341
https://doi.org/10.1111/iej.14125
https://doi.org/10.1111/iej.14125
https://doi.org/10.5037/jomr.2011.2401
https://doi.org/10.5037/jomr.2011.2401
https://doi.org/10.1590/1807-3107bor-2017.vol31.0051
https://doi.org/10.1590/1807-3107bor-2017.vol31.0051
https://doi.org/10.1101/cshperspect.a021873
https://doi.org/10.1038/s41392-024-01764-w
https://doi.org/10.1038/s41392-024-01764-w
https://doi.org/10.1016/j.jare.2024.12.037
https://doi.org/10.1111/j.1600-0714.2009.00788.x
https://doi.org/10.1111/j.1600-0714.2009.00788.x
https://doi.org/10.1016/j.joen.2010.03.020
https://doi.org/10.1016/j.joen.2010.03.020
https://doi.org/10.1111/j.1600-0714.2009.00863.x
https://doi.org/10.1111/j.1600-0714.2009.00863.x
https://doi.org/10.1016/j.joen.2017.02.020
https://doi.org/10.1038/labinvest.2016.116
https://doi.org/10.3389/fimmu.2024.1474466
https://doi.org/10.1038/s41598-020-64041-0
https://doi.org/10.1016/j.joen.2016.12.018
https://doi.org/10.1016/j.joen.2013.07.013
https://doi.org/10.1016/j.joen.2013.07.013
https://doi.org/10.1186/s12903-018-0586-3
https://doi.org/10.1186/s12903-018-0586-3
https://doi.org/10.33448/rsd-v10i7.16622
https://doi.org/10.33448/rsd-v10i7.16622
https://doi.org/10.1016/s1079-2104(96)80156-9
https://doi.org/10.1016/s1079-2104(96)80156-9
https://doi.org/10.1111/j.1365-2591.2004.00830.x
https://doi.org/10.1111/j.1365-2591.2004.00830.x
https://doi.org/10.1111/iej.12638
https://doi.org/10.1590/1807-3107bor-2019.vol33.0047
https://doi.org/10.1590/1807-3107bor-2019.vol33.0047

AbuBakr et al. BMC Oral Health

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

(2025) 25:526

Osorio NR, Caviedes-Bucheli J, Mosquera-Guevara L, Adames-Martinez JS,
Gomez-Pinto D, Jimenez-Jimenez K, et al. The paradigm of the inflammatory
radicular cyst: biological aspects to be considered. Eur Endod J. 2023;8(1):20-
36. https://doi.org/10.14744/ee}.2022.26918.

Visarnta S, Ratisoontorn C, Panichuttra A, Sinpitaksakul P, Chantarangsu S,
Dhanuthai K. Macrophage polarization in human periapical lesions in relation
to histopathological diagnosis, clinical features and lesion volume: an ex vivo
study. Int Endod J. 2024;57(12):1829-47. https://doi.org/10.1111/iej.14138.
Danin J, Linder LE, Lundqvist G, Andersson L. Tumor necrosis factor-alpha and
transforming growth factor-betal in chronic periapical lesions. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2000;90(4):514~7.

Frangogiannis N. Transforming growth factor-@ in tissue fibrosis. J Exp Med.
2020;217(3):220190103. https://doi.org/10.1084/jem.20190103.

Li X, Han X, Yu W, Chen X, Wu Y, Lu L. Correlation between transforming
growth Factor- and periapical lesions in patients with chronic apical peri-
odontitis. J Healthc Eng. 2022,2022(2173434). https://doi.org/10.1155/2022/2
173434.

Kim KK, Sheppard D, Chapman HA. TGF-31 signaling and tissue fibrosis. Cold
Spring Harb Perspect Biol. 2018;10(4):a022293. https://doi.org/10.1101/cshpe
rspect.a022293.

Metzger Z. Macrophages in periapical lesions. Endod Dent Traumatol.
2000;16(1):1-8. https://doi.org/10.1034/j.1600-9657.2000.016001001 x.
Rodini CO, Lara VS. Study of the expression of CD68+ macrophages and
CD8+T cells in human granulomas and periapical cysts. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2001;92(2):221-7. https://doi.org/10.1067/moe
.2001.116813.

Suzuki T, Kumamoto H, Ooya K, Motegi K. Immunohistochemical analysis

of CD1a-labeled Langerhans cells in human dental periapical inflammatory
lesions—correlation with inflammatory cells and epithelial cells. Oral Dis.
2001,7(6):336-43. https://doi.org/10.1034/}.1601-0825.2001.00722 x.

