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Objective: The aim of this study was to detect and compare the tissular expression

patients with peri-implantitis, periodontitis, and controls.

Funding information Materials and Methods: An observational study was performed on patients with
Junta de Andalucia peri-implantitis, periodontitis, and controls. Peri-implant and/or periodontal clinical
examinations were performed on each participant. Tissue samples were collected
during tooth/implant extraction for clinical reasons. Electron microscopy analysis,
Picro-Sirius red staining, immunohistochemical (CD15), and immunofluorescence
(citrullinated H3 and myeloperoxidase) techniques were performed to detect NET-
related structures and the degree of connective tissue destruction, between the
study groups.

Results: Sixty-four patients were included in the study: 28 peri-implantitis, 26 peri-
odontitis, and 10 controls, with a total of 51 implants, 26 periodontal teeth, and
10 control teeth. Neutrophil release of nuclear content was observed in transmission
electron microscopy. Immunohistochemical analysis showed a greater CD15 expres-
sion in both peri-implantitis and periodontitis compared to controls (p < 0.001), and
peri-implantitis presented lower levels of connective tissue and collagen compared to
both periodontitis (p = 0.044; p < 0.001) and controls (p < 0.001). Immunofluores-
cence showed greater citH3 expression in peri-implantitis than the one found in both
periodontitis (p = 0.003) and controls (p = 0.048).
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1 | INTRODUCTION

With the significant expansion of implant dentistry in recent years
and an increasing number of implants placed annually, the prevalence
of peri-implant diseases has also risen.! The prevalence of peri-
implantitis exhibits considerable variability, depending on the defini-
tion used, ranging from 6.9% to 29.6% after a mean follow-up of
18.9 years, as reported in recent studies.? More recent investigations
indicate an incidence of 10.4% after 5 years and 19.5% after 10 years,
suggesting that one in five patients with implant-supported overden-
tures will develop peri-implantitis within a decade.®

Peri-implantitis represents the most severe form of these dis-
eases and is clinically defined by signs of inflammation such as bleed-
ing on probing, erythema, swelling, and loss of supporting bone
tissues around the implant.* While peri-implantitis shares several
clinical and radiologic features with periodontitis, significant differ-
ences in histopathological characteristics have been reported, show-
ing clinical distinctions in disease onset and progression. Among
these differences, the absence of a periodontal ligament in implants,
variations in surrounding tissues compared to natural teeth, lower
vascularization, and collagen fibers arranged parallel to the implant
axis, are included.® Additionally, distinct bacterial species play a role
in peri-implantitis compared to those typically associated with
periodontitis.®

Previous studies on periodontitis and peri-implantitis lesions

reported that peri-implant tissues are more susceptible to

What this study adds

o This is the first study that assesses the role of NETs in peri-implantitis.

sis of peri-implantitis.

Conclusions: A greater presence and involvement of neutrophils, as well as a greater
connective tissue destruction were observed in cases of peri-implantitis. A higher
expression of NET-related markers was found in mucosal samples of peri-implantitis

compared to periodontitis and controls.

extracellular traps, fluorescent antibody technique, immunohistochemistry, microscopy,
neutrophils, peri-implantitis, periodontitis

e The release of neutrophil extracellular traps (NETs) has been reported as an antibacterial
mechanism by neutrophils and has also been related to autoimmune damage.

e The association of NETs with periodontitis and gingivitis has been reported, but mostly on
peripheral blood neutrophils and not tissue samples.

e The role of NETs in the pathogenesis of peri-implantitis has not been studied to date.

e Our results showed that a higher expression of neutrophils and NET formation biomarkers
was found in samples of peri-implantitis compared to periodontitis and controls.
o These findings suggest a greater involvement of neutrophils in the inflammatory pathogene-

inflammation,” although other studies have reported histopathologi-
cally low differences. Despite peri-implantitis being considered an
inflammatory plaque-associated disease,* some authors have pro-
posed alternative etiological factors in the onset and progression of
peri-implant diseases.” Besides surgical-related factors, such as vestib-
ular implant placement, other factors like the presence of excess
cement in the peri-implant soft tissue can induce inflammation trig-
gering biological responses associated with peri-implant diseases. The
release of ions and metal particles from implants and metallic abut-
ments has also been linked with inflammatory processes in oral soft
tissues, as observed in the case of inflammasome-mediated
inflammation.©

