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ABSTRACT

Background: An ambiguity persists regarding variation in clinical aggressiveness of different oral lesions, among which are
the giant cell granulomas. Different types of giant cell granulomas can develop in the jaws, including peripheral giant cell
granuloma, and central giant cell granuloma, whether aggressive or non-aggressive, each of which show different clinical
behavior. Although they show great resemblance histologically on the cellular level, still they may show variation in other
histological components as those regarding collagen fibers present. This raises the question about any possible relationship
between the clinical behavior and histological components of these lesions.

Aim of the Work: This study aimed to investigate and explore the possible correlation between immunohistochemical
detection of tumor associated macrophages (TAMs) using CD163 and the density, packing and type of collagen in giant cell
granulomas of the jaws and the role of this correlation in the variation of clinical aggressiveness of these lesions.

Methods: We measured the immunohistochemical expression of CD163 and quality of collagen fibers, using picrosirius red
stain in normal oral mucosa, peripheral giant cell granuloma, non-aggressive and aggressive central giant cell granulomas (10
samples each).

Results: Our results indicate that the expression of CD163 showed a statistically significant increase in aggressive central giant
granuloma as compared to the non-aggressive samples. Moreover, picrosirius staining revealed that samples from aggressive
lesions showed predominant green-yellow birefringence indicating higher expression of collagen type III in these lesions.
Conclusion: These findings suggested a possible influencing role of TAMs and increased deposition of collagen type I1I in the

progression and aggressive behavior of giant cell granulomas of the jaws.
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INTRODUCTION

Giant cell granulomas of the mandible and maxilla
comprise a group of lesions with diverse clinical behavior,
ranging from asymptomatic non- aggressive lesions to
aggressive lesions. These lesions continue to show a degree
of vagueness, whether if there is an association between
their clinical behavior and their histological elements or
not!'.

Central giant cell granuloma is an osteolytic, non-
odontogenic lesion of unidentified cause. It usually affects
the bones of the craniofacial area. It is histologically
benign, although locally proliferative with variable clinical
behaviors®. This lesion was initially introduced in 1953
by Jaffe who called it “giant cell reparative granuloma”.
The “reparative” term was soon stopped after apparent
contradictions between the clinical course of such lesions
and the reparative processP®. Some cases of central giant
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cell granulomas are asymptomatic with slow rate of growth
and low rate of recurrence, others are rapidly growing,
aggressive, accompanied with quick bone destruction,
cortical bone thinning and perforation, nerve displacement,
teeth displacement or root resorption, and frequent
association with pain*. Management of such lesions could
depend on surgical or non-surgical methods, depending on
the clinical behavior and extent of the lesion. However,
non-surgical management is usually linked with 11% to
49% recurrence rates and reaching up to 72% in case of
aggressive lesions™.

Alternatively, peripheral giant cell granuloma is a
reactive intra oral lesion which appears in the form of
gingival soft tissue mass. Among giant cell granulomas
of the jaws, it is the most common one. It originates
from mesenchymal cells in the periodontal membrane
or periosteum, as a reaction to local irritant or chronic
traumal®’,
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The differences in the clinical behavior between
peripheral giant cell granuloma, aggressive and non-
aggressive cases of central giant cell granulomas have
been traced and investigated from different points of
view in the previous studies, including the possible role
of macrophages in such differences!'*7. Macrophages are
recruited to the microenvironment of the tumor and other
lesions as a result of the secretion of various chemokines,
cytokines and growth factors by the lesional cells. Upon
activation, macrophages develop into two main groups,
M1 and M2. The subpopulation M2, also called tumor
associated macrophages (TAMs) improves tumor growth
and survival by stimulating angiogenesis and tissue
regeneration and hence favors tumor survival®.

TAMs are present in several tumors, contributing to
the foundation of the tumor microenvironment in terms
of promoting tumor development, angiogenesis, invasion,
metastasis, and drug resistance!”. They promote tumor
development by expressing several cytokines such as
platelet derived growth factor (PDGF), epithelial growth
factor (EGF), and others which support survival and
proliferation of tumor cells. The presence of receptors
for vascular endothelial growth factor (VEGF) on TAMs
surface further support these functions. In addition, TAMs
secrete MMPs, serine proteases and other components
that can help in stromal collagen modification and
degradation®'!l.