Bracks IV, Armada L, Goncalves LS, Pires FR. Distribution of mast cells and
macrophages and expression of interleukin-6 in periapical cysts. J Endod.
2014;40:63-8. https://doi.org/10.1016/jjoen.2013.09.037.

Locati M, Mantovani A, Sica A. Macrophage activation and polarization as an
adaptive component of innate immunity. Adv Immunol. 2013;120:163-84. ht
tps://doi.org/10.1016/B978-0-12-417028-5.00006-5.

43.

45.

46.

47.

48.

49.

50.

5T

Page 9 of 9

Mantovani A, Biswas SK, Galdiero MR, Sica A, Locati M. Macrophage plasticity
and polarization in tissue repair and remodelling. J Pathol. 2013;229(2):176-
85. https://doi.org/10.1002/path.4133.

Liapatas S, Nakou M, Rontogianni D. Inflammatory infiltrate of chronic perira-
dicular lesions: an immunohistochemical study. Int Endod J. 2003;36(7):464—
71. https://doi.org/10.1046/j.1365-2591.2003.00627 x.

Azeredo SV, Brasil SC, Antunes H, Marques FV, Pires FR, Armada L. Distribution
of macrophages and plasma cells in apical periodontitis and their relation-
ship with clinical and image data. J Clin Exp Dent. 2017,9(9):e1060-5. https://
doi.org/10.4317/jced.53758.

Akinyamoju AO, Gbadebo SO, Adeyemi BF. Periapical lesions of the jaws: a
review of 104 cases in Ibadan. Ann Ib Postgrad Med. 2014;12(2):115-9.
Jamshidi S, Shojaei S, Roshanaei G, Modabbernia S, Bakhtiary E. Jaw intraos-
seous lesions biopsied extracted from 1998 to 2010 in an Iranian population.
Iran Red Crescent Med J. 2015;17(6):e20374.

Banomyong D, Arayasantiparb R, Sirakulwat K, Kasemsuwan J, Chirarom N,
Laopan N, et al. Association between clinical/radiographic characteristics and
histopathological diagnoses of periapical granuloma and cyst. Eur J Dent.
2023;17(04):1241-7. https://doi.org/10.1055/5-0042-1759489.

Coli¢ M, Gazivoda D, Vucevic D, Vasiliji¢ S, Rudolf R, Luki¢ A. Proinflammatory
and immunoregulatory mechanisms in periapical lesions. Mol Immunol.
2009;47(1):101-13. https://doi.org/10.1016/j.molimm.2009.01.011.

Liang ZZ, Li J, Huang SG. Transforming growth factor beta-1 expression

in macrophages of human chronic periapical diseases. Genet Mol Res.
2017;16(1). https://doi.org/10.4238/gmr16019329.

Ashcroft GS. Bidirectional regulation of macrophage function by TGF-beta.
Microbes Infect. 1999;1(15):1275-82. https://doi.org/10.1016/51286-4579(99)
00257-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.14744/eej.2022.26918
https://doi.org/10.1111/iej.14138
https://doi.org/10.1084/jem.20190103
https://doi.org/10.1155/2022/2173434
https://doi.org/10.1155/2022/2173434
https://doi.org/10.1101/cshperspect.a022293
https://doi.org/10.1101/cshperspect.a022293
https://doi.org/10.1034/j.1600-9657.2000.016001001.x
https://doi.org/10.1067/moe.2001.116813
https://doi.org/10.1067/moe.2001.116813
https://doi.org/10.1034/j.1601-0825.2001.00722.x
https://doi.org/10.1016/j.joen.2013.09.037
https://doi.org/10.1016/B978-0-12-417028-5.00006-5
https://doi.org/10.1016/B978-0-12-417028-5.00006-5
https://doi.org/10.1002/path.4133
https://doi.org/10.1046/j.1365-2591.2003.00627.x
https://doi.org/10.4317/jced.53758
https://doi.org/10.4317/jced.53758
https://doi.org/10.1055/s-0042-1759489
https://doi.org/10.1016/j.molimm.2009.01.011
https://doi.org/10.4238/gmr16019329
https://doi.org/10.1016/s1286-4579(99)00257-9
https://doi.org/10.1016/s1286-4579(99)00257-9

	﻿Histological and immunohistochemical analysis of human periapical lesions: a study of TGF-β1 and CD68 markers
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Tissue samples
	﻿Histological examination
	﻿Morphological analysis
	﻿Immunohistochemical examination
	﻿Morphometric analysis
	﻿Statistical analysis

	﻿Results
	﻿Demographic data
	﻿Histopathological results
	﻿Morphological analysis results
	﻿Immunohistochemical results
	﻿Morphometric analysis results

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