Neutrophils have been traditionally considered one of the main
defense mechanisms against microbes, and a key cell type in initiating
the inflammatory response.!! In addition to their antimicrobial mecha-
nisms through phagocytosis, activated neutrophils generate a
response in which neutrophil DNA forms web-like structures that are
expelled in the extracellular medium, known as neutrophil extracellular
traps (NETs).}2 NETs are mainly composed of DNA and DNA-related
proteins, including histones, and also contain granules with neutrophil
antimicrobial peptides such as elastase, myeloperoxidase (MPO), and
cathepsin G.2® NET release can be triggered by pathogens or their
products, as well as a range of agents including reactive oxygen spe-
cies and certain periodontal bacterial species.24"1¢
The role of NETSs in several autoimmune diseases has been pro-

posed, as tissue accumulation of NETs and NETs-related components,
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along with impaired clearance of them, have been associated with tis-
sue damage.?”"*® Previous studies have reported a higher expression
of NETs in gingival tissue of periodontitis and gingivitis patients com-
pared to healthy samples.!® Elevated NET formation in peripheral
blood neutrophils has also been observed in patients with experimen-
tal gingivitis.>° However, the potential role of NETs in the pathogene-
sis peri-implantitis and the comparison of NET expression between
peri-implantitis and periodontitis have not been reported yet.

The hypothesis of our study is that polymorphonuclear neutro-
phils (PMN) and NETSs play a more significant role in the pathogenesis
of peri-implantitis, leading to higher NET expression in this inflamma-
tory process. Therefore, the objective of our study was to detect and
compare NET expression in gingival and mucosal tissue biopsies from

patients with peri-implantitis, periodontitis, and controls.

2 | MATERIALS AND METHODS

21 | Subjects

An observational cross-sectional study was designed involving
patients diagnosed with peri-implantitis, periodontitis, and healthy
controls. Participants were consecutively recruited from a dental sur-
gery clinic in Granada, Spain, between January 2019 and July 2020.
All individuals accepted to participate and provided written informed
consent before any procedure was conducted, and the study was con-
ducted in agreement with the Declaration of Helsinki, according to its
seventh revision in 2013. Approval was obtained from both the
Human Research Ethics Committee of the University of Granada (ref.
639/CEIH/2018) and the Granada Research Ethics Committee (CEI
Granada. ref. 0337-N-20). “Strengthening the Reporting of Observa-
tional Studies in Epidemiology” (STROBE) guidelines were followed in
the preparation of this manuscript.?*

Peri-implantitis was defined based on the 2018 World Workshop
case definition, as bleeding and/or suppuration upon gentle probing,
probing depths 26 mm, and bone levels 23 mm apical to the most cor-
onal portion of the intra-osseous part of the implant.* Cases with
more than 50% bone loss in short implants (<9 mm in length) were
also considered peri-implantitis. Peri-implantitis patients were also
required to be periodontally healthy or in stable supportive periodon-
tal therapy. Periodontitis was defined as the presence of detectable
interdental clinical attachment loss (CAL) at >2 non-adjacent teeth, or
buccal or oral CAL 23 mm with pocket probing depth (PPD) >3 mm.?2
Controls were subjects with no history or clinical signs of periodontitis
or peri-implantitis (probing depth <3 mm and no radiographic signs of
bone loss), requiring extractions for other clinical reasons, such as
orthodontic treatment. Exclusion criteria included age under 18 years
old, implant or tooth loss unrelated to peri-implantitis or periodontitis
(such as trauma or prosthetic reasons), pregnancy, breastfeeding, neo-
plastic diseases, or severe infections, use of antibiotics or anti-
inflammatory therapy in the last 3 months, history of bisphosphonate

or high-dosage corticoid therapy, or radiotherapy.