Studies have consistently confirmed that the
microenvironment of the lesion is a major contributor in
its development and behavior. One of the key components
of this microenvironment is the extracellular matrix!?.
Collagen is the most abundant component of the
extracellular matrix. Collagen, with its 28 different types,
is involved in diverse normal biological functions such as
cell adhesion, cell division, cell migration, angiogenesis,
and tissue repair. Thus, the role of collagen in influencing
lesion behavior and progression is of prime importance.
The concept of “tumor-associated collagen signature,
TACS” has been introduced as a model for the progression
capacity of aggressive lesions. The analysis of the collagen
distribution pattern of certain lesions can be a credible and
reproducible method for predicting its behavior and can
hence be reflected in its management!'*'5l. Provenzano
et al.' characterized in situ well-defined TACS that can be
regarded as signature to characterize breast tumors. They
suggested that these collagen patterns can be indicative of
the invasive and metastatic potential of the tumor in fresh
biopsies.

Histochemical staining of thin sections using picrosirius
red (PSR) is a sensitive technique to visualize and evaluate
collagen fibers. As demonstrated by Segnani et al.l'” the
double-staining of the PSR technique allows the collagen
fibers to stand out over tissue background allowing
better visualization than sirius red alone or other staining
techniques such as Van Gieson. The stained fibers show a
range of colors when examined by polarized light based
on the fiber size, density of fibers packing, and therefore

demonstrates clear arrangement of collagen fibers. Since
PSR molecules associate with collagen fiber, parallelly to
the long axis of each of them, it improves the birefringence
of collagen under polarized light microscopy. Thick
collagen (type I) would show a red-orange color, while
thin collagen (type III) would be yellow-green!'s"l,
Additionally, more hydration and substandard alignment
and orientation is present with young collagen fibrils when
compared to the more mature ones. Moreover, intensity
of birefringence is decided by the cross links among the
fibrils. The yellow-green color of thin fibers suggest that
the collagen packing is loose, and possibly will not be
composed of tightly packed normal fiber, but rather from
procollagens, intermediates, or pathological collagen. Also,
orange-red color reflects the tightness of fibers packing
and molecules with better alignment, which causes shift to
the longer wavelength of polarization colors®”.

Stromal collagen density, packing and type can
influence the clinical behavior of different lesions through
its effect on some signaling pathways. Also, collagen-
rich conditions may cause hypoxia which can lead to
enhanced progression of different lesions. Additionally,
components of the extracellular matrix such as MMPs,
hyaluronic acid and fibronectin can interact with collagen
and consequently influence activity of lesional cells.
Some of the connective tissue cells such as lymphocytes,
fibroblasts and macrophages play an important role
together with stromal collagen in lesion progression. On
the other hand, stromal and epithelial cells can affect the
formation of collagen through alteration of several genes
and by altering transcription factors involved in the process
of collagen biosynthesisi?!!. The role of TAMs and their
relation to collagen quality, and whether this relation affects
clinical behavior has been proved in different lesions?* 2%,
However, this relation was not thoroughly explored in
different giant cell granulomas of the jaw.

AIM OF THE WORK

The aim of this study was to inspect the possible
association between immunohistochemical detection
of CD163 positive TAMs and stromal collagen quality
(density, packing and type) in giant cell granulomas of
the jaws, and the role of this correlation in the variation of
clinical aggressiveness of such lesions.

MATERIALS AND METHODS

Cases selection

Blocks of peripheral giant cell granuloma, aggressive
and non-aggressive central giant cell granuloma (ten
specimens of each entity) as well as ten specimens of
regular oral mucosa were used in this study. The clinical
data sheet corresponding to each block was available, to
which the aggressiveness and clinical manifestations of
each lesion was determined by. Total number of blocks
was retrieved from the Faculty of Dentistry, Ain Shams
University and Misr International University, Egypt, from
the Oral Pathology department archives. The protocol

1383



TAMS, COLLAGEN, AND GRANULOMA HOSTILITY

of this research has been approved by the Ain Shams
University ethical committee (Exemption code, FDASU-
Rec ER122225).

The aggressive cases were selected based on criteria
described by Chuong et al.! which are pain, paresthesia,
root resorption, rapid growth, more than 5cm in size,
destruction of the cortical bone and a elevated level of
postoperative relapses.

