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ABSTRACT

Statement of the Problem: Macrophages are the target of attention in numerous dis-
eases. Many studies reported them as the regulators of the growth, dissemination, and
clinical behavior of various lesions. There are relatively scarce data regarding the role
of macrophages in oral lesions, particularly odontogenic lesions.

Purpose: This study investigated the macrophage density in odontogenic lesions of
diverse biologic performance.

Materials and Method: In this comparative analytical study, 60 cases of odontogenic
lesions including ameloblastoma, keratocystic odontogenic tumor, dentigerous cyst,
and radicular cyst were immunohistochemically stained with anti-CD68 antibody. One-
way ANOVA and Tukey's HSD test were used for statistical analysis.

Results: The results showed that the macrophage density in keratocystic odontogenic
tumor (35.72+7.74) and ameloblastoma (46.12+9.84) was not significantly different
from that in dentigerous cyst (43.87£8.13). Interestingly, the macrophage density in
keratocystic odontogenic tumor was lower than that in dentigerous cyst. No significant
difference was observed in macrophage density between the ameloblastoma and much
less aggressive lesions like dentigerous cyst (p= 0.59). Macrophage density in radicular
cyst (81.53+11.04) was significantly higher than other odontogenic lesions (p< 0.001).
Conclusion: The lack of significant differences in macrophage density between the
known aggressive odontogenic tumors and much less aggressive lesions implied that
macrophages might not contribute to the biological behavior of the odontogenic le-
sions. Therefore, it could support the notion that targeted therapy would not have
prominent clinical potential to decrease the extent of mutilating surgeries in odontogen-
ic lesions.
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Introduction

aggressive biological behavior (the destructive lesions

Odontogenic lesions are one of the most common and
important disorders of oral and maxillofacial region.
These lesions arise from the odontogenic apparatus,
which forms dental organ and its peripheral structures.
Odontogenic cysts and tumors, particularly those with

with high growth and recurrence rates), have harmful
effects including bone destruction. However, the patho-
genesis and reasons for the diverse clinical behavior of
these lesions remain ambiguous. [1-3]

Various epithelium-associated factors have been
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indicated to influence the biological behavior of the
odontogenic lesions. [4-5] Nevertheless, due to the in-
consistency of the results, micro-environmental factors
have received more attentions as the more important
component influencing the development, dissemination,
and biological behavior of these lesions. [2, 4-5]

Odontogenic lesions contain a stromal component
that mainly consists of blood vessels, fibroblasts, and
immunological cells, principally macrophages and lym-
phocytes. [6-7] Macrophages are the major cellular
component of the stroma and play a key role in the mi-
croenvironment. Dissimilar to dendritic cells that move
in and out of the oral mucosa, macrophages remain
within it and exhibit diverse functions. [6, 8] These cells
increase in a number of oral diseases and are the target
of attention in numerous lesions. Many studies have
reported that macrophages are the regulators of the
growth, dissemination, and clinical course of various
diseases. [9-12]

There are relatively scarce data about the macro-
phage density in oral lesions. Therefore, the aim of this
study was to investigate the role of macrophages in
odontogenic lesions with diverse biologic behaviors.
This can be helpful in planning of targeted therapeutic
strategies with the hope of reducing mutilating and ex-
tensive surgeries. In the present study, anti-CD68 anti-
body was used as a valuable immunohistochemical bi-
omarker for the identification of macrophages. [13-14]

Materials and Method

The protocol of the present comparative analytical study
was approved by the Ethics Committee of Tabriz Uni-
versity of Medical Sciences under the code IRIC:
TBZMED.REC.1394.1130

Tissue samples

Samples of 15 dentigerous cyst (DC), 15 keratocystic
odontogenic tumor (KOT), 15 radicular cyst (RC) and
15 ameloblastoma were retrieved from the laboratory
archives of Oral and Maxillofacial Department of Ta-
briz Dentistry School over a 10-year period (from 2005
to 2015).