2.2 | Clinical examination and biopsy collection

Clinical examinations were performed in each implant/tooth before
extraction using a specific periodontal probe (PCPUNC15, Hu-Friedy,
Chicago, IL, USA) and an exploration dental mirror (SE plus® mouth
mirror, Hahnenkratt E. GmbH, Konigsbach-Stein, Germany). Probing
pocket depth was measured in millimeters in four sites per implant/
tooth (vestibular, medial, lingual, and distal). Bleeding on probing and
visible plagque were recorded for each implant/tooth. Peri-implant or
periodontal soft-tissue samples were collected during the extraction
of failed implants due to peri-implantitis following the criteria from
the International Congress of Oral Implantologists (ICOI) consensus
(any of the following: pain on function, mobility, >50% bone loss or
uncontrollable exudate),?® or extraction of hopeless teeth due to peri-
odontitis (any of the following: probing depths >8 mm, >75% bone
loss, class Ill mobility or furcation defects).?* In the control group,
soft-tissue samples were gathered after extraction of the teeth for
other reasons, as previously stated. A band of soft tissue was obtained
from the vestibule/lingual aspect of the lesion through an internal
incision that extended apically beyond the bottom of the peri-implant
sulcus. The samples were collected from each implant/tooth, and then
divided in two fragments, one for histological and immunohistochemi-

cal (IHC) analyses and the other for immunofluorescence (IF) analysis.

2.3 | Transmission electron microscopy study
Several 1 mm? sections of gingival papilla were fixed in 2.5% glutaral-
dehyde, post-fixed with 1% osmium tetroxide, dehydrated in a graded
series of ethanol, and embedded following a conventional protocol.
Ultrathin (~70 nm-thick) sections were obtained in a Reichert Jung
ULTRACUT ultramicrotome (Leica, Wetzlar, Germany), and staining
with lead citrate and uranyl acetate were performed. Sections were
then examined in a Libra 120 Plus TEM (Zeiss, Oberkochen,
Germany).

2.4 | Histopathological analysis

For histological analyses, gingival papilla samples, including sulcular
and oral epithelium in each one, were obtained from all participants in
the study and were immediately fixed in 10% buffered formalin at
room temperature for 48 h. Paraffin-embedded samples were depar-
affinized in xylol (3 passes of 5 min) and then re-hydrated in ethanol
following a decreasing gradation procedure (absolute, 96%, and 70%,
2 passes of 3 min, respectively). Tissue sections were stained with
hematoxylin-eosin (H-E), and Picro-Sirius red. The morphological
study was then performed by a blinded researcher on 4-um sections
with a BX42 light microscope (Olympus Optical Company, Ltd., Tokyo,
Japan). Ten random images stained with Picro-Sirius red and normal
light microscope or polarized light were captured from each sample

with a 20x objective in a microscope with a digital camera attached
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(DP70, Olympus Optical Company). Images were then analyzed with
the software ImageJ (NIH, http://imagej.nih.gov/ij/) to quantify the
percentage of area occupied by connective tissue (CT) and collagen in

lamina propria, respectively.

2.5 | Immunohistochemical analysis
Paraffin-embedded sections were deparaffinized, hydrated, and heat-
treated in 1 mM EDTA (pH 8) for antigenic unmasking in an antigen
retrieval PT module (Thermo Fisher Scientific Inc., Waltham, MA,
USA) at 95°C for 20 min. Sections were incubated for 1 h at room
temperature with prediluted monoclonal Anti-CD15, a surface marker
expressed by neutrophils, determined to identify and observe neutro-
phil distribution in the gingival tissue samples?® (Vitro-Master Diag-
nostica, Granada, Spain). The immunocytochemical study was
conducted using the micropolymer-peroxidase-based method (Master
Polymer, Vitro-Master Diagndstica) with an automatic immunostainer
(Autostainer 480S, Thermo Fisher Scientific Inc., Waltham, MA) fol-
lowed by development with diaminobenzidine. Appropriate positive
(tonsil) and negative (non-immune serum) controls were performed
concurrently. Hematoxylin was used for nuclear counterstaining. The
IHC study was done in a blinded fashion on 4 um sections with BX42
light microscopy (Olympus Optical Company, Ltd., Tokyo, Japan), by
using the 40x objective in a microscope with an attached scale (BH2,
Olympus Optical Company), the number of positive cells was quanti-
fied per mm?2. Results were also expressed as percentages of positive
cells for each antibody, counting 100 cells per high-magnification field
(40x objective) in three independent experiments. Histomorphometri-
cal quantification was performed semiautomatically using each immu-
nostain. Ten random images were captured from each sample with a
40x objective in a microscope with a digital camera attached (DP70,
Olympus Optical Company). Images were then analyzed with the soft-
ware ImageJ (NIH, http://imagej.nih.gov/ij/) to quantify the percent-
age of area occupied by both immunostains.

