
destruction. Hence, inflammasome activation influences the
capacity and crosstalk of bone remodeling players, particularly
osteoclasts and osteoblasts, leading to increased bone
degradation and decreased bone formation, thereby resulting
in inflammatory bone loss (Figure 3).

INFLAMMASOMES IN INFLAMMATORY
OSTEOLYSIS OF THE ALVEOLAR BONE
AND JAWS

As stated above, inflammasomes have both protective and
detrimental effects on host defense and bone remodeling. In
this section, we focus on the roles of inflammasomes in the
pathogenesis and development of diseases related to dysregulated
alveolar bone remodeling, provide an update of current
knowledge of the possible effects of inflammasome activity on
different cell types (including but not limited to osteoclasts,
osteoblasts, macrophages, monocytes, and periodontal ligament
cells) in etiologically diverse diseases, and summarize current
research gaps and potential developments in the field (Table 2).
Moreover, given that the alveolar bone is part of the maxilla and
mandible bone tissue and may be affected by pathological factors
influencing the jaws, we describe several diseases associated with

inflammatory bone loss in the upper and lower jaws presented as
local osteolysis or a typical part of systemic osteolysis.

Inflammasomes in Periodontitis
Periodontitis, with an estimated 796 million severe cases globally
in 2017, is a common oral inflammatory condition that induces
periodontal bone loss and consequential tooth loss and acts as a
risk factor for systemic disorders, such as cardiovascular disease
and colorectal cancer, owing to the presence of bacteremia and
inflammation (206–208). P. gingivalis and Fusobacterium
nucleatum are frequently detected pathogens in chronic
periodontitis, as is Aggregatibacter actinomycetemcomitans in
localized aggressive periodontitis (133, 209, 210). IL-1b is a
vital player in the pathogenesis and development of
periodontitis (211). IL1B gene polymorphisms are a risk factor
for periodontitis (212). Upregulation of IL-1b expression, which
can be reversed by nonsurgical periodontal therapy, is frequently
observed in saliva, periodontal pocket, gingival crevicular fluid
(GCF), and serum in patients with periodontitis and is related to
various clinical parameters, such as bleeding on probing (BOP)
and radiographic assessment (213–215). After periodontal
treatment, increased mRNA levels of IL1B in chronic
periodontitis were also significantly reduced in peripheral
blood mononuclear cells (PBMCs) of patients with BOP ≥ 16%
but not of patients with BOP < 16% (216). Moreover, increased

FIGURE 3 | The role of inflammasome activation in the crosstalk of bone remodeling factors. Inflammasome activation promotes osteoclast activity by upregulating
their differentiation from hematopoietic stem cells and dendritic cells, and enhancing their bone resorption ability. Osteoblasts, osteocytes, macrophages, neutrophils,
PDLCs, and Th17 cells can also promote osteoclast activity in the context of inflammasome activation. The decreased osteogenesis and increased pyroptosis of
osteoblasts and periodontal ligament cells downregulate bone formation and upregulates periodontium inflammation. Upregulated processes associated with
increased inflammasome activation are marked in red, and downregulated processes are marked in green. ALP, alkaline phosphatase; MMPs, matrix
metalloproteinases; OCN, osteocalcin; PDLCs, periodontal ligament cells; ROS, reactive oxygen species; RUNX2, runt-related transcription factor 2; Th17 cells, T
helper 17 cells.
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Briefly, during surgical therapy under local anesthesia, a band of soft 
tissue was gently removed by an internal bevel incision from the ves-
tibule/lingual aspect of the lesion to the bottom of the peri- implant 
pocket.

Supracrestal soft tissues from around the teeth, that were 
healthy from the clinical point of view, were collected to be analyzed 
as control. In this case, the site was classified as healthy according 
to the 2017 World Workshop on the Classification of Periodontal 
and Peri- implant Diseases and Conditions (Chapple et al., 2018). The 
indication for tooth extraction had to be for orthodontic or caries 
reasons. Similarly, before the tooth was extracted, internal bevel and 
intrasulcular incisions were made to collect a representative band of 
gingival tissue.

2.2  |  Outcomes measures

2.2.1  |  Histopathological analysis

For conventional morphology and morphometrical analyses, the 
biopsies were fixed in buffered 10% formaldehyde at room tem-
perature for 48 h. The samples were then paraffin- embedded in an 
Autotechnicon tissue processor (Leica TP1012), sectioned at 3 μm 
thickness, and stained with hematoxylin- eosin (H&E), Masson's tri-
chromic (MT), picrosirius red (SR), and Movat's pentachromic (MP) 
modified by Russell (Suvarna et al., 2019).

Morphometrical analyses were conducted in the central, sul-
cular, and vestibular areas of the lamina propria (Figure 1a). Im-
ageJ software (http://imagej.nih.gov/ij/) was used to assess the 
area occupied by inflammatory infiltrate, connective tissue, and 

fibrillar collagens in each zone. A total of 1440 10× images with 
a CD70 camera coupled to a BX51 microscope (Olympus Optical 
Company, Ltd.) were taken, 15 per each slide of the Movat's pen-
tachromic, and picrosirius red staining. For each image, we cal-
culated the relative area occupied by cells, the connective tissue, 
and the fibrillar collagens (measured with picrosirius red stain and 
visualized with polarized light).

2.2.2  |  Immunohistochemical analysis

Immunohistochemical techniques were used to visualize the expres-
sion, location, and number of leukocyte subsets and other relevant 
cell types per mm2. We used different prediluted monoclonal an-
tibodies: anti- CD45 (all leukocytes), anti- CD20 (B lymphocytes), 
anti- CD3 (T lymphocytes), anti- CD15 (neutrophils leukocytes), 
anti- CD68 (monocytes/macrophages), anti- CD138 (plasma cells), 
and anti- CD34 (endothelial cells). Following the methodology of 
our group's previous studies, the slides were deparaffinized, rehy-
drated, and treated in a pre- treatment thermal PT module (Thermo 
Fisher Scientific Inc.) with a 1 mM EDTA buffer pH 8, for 20 min 
at 95°C. After peroxidase blocking for 15 min and washing with 
TBS + Tween20 buffer, the aforementioned primary antibodies were 
applied at the manufacturer recommended concentration for 30 min 
at room temperature. The staining was then developed in an auto-
matic immunostainer (Autostainer480S, Thermo Fisher Scientific 
Inc.) using a peroxidase- conjugated micropolymer and diaminoben-
zidine as chromogen. Contrast was performed with Mayer's progres-
sive hematoxylin stain. All prediluted antibodies were purchased 
from the same manufacturer (Vitro- Master Diagnóstica).

F I G U R E  1  (a) Explanatory diagram 
showing the location where the analyses 
were conducted within the lamina propria 
and panoramic microphotography of 
representative biopsies of free gingival 
mucosa from (b) control group and (c) 
peri- implantitis group. Note the intense 
inflammatory infiltrate in lamina propria 
near the sulcular epithelium. Masson's 
trichromic stain, original magnification 
1.25×.
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The activation of NLRP-3 & AIM-2 inflammasomes is implicated in tissue 
destruction in both periodontitis and peri-implantitis

Identifying specific triggering factors remains essential to advance 
targeted therapies and improve the prognosis of these pathologies

Conclusions