The study was performed on odontogenic cysts
and tumors located in the jaw bones of patients who had
received only surgical treatments and whose appropriate
paraffin blocks and complete health records and clinical
findings were available. The study excluded inappropri-
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ate paraffin blocks, which could not be properly cut, the
samples with insufficient microscopic fields to analyze,
and inflamed dentigerous cysts, keratocystic odontogen-
ic tumors, and ameloblastomas.
Immunohistochemical staining
Formalin-fixed paraffin-embedded tissue samples were
cut into 4-um sections and submitted to immunohisto-
chemical staining. The samples were stained with Bio-
tin-streptavidin method according to the manufacturer's
guidelines (DakoCytomation; Glostrup, Denmark). The
samples were deparaffinized in xylene, rehydrated with
graded alcohol, and peroxidase quenched in 1% hydro-
gen peroxide. The sections were then treated with 0.01
m sodium citrate buffer (pH 6.0) for unraveling of the
epitopes, and subsequently rinsed with distilled water.
The samples were incubated with 1:50 diluted
monoclonal mouse anti-human CD68 primary antibody
for 30 min at the room temperature to detect the macro-
phages, and then rinsed with phosphate buffered saline.
The immune reaction was amplified by using the sec-
ondary antibody and Streptavidin—Biotin—Peroxidase
HRP complex (Envision/HRP). The reaction products
were visualized by using 3, 3-diaminob-enzidine (DAB)
as chromogen. The sections were finally counterstained
with Harris hematoxylin and mounted.
Staining evaluation
The prepared slides were scanned at 100X magnifica-
tion to identify the fields with the highest number of
macrophages (hot spot fields). Five hot spot fields were
selected and the quantitative evaluations were per-
formed at 400X magnification. The stained CD68-
positive cells were counted in each high power field and
the mean of five fields was considered as macrophage
density for each case.
Statistical analysis
The data from each clinical group were expressed as
mean + standard error of mean. The collected data were
analyzed by using SPSS software, version 20.0 (SPSS;
Chicago, IL). One-way ANOVA and Tukey's HSD test
was used for statistical comparisons between the groups.
p Value <0.05 was considered to be statistically signifi-
cant.

Results

Clinical and histopathologic profile of the patients
The study was performed on 60 samples in four groups
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of dentigerous cyst, keratocystic odontogenic tumor,
radicular cyst, and ameloblastoma (n=15 each). In den-
tigerous cyst group, 7 cases were males and 8 were fe-
males, aging from 10 to 59 years old (mean=26 years).
Most of the lesions were located in posterior mandible.
In keratocystic odontogenic tumor group 6 were males
and 9 were females with the age range of 13-52 years
old (mean=26 years). These lesions were mostly located
in posterior mandible. In radicular cyst samples, 8 were
males and 7 were females with the age range from 12 to
62 years old (mean=26 years). The most commonly
affected locations were posterior regions of the jaws
(mandible and maxilla were affected equally). In ame-
loblastoma group, 5 cases were males and 10 were fe-
males aging from 23 to 49 years old (mean=40 years).
The lesions were mostly located in posterior mandible.

The basic histopathologic features of the studied
lesions are described in literature. Most cases of amelo-
blastoma demonstrated plexiform or follicular histo-
pathologic patterns.

Detection of macrophages

Based on the findings of the current study, CD68- posi-
tive cells were disseminated among the lymphocytic
components. Macrophages were clustered or diffusely
distributed along the inflammatory infiltrations, general-
ly near the epithelium of the lesion (Figure 1).

The mean values and standard error of means
(SEMs) for all the studied odontogenic lesions were as
follows in descending order: 81.53+11.04 for radicular
cyst, 46.12+9.84 for ameloblastoma, 43.87+8.13 for

Figure 1: CD68 positive cells (marked with red arrows) in: a) ameloblastoma, b) radicular cyst, c) keratocystic odontogenic tumor, d)
dentigerous cyst (IHC stain, x400).