2.6 | Immunofluorescence analysis

For IF staining, frozen sections were defrosted at room temperature
for 30 min and putting in acetone for 5 min. Then sections were
blocked with 5% Bovine Serum Albumin (BSA) and permeabilized with
0.5% Triton in Phosphate Buffered Saline (PBS) for 5 min. The sec-
tions were then incubated overnight at 4°C with anti-acetyl-histone
H3 antibody, Alexa Fluor® 647 Conjugate (1:100, 06-599-AF647,
Invitrogen, Waltham, MA, USA). The sections were then incubated for
1 h at 4°C with goat anti-human MPO polyclonal antibody (1:100, AF
3667, R&D Systems, Minneapolis, MN, USA). The slides were then
rinsed three times for 5 min with PBS and incubated with a secondary
antibody (Alexa Fluor 488 donkey anti-goat Immunoglobulin G (IgG)
(H + L) (A11055), Invitrogen, Waltham, MA, USA) for 1 h at room
temperature. Slices were counterstained with100 uL of aqueous
Hoechst 33342 (1:1000 dilution) for 15 min in the dark at room

temperature. Imaging was performed with a Leica TCS SP5 and SP8

confocal microscope (Leica, Wetzlar, Germany).

2.7 | Statistical analysis

Kruskal-Wallis and Fisher's exact tests were used to compare the
overall differences among all groups. Dunn's test for non-parametric
pairwise comparisons was employed to independently assess all possi-
ble pairs and identify the specific groups where statistical differences
were observed. All procedures of the statistical analysis were per-
formed with Stata 14 (StataCorp LLC, College Station, TX, USA). A
value of p < O.was considered statistically significant in all tests. Statis-
tical tests used are described in each table's footnotes.

3 | RESULTS

Our sample comprised 64 individuals, including 23 men (36%) and
41 women (64%), with a mean age of 57.8 + 13.3 years. The sample
was divided into three groups: 28 subjects (45%) with peri-implant
disease, 26 individuals (40%) with periodontitis, and 10 healthy sub-
jects (15%). Sociodemographic data for the three groups are pre-
sented in Table 1.

A total of 51 implants affected with peri-implantitis were diag-
nosed in the peri-implantitis group. Table 2 provides data of these
implants and other implant-related variables. Clinical examination
results performed in all implants and teeth included in the study are
presented in Table 3. As expected, controls exhibited statistically sig-
nificant lower probing pocket depths compared to implants with peri-
implantitis and teeth with periodontitis. Additionally, controls showed
a higher presence of plaque and bleeding on probing (Table 3).

Transmission electron microscopy analysis of periodontitis
(Figure 1A) and peri-implantitis (Figure 1B) samples revealed wide-
spread damage in CT, including substantial presence of dead and
inflammatory cells. Neutrophils were abundant, with some of them
displaying NET-related phenomena, such as empty nuclei and broken
nuclear membranes, associated with chromatin expulsion to the extra-
cellular medium.

Results of IHC and IF analyses are presented in Table 4. CD15
expression was significantly lower in controls compared to both peri-
implantitis (p = 0.008) and periodontitis (p < 0.001) (Figure 2A-C).
Picro-Sirius red staining for both CT and collagen, revealed statistically
significant differences between all groups. Peri-implantitis group
exhibited lower expression of CT and collagen compared to periodon-
titis (p = 0.044 for CT and p < 0.001 for collagen) and to controls
(p <0.001 for CT and p < 0.001 for collagen). Periodontitis had
greater CT and collagen expression that peri-implantitis, but lower CT
(p < 0.001) and collagen (p = 0.002) compared to controls (Figure 3).
Confocal microscopy analysis of IF images showed that peri-
implantitis exhibited greater expression of citH3 compared to both
periodontitis (p = 0.003) and controls (p = 0.048). However, there
were no differences in citH3 expression between periodontitis and
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TABLE 1 Sociodemographic variables of the patients included in the study (n = 64).