Immunohistochemical staining and assessment

Four pm thick sections were prepared from each
paraffin-embedded block and mounted on glass slides.
Section deparaffinization was made using xylene, then were
inserted in different grades of ethyl alcohol for hydration.
Later, samples were submerged in a solution of citrate
buffer of pH 4.8, before the process of staining takes place.
Universal kit (Lab Vision, Thermo fisher scientific USA)
was used for immunostaining. Peroxidase anti-peroxidase
technique of immunostaining using the streptavidin biotin
system was accomplished, and blocking endogenous
peroxidase activity was made by adding 3% hydrogen
peroxide. Samples were then rinsed with phosphate
buffered saline solution, then incubated overnight with
anti-CD163 primary monoclonal (Lab Vision, Thermo
fisher scientific USA). Sections were protected by the
use of link antibody, then by the streptavidin biotin
labeling antibody. Phosphate buffer saline was then used
to rinse the sections, then 3,3'-Diaminobenzidine (DAB)
chromogen was added to the specimens subsequently for
counter staining. Sections dryness was achieved by the use
of different grades of alcohol, afterwards clearance using
xylene. All chemicals were purchased from Sigma-Aldrich,
USA. Immunohistochemical staining was performed at
Ain Shams University Specialized Hospital histology
laboratory, Egypt.

For measurement of immunohistochemical expression,
four areas under the microscope revealing the greatest
immunopositive parts were selected from each positive
section. Digital camera (LEICA DFC295) attached to a
light microscope (LEICA DM LS2) was used to capture
photomicrographs of the different areas, at a magnification
of 40X. Area fraction of CD163 immunopositivity was
measured using Image J, 1.41asoftware. Photomicrographic
images and their analysis was completed at Misr
International University research unit.

Picrosirius red staining

Tissue blocks inserted in paraffin were cut at thin
sections (thickness of five um); the sections were then
placed onto the glass slides by floating. Slide warmer was
then used to incubate the slides at 60° C, to ensure sections
adhered properly to the slides. Paraffin was then removed
from, and sections were then hydrated and stained with
picrosirius red (PSR) stain (Sigma-Aldrich) according to
the manufacturers protocol. Polarized light microscope
was then used to examine the stained slides in the Precision
Measurements Unit, Faculty of Dentistry, Ain Shams

University. At a magnification 20X, photomicrographs of
different fields of each slide were taken. Collagen fibers
displayed polarizing colors ranging from red-orange to
yellow-green birefringence. The proportions of yellow-
green fibers birefringence were assessed in relation to
the entire area of the fibers via image analysis software
(Image J, 1.41a).

Statistical Analysis

Statistical data were studied for normality by checking
the distribution of data and using tests of normality
(Kolmogorov-Smirnov and Shapiro-Wilk tests). Data
indicated non-normal (non-parametric) distribution. Data
were displayed as median and range values. Kruskal-
Wallis test was applied to compare between the groups.
Dunn’s test was used for pair-wise comparisons when
Kruskal-Wallis test is significant. Spearman’s correlation
coefficient was used to verify the correlation between area
fraction of CD163 immunopositivity and area fraction of
yellow-green fibers birefringence. The significance level
was set at P < 0.05. Statistical analysis was completed with
IBM SPSS Statistics for Windows, Version 23.0.

RESULTS

Immunohistochemical expression of CD163

All specimens used in this study confirmed
immunopositivity for CDI163. The reaction was
cytoplasmic and granular in the stromal cells. The
connective tissue of normal oral mucosa showed lowest
expression of CD163 (Figure 1a), which was significantly
lower than the other groups (Table 1, Figure 3). Both
peripheral giant cell granuloma and non-aggressive
central giant cell granuloma cases showed moderate
immunopositivity in the stromal cells (Figures 1b, ¢) with
no statistical difference between them (Table 1, Figure 3).
Aggressive central giant cell granuloma showed the highest
statistically significant immunopositivity for CD163
(Figure 1d, Table 1, Figure 3).

Picrosirius red staining results

The color birefringence of PSR-stained collagen
examined by polarized light microscope was different
among different groups (Figure 2). The collagen fibers
of normal oral mucosa showed minimal yellowish
birefringence with predominance of red birefringence.
The median area fraction of yellow-green birefringence in
this group was significantly lower than the other groups
(Table 1, Figure 3). In peripheral giant cell granuloma and
non-aggressive central giant cell granuloma the yellowish
birefringence was more obvious than normal oral mucosa,
but it was still non-significant as compared to the two other
groups. The collagen birefringence in aggressive central
giant cell granuloma was predominantly yellow-green with
statistically higher significant median value than other
groups (Table 1, Figure 3).