dentigerous cyst, and 35.72+7.74 for keratocystic odon-
togenic tumor (Figure 2). Our results showed that mac-
rophage densities in keratocystic odontogenic tumor and
ameloblastoma were not significantly different from that
in dentigerous cyst (p= 0.35 and p= 0.59, respectively).
Interestingly, the macrophage density in keratocystic
odontogenic tumor was lower than that in dentigerous
cyst. The statistical analysis of the data showed a higher
macrophage density in radicular cyst in comparison
with the other studied groups (p< 0.001).
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Figure 2: Histogram of macrophage density in RC: radicular
cyst; Aml: ameloblastoma; KOT: keratocystic odontogenic
tumor; DC: dentigerous cyst

Discussion

Both odontogenic cysts and tumors originate from od-
ontogenic apparatus. However, these lesions show dif-
ferent degrees of aggressiveness and clinical behavior.
[1, 3] Ameloblastoma is a benign tumor with high de-
gree of infiltration, bone destruction and recurrence.
According to the World Health Organization’s (WHO)
latest classification of odontogenic lesions, keratocystic
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odontogenic tumor is categorized as an odontogenic
tumor, because of its growth mechanism, clinical
course, and relatively high recurrence rate. However,
this lesion is a cystic tumor, which is less aggressive
than ameloblastoma. [1, 3]

Dentigerous cyst is a developmental cyst with a
relatively non-invasive clinical course and low recur-
rence rate. Radicular cyst is an inflammatory cyst with a
relatively indolent clinical course. [1-3] The develop-
ment of odontogenic lesions involves a micro-
environment in which chemical mediators and cellular
component influence their progression. However, the
biologic significance of macrophages (the major cellular
component of the stroma) is not fully understood in
these lesions. [2, 18]

Many previous studies have investigated the rela-
tionship between the number of macrophages and the
biological course of the diseases in various sites of the
body. However, the results are conflicting and it is still
uncertain if macrophages exert pro or anti-growth ac-
tions. Some studies reported obvious relationships be-
tween these cells, and the development and the clinical
outcome of the diseases. Conversely, these cells showed
anti-tumor functions in other studies. [14-16]

The present study found no significant difference
in the macrophages densities of diverse clinical variants
of odontogenic lesions except for radicular cyst. It could
be suggested that macrophages do not play an active
role in the pathogenesis of these lesions. Therefore,
macrophages are possibly a component of nonspecific
inflammatory reaction in these odontogenic lesions.

In a study by Guzman-Medrano et al., [2] macro-
phages were more commonly observed in solid amelo-
blastoma than in unicystic and desmoplastic ameloblas-
toma. The lower density of macrophages in desmo-
plastic ameloblastoma might be associated with the very
low cellular density in these lesions because of the high
volume of desmoplasia in these lesions. Unfortunately,
the mentioned study did not include a control group,
otherwise, it could be stated that macrophage density
was not significantly different between the case and
control groups.

Interestingly, the current study detected no signifi-
cant difference in macrophage density between amelo-
blastoma and much less aggressive lesions. Some stud-
ies showed marked differences not only between lesions
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but also between different clinical variants of some tu-
mors such as ameloblastoma. [2] Different pathologic
grades, clinical stages, and populations may explain the
different results of these studies. Furthermore, the mac-
rophage count can also be influenced by different meth-
ods of assessment and subsequently different immuno-
histochemical antibodies that are used for macrophages
detection like CD68 [2] and CD163. [17]

The highest amount of macrophages in radicular
cyst was also confirmed in other studies. Macrophages
increase in periapical lesions due to many reasons such
as immune responses and inflammatory processes. [18-
19] Although many studies demonstrated that macro-
phages were tumor cell destroyers, some of them proved
that they prohibited the tumors development. [20-21]
The findings of the present study did not support mac-
rophages as the contributing factor in the aggressiveness
of odontogenic lesions.

Conclusion

Development of a lesion is a complex process involving
numerous factors and this study do not approve macro-
phages as the main contributing factor in the biological
behavior of these odontogenic lesions. Therefore, it can
be claimed that molecular targeting of macrophages
does not have significant potential clinical value to re-
duce the mutilating and extensive surgeries of aggres-
sive odontogenic lesions. However, further studies with
larger sample sizes and other relatively rare odontogenic
tumors are recommended to confirm the role of macro-
phages in the clinical course of odontogenic lesions
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