Variable Peri-implantitis (n = 28) Periodontitis (n = 26) Controls (h = 10) p-value

Total samples 51 implants 26 teeth 10 teeth

Age, mean = SD 59.0+7.6 59.6 + 13.3 51.1+224 0.475°

Gender, n (%)
Male 8(28.6%) 10 (38.5%) 5 (50%) 0.416°
Female 20 (71.4%) 16 (61.5%) 5 (50%)

Smoking, n (%)
Yes 12 (42.9%) 8 (30.8%) 3 (30%) 0.685°
No 16 (57.1%) 18 (69.2%) 7 (70%)

Alcohol, n (%)
Yes 5(17.9%) 3(11.5%) 1(10.0%) 0.889°
No 23 (82.1%) 23 (88.5%) 9 (90.0%)

Diabetes, n (%)
Yes 3(10.7%) 7 (26.9%) 3 (30.0%) 0.221°
No 25 (89.3%) 19 (73.1%) 7 (70.0%)

Hypertension, n (%)
Yes 4(14.3%) 4(15.4%) 0(0%) 0.610°
No 24 (85.7%) 22 (84.6%) 10 (100%)

Other systemic diseases, n (%)
Yes 0 (0%) 2(7.7%) 2 (20.0%) 0.075°
No 28 (100%) 24 (92.3%) 8 (80.0%)

@Kruskal-Wallis test.
BFisher's exact test.

controls (p =0.138). MPO expression showed no differences
between peri-implantitis and periodontitis groups, and MPO expres-
sion in the control group was negative (Figure 4).

4 | DISCUSSION

There are no precedents in the literature for studies addressing NETs
in patients with peri-implantitis. Most of the studies published to date
have been performed in periodontitis or healthy controls, mostly in
blood neutrophils of these patients. The results of the present study
reveal distinct expressions of neutrophil and NET-related markers in
mucosal samples of peri-implantitis, periodontitis and controls. Peri-
implantitis showed greater CD15 expression than periodontitis and
controls. Additionally, peri-implantitis samples showed decreased CT
and collagen. IF analysis of NET-related markers showed higher citH3
expression in peri-implantitis compared to the other groups.
Peri-implantitis is characterized by inflammation in the peri-
implant mucosa, leading to progressive bone loss around dental
implants.* Microbial dysbiosis and an exacerbated immune response
are among the main agents in its pathogenesis.?® Notably, common
periodontal pathogens have been identified in healthy, peri-implant
mucositis, and peri-implantitis sites, raising doubts about their sole
association with peri-implantitis. Other bacterial species not tradition-

ally associated with periodontal disease, have been associated with

peri-implantitis.?” Clinically induced peri-implantitis should also be
considered, as local factors such as incorrect implant placement,
excess cement, or metal ions and particle release may contribute to
peri-implantitis without microbial involvement.?® The role of inflam-
masomes should also be taken into consideration. Although AIM2
inflammasome is activated by double-DNA factors, NLRP3 inflamma-
some may not only be activated by microbial species, but also by
metal particles.?’ This mechanism allows to explore different novel
pathogenic mechanisms and biological pathways in the progression of
peri-implantitis, as an inflammatory process related to different cell
death mechanisms, as pyroptosis (also promoted by inflammasomes)
or NET formation.

Implants with peri-implantitis and teeth with periodontitis
showed a greater number of neutrophils compared to controls. Neu-
trophil presence in tissue was determined by the number of CD15-+
cells, a surface marker use that has been extensively used for identify-
ing and observing the tissue distribution of neutrophils, as previously
reported in several studies,?® and there were no differences in the
expression of this marker between both diseases in our series. Surface
expression of CD15 has been used as a canonical neutrophil marker,
and has been highly correlated with immune activity of these cells in
cases of active and treated diseases, since its expression is higher

in mature neutrophils,3°'31

and has been used together with MPO as a
positive NETs marker.3> CD15+ cell count was higher in peri-

implantitis compared to periodontitis, but these differences did not
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TABLE 2 Implant-related variables of the implants (n = 51) in
patients with peri-implantitis included in the study (n = 28).