Correlation between CD163 and yellow-green fibers

Statistically, there was a significant direct correlation
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between area fraction of CD163 immuno-expression and associated with an increase in yellow-green fibers area
area fraction of yellow-green fibers (Correlation coefficient fraction and vice versa (Figure 4).
=0.749, P-value <0.001). Rise of CD163 area fraction is

Fig. 1: (a) normal mucosa. (b) Peripheral giant cell granuloma, (c) non-aggressive central giant cell granuloma, and (d) aggressive central giant cell granuloma
showing granular cytoplasmic immunohistochemical expression of CD163 in the stromal cells.
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Fig. 2: (a) normal mucosa. (b) peripheral giant cell granuloma, (c) non-aggressive central giant cell granuloma, and (d) aggressive central giant cell granuloma.
Predominance of yellow-green birefringence in aggressive central giant cell granuloma is noted.
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Fig. 3: Box plot representing median and range values for area fraction of
yellow-green birefreingence of collagen fibers and area fraction of CD163
immunopositivity in different groups.

Yellow-green fibers area %

CD163 area ™

Fig. 4: Scatter diagram representing direct correlation between area
fraction of CD163 and area fraction of yellow-green birefringence of
collagen fibers.
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Table 1: Descriptive statistics and results of Kruskal-Wallis test for comparison of median area fractions of CD163 immunohistochemical

expression and yellow-green fibers in different groups.

Normal Peripheral giant cell  Non-aggressive central Aggressive central .
. . Effect size (Eta
mucosa granuloma giant cell granuloma giant cell granuloma  P-value squared)
(n=10) (n=10) (n=10) (n=10) q
. 0.47 2.82 3.04 16.76
0,
Median (Range) of CD163 % g 4 7y c (0.96-6.78) ® (1.54-6.31) 8 (10.98-20.75) * 0.001° 0907
<0.
Median (Range) of yellow-green 1.67 3.18 3.72 17.57 0912
fibers % (0.32-2.852)¢ (0.31-5.35) ® (1.34-5.87)® (11.53-21.81)» ’

*: Significant at P < 0.05, Different superscripts indicate statistically significant difference between groups

DISCUSSION

Giant cell granulomas of the jaws represent a group
of heterogeneous lesions whose origin and etiology are
not fully elucidated. In the jaws, two entities of giant cell
granulomas have been identified: peripheral giant cell
granuloma and central giant cell granuloma. Central giant
cell granuloma can be categorized into non-aggressive and
aggressive central giant cell granuloma based on the clinical
and radiographic criteria. Although the three lesions have
similar histological components; multinucleated giant
cells and mononuclear mesenchymal cells, however they
have different clinical behavior?*?”. Due to the significant
growth of aggressive central giant cell granuloma, it can
be accompanied by various complications such as pain,
destruction of cortical plates and tooth mobility and
therefore, it need more aggressive treatment?®l. Mysteries
are still shadowing the pathogenesis of the three lesions,
and it is still unclear why some of these lesions act
aggressively, similar to the pattern of giant cell tumor of
long bones. Various questions regarding clinical behavior
of these lesions have not been clarified entirely™.

CD163 is a characteristic marker of TAMs. Previous
studies have shown that its expression is higher in tumor
microenvironment as compared to the healthy tissue.
Moreover, CD163 expression has shown association
with poor response to radiotherapy and poor prognosis
of head and neck squamous cell carcinoma®*3!l. CD163
expression is upregulated in several diseases including
inflammatory and chronic diseases. This up-regulation
was detected in CD163-expressing macrophages at the site
of inflammation. The expression of CD163 appears to be
associated with the increased aggressive behavior of the
lesion?,

In this study, we investigated the presence of TAMs
by measurement of immunohistochemical expression of
CD163 in peripheral giant cell granuloma and aggressive
and non-aggressive central giant cell granulomas in an
attempt to correlate this expression to aggressiveness of
these lesions and the possible effect on clinical behavior.
Our results have shown a statistically significant higher
existence of TAMs in aggressive central giant cell
granuloma than in the other non-aggressive entities.
Although peripheral giant cell granuloma and non-
aggressive central giant cell granuloma showed statistically
non-significant difference in CD163 immuno-expression,
however they still showed significantly higher levels of

TAMs when compared to normal oral mucosa. This was
in accordance with Mansor and Al-drobie**! who reported
a statistically non-significant difference in the immune-
histochemical expression of CD163 in peripheral giant cell
granuloma and central giant cell granuloma. Detection of
CD163 positive cells in the connective tissue of normal oral
mucosa in this study was in accordance with many previous
studies who reported similar minor expression®**3% which
could be explained by its expression in resident tissue
macrophagest®®!,

The abundance of TAMs in aggressive central giant
cell granuloma in this study was in line with other
studies which reported the association of TAMs with
aggressiveness of different lesions!®3%31:37], This association
could be explained through different pathways. TAMs
are key cells controlling angiogenesis in several lesions.
They recognize hypoxia in avascular parts of the lesion
and respond by formation of angiogenic factors, including
vascular endothelial growth factor -A which accelerates
chemotaxis of endothelial cells and macrophages. Besides,
TAMs release a significant number of pro-angiogenic
factors, including tumor necrosis factor a, semaphorin 4D,
basic fibroblast growth factor, urokinase-type plasminogen
activator, thymidine phosphorylase, and adrenomedullin®®!,
In addition, conditioned medium derived from TAMSs can
induce angiogenesis in various in vivo model systems as
reported by Hitoe et al.*”.