Variable n (%)

Implant type, n (%)

Branemark 2 (3.9%)

Astra Tech 29 (56.9%)

Microdent 20 (39.2%)
Location ant/post, n (%)

Anterior 18 (35.3%)

Posterior 33 (64.7%)
Location upper/lower, n (%)

Maxillary 8 (15.7%)

Mandibular 43 (84.3%)
Function time?, n (%)

0-5 years 7 (24.1%)

5-10 years 6 (20.7%)

>10 years 16 (55.2%)
Prosthesis, n (%)

Single crown 3(5.9%)

Fixed partial denture 39 (76.5%)

Overdenture 5(9.8%)

Hybrid prosthesis 4 (7.8%)
Mobility, n (%)

Yes 2 (3.9%)

No 49 (96.1%)
Pain, n (%)

Yes 6(11.8%)

No 45 (88.2%)
Peri-implantitis severity

Early 25

Moderate 12 (23.5%)

Advanced 14 (27.5%)

2Function time data only available for 29 implants.

achieve statistical significance. CD15 expression at the sulcular zone
of the gingival biopsies showed similar results to previous studies

assessing this biomarker.®

Neutrophil deficiency in their number
and/or function has been associated with the development of disease.
Neutrophil hyperactivity, excessive release of NETs, or inefficient
removal of NETs from periodontal or peri-implant tissue can cause CT
damage, which is the main consequence of periodontal disease.>® Sev-
eral studies have suggested that NETs may have a key role in the
pathogenesis of periodontitis (including its severity), and a relationship
between NET formation, periodontal disease, and other systemic dis-
eases, such as atherosclerosis.>*

Decreased CT and collagen levels in the tissue samples with peri-
implantitis were found compared to periodontitis and controls. This
difference was also found in collagen between periodontitis and con-

trol samples. This may be explained by the subjacent inflammatory

process also present in periodontitis, but with a lower tissue break-
down compared to the one in peri-implantitis. An imbalance between
matrix metalloproteinases and tissue inhibitors of metalloproteinases
has shown to be the main cause of collagen breakdown in the extra-

35 and these molecules are the

36

cellular matrix during periodontitis,
main collagenases in peri-implantitis,” explaining the greater CT
destruction observed in our results.

CitH3 is a form of histone H3 modified through citrullination, a
post-translational modification that involves the conversion of argi-
nine amino acids to citrulline. This modification alters the structure
and function of H3. This marker has been mainly associated with
inflammation and autoimmunity, and it is one of the main structural
components of NETs. Our results showed a higher expression of
citH3 in peri-implantitis compared to both periodontitis and control
samples. A previous pilot study from our group determined the
expression in biopsies of MPO and citH3 in gingivitis, periodontitis,
and controls. NET expression was found to be higher in gingivitis than
periodontitis, concluding that NETs could be associated with acute
phases of the inflammatory process.’? This finding supports the
results of the present study, and we hypothesize that peri-implantitis
lesions present a different inflammatory profile, with a higher acute
inflammatory component, than periodontitis lesions.® In this type of
inflammatory response, NETs would play a major role and therefore
its expression is higher in peri-implantitis lesions. To the best of our
knowledge, no other in vivo assessment of citH3 in mucosal tissue of
patients with peri-implantitis has been published so far. Histones
associate with DNA in the nucleus of neutrophils and help to con-
dense it into chromatin.®” Histones can also act as antimicrobial pep-
tides through several mechanisms such as permeabilization of the
bacterial membrane, binding to bacterial DNA, RNA or lipopolysaccha-
ride, and pathogen entrapment as a component of NETs. All these
characteristics make NETSs bactericidal by themselves, and do not only
rely on the antimicrobial peptides embedded in them.*® According to
White et al., several stimuli may induce NET formation such as Gram-
positive and Gram-negative bacteria and their components.*> NETs
can also be harmful if they are produced in excess or if their clearance
from tissue is impaired. Citrullinated and non-citrullinated compo-
nents of NETs have an autoimmune potential, which have been asso-
ciated with the development of periodontitis. Periodontitis may
initiate the deamination of relevant histones such as H2A, H4, or H3.
H3 epitope may become undetectable due to structural modifications,
and therefore H3 activity may be affected.® It has also been reported
that H3 may not be mandatory for NET formation since it is a product
of PAD4 activation.®”

MPOQ is one of the main antimicrobial enzymes produced by neu-
trophils during the inflammatory response. MPO has been shown to
be a relevant mediator of tissue damage and the subsequent inflam-
mation in a wide range of inflammatory processes and diseases. MPO
binds to extracellular matrix proteins, plasma proteins, and glycosami-
noglycans, and causes localized changes and site-specific in tissue
through ionic interactions and oxidant production.*® Recent studies
have shown that MPO expression showed no significant differences

between peri-implantitis and periodontitis. MPO has been associated
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TABLE 3
Variable Peri-implantitis (n = 51)

Plaque, n (%)

Yes 44 (86.3%)

No 7 (13.7%)
Bleeding on probing, n (%)

Yes 42 (82.4%)

No 9 (17.6%)
Mesial PPD (mm), mean + SD 64+25
Distal PPD (mm), mean + SD 68+28
Vestibular PPD (mm), mean + SD 64+28
Lingual PPD (mm), mean + SD 62+28
Average PPD (mm), mean + SD 64+25

Periodontitis stage
|
1l
1]
[\
Periodontitis grade
A
B
C

Peri-implant and periodontal clinical variables of implants and teeth in patients included in the study.

Periodontitis (n = 26) Controls (h = 10) p-value
21 (80.8%) 2 (20%) <0.001?
5(19.2%) 8 (80%)

23 (88.5%) 1 (10%) 0.005?
3 (11.5%) 9 (90%)

44+20 15+07 <0.001°
42+20 1.3+07 <0.001°
3.8+£22 11+03 <0.001°
42+19 11+03 <0.001°
41+15 13+04 <0.001°
4(15.4%)

13 (50.0%)

4(15.4%)

5(19.2%)

0 (0%)

21 (80.8%)

5 (19.2%)

Note: Averages and standard deviations are reported for continuous variables. All regression analyses adjusted for several implants within patients.

Abbreviation: PPD, pocket probing depth.
*Multilevel logistic regression.
bMultilevel linear regression.

FIGURE 1 Transmission electron
microscopy images. (A) Micrograph from a
periodontitis sample showing degraded
plasmatic cells with remains of the
endoplasmic reticulum. Visible remains of
a neutrophil showing irregularities and
partial membrane degradation.

(B) Micrograph from a peri-implantitis
sample showing conserved neutrophils
and remains of organelles with
ultrastructural morphological alterations
and lysosomal granules. Their degradative
phenomena are compatible with
neutrophil extracellular trap (NET)
formation. Bar scale: 2 um.

with periodontal/peri-implant tissue destruction, and its activity was
significantly increased in the saliva of patients with periodontal dis-
ease compared to healthy individuals. These levels were reduced after
non-surgical periodontal therapy.** According to Liskmann et al., com-
paring clinically healthy implants and with peri-implantitis, MPO levels
were significantly higher in peri-implantitis lesions, and correlated
with clinical variables. A similar inflammatory response in tissues
around implants and natural teeth was expressed, and MPO was

described as a potential surrogate inflammatory marker in implants.*?

MPO has been associated with the destruction of peri-implant tissue.

The study by Carcuac et al. conducted histopathological analyses in
biopsies gathered from patients with severe generalized periodontitis
and with severe peri-implantitis. They reported a greater number of
MPO-positive cells in peri-implantitis compared to periodontitis, and
peri-implantitis had higher lesion size than periodontitis.*> Our results
showed no differences in MPO expression between groups, and the
reasons may be the different series of patients used and the variability

that this marker may show, especially considering differences in terms
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TABLE 4
Peri-implantitis Periodontitis
Variable [A] (n = 38) [B] (n = 22)
CD15 total (cells/mm?) 446.7 + 580.8 4954 + 555.9
CD15 vestibular (cells/ 2545 +219.8 192.7 + 289.5
mm?)
CD15 sulcular (cells/mm?) 966.3 + 561.6 649.0 + 800.1
Picro-Sirius red—CT (%) 18.3 + 10.0 25.7 £ 18.5
Picro-Sirius red—collagen/ 7.3+55 134+ 7.6
(%)
IF—citH3 (%) 17.3+5.7 17+18
IF—MPO (%) 123 +11.7 122+ 16.6

Note: Averages and standard deviations are reported for continuous variables.