Various efforts have been made to realize the biological
importance of angiogenesis and the factors impacting
it in peripheral and central giant cell granulomas, and to
reach histopathological parameters as reliable indicators
of clinical behavior®®*. Peacock et al, studied giant
cell lesions and found that the vascularity and level of
angiogenesis in aggressive giant cell lesions were greater
than those in non-aggressive lesionsi*?. Such findings
propose that TAMs-induced angiogenesis may have a
part in clinical behavior of these lesions, that is why
we hypothesized that TAMs posses a vital role in the
aggressiveness and proliferation of giant cell granulomas.

Then again, TAMs can modify matrix production in
the lesion to favor its growth™. In addition, TAMs can
produce MMPs, cathepsins, and secreted protein acidic
and rich in cysteine (SPARC), all of which can degrade
and remodel the extracellular matrix*+*). So, the other
hypothesis in this study was that TAMs affect collagen
quality in terms of density, packing and type in the stroma
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of giant cell granuloma thus affecting the clinical behavior
of these lesions.

Many studies suggest that the higher the ratio between
collagen type III to collagen type I, the poorer the matrix
organization will bel***’]. Thus, the present study relay on
color birefringence of collagen fibers in the stroma of giant
cell granulomas to reflect the collagen quality.

The results of PSR stained sections in the current study
revealed statistically significant lowest collagen quality in
aggressive central giant cell granuloma by predominance
of yellow-green birefringence of collagen fibers in
comparison to other groups. Samples of peripheral giant
cell granuloma and non-aggressive central giant cell
granuloma showed equivalent low percentages of yellow-
green birefringence of collagen fibers with statistical non-
significant difference between them. The collagen density
and packing in these two groups was higher than aggressive
central giant cell granuloma as denoted by predominance
of red-orange birefringence of collagen fibers. Normal
oral mucosa on the other hand showed the statistically
significant lowest yellow-green birefringence of collagen
fibers among all groups and hence the highest collagen
quality and density.

The correlation between the aggressiveness of the
lesion and low collagen density has been reported in many
previous studies™**% which agreed with our study. The
link between low collagen quality and lesion aggression
could be explained by easier denaturing of this structurally
unstable collagen which usually consists of pro-collagen,
intermediate, or pathologic collagens with disorganized
pattern by the action of proteolytic enzymes of the stromal
tissuel!l.

The responsibility of myofibroblasts for immaturity of
collagen and its low quality has been elucidated in many
studiest>3, Surprisingly, Peaccok et al.** and O’Mally
et al.’* revealed myofibroblastic differentiation of many
fibroblasts in central and peripheral giant cell granulomas.
Atthe same time, Kujan e al.** suggested that the presence
of macrophages and myofibroblasts were responsible for
the behavior of central giant cell granuloma. Also, Maiz
et al 3 reported a positive significant association between
myofibroblast detection and root resorption as well as
cortical destruction in central giant cell lesions.

Interestingly, TAMs can drive the differentiation of
myofibroblasts in many lesions through different pathway
as CCLI18-driven signaling cascadel®7, secretion of
transforming growth factor-pF%, insulin-like growth
factor-1, which encourages the proliferation and endurance
of myofibroblasts™.

In line with abovementioned data, we found a direct
statistically significant correlation between the area
fraction of yellow-green birefringence of collagen fibers
and immunohistochemical expression of the CD163 in the
studied giant cell granuloma samples. Samples with high
CD163 expression (higher TAMs content) have higher

yellow-green birefringence of collagen fibers (low collagen
quality) and vice versa. Accordingly, an influencing role of
CD163 positive TAMs in determination of collagen quality
in giant cell granulomas of the jaw is possible and could
explain the aggressive behavior of some entities of this
category of lesions. Thus, treatment strategies targeting
TAMs in aggressive central giant cell granuloma could
help in controlling the aggressive clinical course of this
entity.
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