Immunohistochemical and Immunofluorescence markers expressions of peri-implant and periodontal gingival biopsies.

p-value
Controls A A B
[C] (n = 10) Globa® vs.B® vs. CP vs. C®
89.6 +81.3 0.044 0.009 0.008  <0.001
40.3 + 30.6 0.015 0.066  <0.001 0.010
102.4 + 130.0 <0.001 0.019  <0.001 0.006
50.4 + 13.9 <0.001 0.044  <0.001 0.003
15.3+3.3 <0.001 <0.001 <0.001 0.002
65+56 0.007 0.003 0.048 0.138
0 0.944 0.403 - -

Abbreviations: citH3, citrullinated H3; CT, connective tissue; IF, immunofluorescence; MPO, myeloperoxidase.
@Multilevel linear regression analysis adjusted for several implants within patients.

bDunn's test for pairwise comparisons.
“Picro-Sirius red with polarized light.

FIGURE 2

Immunocytochemical study in sulcular area of gingival tissue. Numerous neutrophil CD15 positives in peri-implantitis (A),

periodontitis (B), and lower number in control (C) samples (arrows). (peroxidase-conjugated micropolymer detection. Original magnification: 20x).

Bar scale: 100 um. E, epithelium; LP, lamina propria.

of disease severity, making it a sample-dependent analysis. MPO defi-
ciency results in an exacerbated inflammatory response, affecting
neutrophil function.**

This study also presents some limitations. The sample size, albeit
larger than previous NETs and periodontitis studies, remains relatively
small. Though sufficient for detecting significant correlations among
PMN count, CD15 expression level, and NETs in all three study
groups, larger sample sizes could enhance the robustness of findings.
The heterogeneity of implant characteristics among patients with
peri-implantitis is also a potential limitation of the present study, spe-
cifically in terms of type of implant placed, type of prosthesis, and
other variables, as seen in Table 2. Future studies with greater sam-
ples could apply more strict inclusion criteria, study specific type of
prosthesis/implants, or even adjust for these variables in a multivari-
ate analysis with a larger sample size. The cross-sectional design is
also a limitation, and longitudinal designs should be performed in the

future to confirm the results of this manuscript. Also, the reliance on

tissue analyses makes results inherently sample-dependent, prompt-
ing the need for replication in diverse patient cohorts and settings.

To our knowledge, this is the first study evaluating in vivo the role
of NETs in peri-implantitis. The colocalization of the components per-
formed in the present study is the current most recommended for
NET identification in tissue samples.*>*¢ The results from this study
provide new insights into the underlying mechanisms of
peri-implantitis, giving relevance to the role of neutrophils and NET
formation in its pathogenesis. These results also provide potential
therapeutic targets for preventing and treating peri-implant diseases
in the future.

In conclusion, a higher expression of NET-related markers was
found in mucosal tissue of peri-implantitis compared to periodontitis
and healthy controls, suggesting a more relevant role of these immune
cells and their associated mechanisms in the pathogenesis of peri-
implantitis. Further studies are needed to completely understand the

role of NETs in this disease and its pathogenesis.
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Periodontitis Control

s
o

Connective Tissue

Collagen

FIGURE 3 Picro-Sirius red staining images obtained with transmitted light microscope in peri-implantitis (A), periodontitis (B), and control (C),
and polarized light (peri-implantitis D, periodontitis E, and control F). Lower connective tissue (deep red color) in peri-implantitis, and periodontitis
compared with control. Morphological detection of collagen fiber (birefringent image area) using Picro-Sirius red with polarized light (original
magnification 20x). Bar scale: 100 pum.

CitH3 MPO DAPI Merge

Perrm:)am-lt-ls. . . .
o . . . .
N . . . .

FIGURE 4 Confocal microscopy immunofluorescence images. Expression of H3 (shown in red), myeloperoxidase (MPO) (shown in green), and
DAPI DNA staining in the three study groups. Structures compatible with neutrophil extracellular trap (NET) formation are found in cases of peri-
implantitis and periodontitis. (Immunofluorescence, original magnification 40x).
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