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1  |  INTRODUC TION

Disease definitions for periodontitis and peri-implantitis were pre-
sented at the 2017 World Workshop on Classification of Periodontal 

and Peri-Implant Diseases and Conditions. Thus, periodontitis is a 
chronic inflammatory disease associated with dysbiotic dental 
plaque biofilms and characterized by progressive destruction of the 
tooth-supporting apparatus, including loss of clinical attachment 
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Abstract
Aim of the study: To evaluate differences in the cellular expression of DNA damage/
repair and reactive oxygen/nitrogen species between human periodontitis and peri-
implantitis lesions.
Material and methods: 40 patients presenting with generalized severe periodontitis 
and 40 patients with severe peri-implantitis were included. Soft tissue biopsies were 
collected from diseased sites in conjunction with surgical therapy and prepared for 
histological analysis. Four regions of interest were identified: the pocket epithelium 
(PE), the infiltrated connective tissue (ICT), which was divided into one inner area fac-
ing the PE (ICT-1) and one outer area (ICT-2). A non-infiltrated connective tissue area 
(NCT) lateral of the ICT was also selected.
Results: It was demonstrated that the ICT of peri-implantitis specimens was consider-
ably larger and contained significantly larger area proportions and densities of CD68-, 
MPO- and iNOS-positive cells than that of periodontitis samples. Cellular densities 
were overall higher in the inner ICT zone lateral of the PE (ICT-1) than in the outer ICT 
compartment (ICT-2). While the NCT area lateral of the ICT comprised significantly 
larger proportions and densities of y-H2AX-, iNOS-, NOX2-, MPO- and PAD4/MPO-
positive cells in peri-implantitis than in periodontitis sites, a reverse difference was 
noted for the area proportion and density of 8-OHdG-positive cells in the PE.
Conclusions: It is suggested that peri-implantitis lesions are associated with an en-
hanced and upregulated host response and contain larger numbers of neutrophils, 
macrophages and iNOS-positive cells than periodontitis lesions.
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and alveolar bone (Papapanou et al., 2018; Sanz et al., 2020). Peri-
implantitis is a plaque-associated pathological condition occurring 
in tissues around dental implants, characterized by inflammation in 
the peri-implant mucosa and progressive loss of the supporting bone 
(Berglundh et al., 2018; Schwarz et al., 2018). While the two diseases 
have several clinical features in common, for example clinical signs of 
inflammation, bleeding on probing, increased probing depth, in addi-
tion to loss of supporting tissues, peri-implantitis seems to progress 
in a non-linear and accelerating pattern and in a rate that is faster 
than that of periodontitis (Berglundh et al., 2018; Derks et al., 2016; 
Fransson et al., 2010; Schwarz et al., 2018).

Analysis of samples obtained from pre-clinical in vivo ex-
periments revealed that peri-implantitis lesions were larger and 
contained higher numbers of neutrophils and osteoclasts than peri-
odontitis lesions. In addition, peri-implantitis sites were poorly en-
capsulated, extended to the crestal bone and lacked an epithelial 
lining between the lesion and the biofilm in the apical portion of the 
pocket (Carcuac et al., 2013; Lindhe et al., 1992). While interpreta-
tion of data obtained from pre-clinical studies is restricted to the 
design of the experimental models, analysis of human biopsy ma-
terial from periodontitis and peri-implantitis sites provides unique 
and accurate assessments of the lesion characteristics. Such spec-
imens, however, are for obvious ethical reasons limited to the soft 
tissue components of the diseased site (Berglundh et al., 2011; 
Schwarz et al., 2018). Early reports on analysis of human peri-im-
plantitis lesions were based on small patient samples, and results 
were presented in descriptive terms of high densities of plasma cells, 
lymphocytes, neutrophils and macrophages (Berglundh et al., 2004; 
Gualini & Berglundh, 2003; Piattelli et al., 1998; Sanz et al., 1991). In 
studies comparing periodontitis and peri-implantitis lesions in hu-
mans (Becker et al., 2014; Bullon et al., 2004; Carcuac & Berglundh, 
2014; Fretwurst et al., 2020; Galindo-Moreno et al., 2017; Ghighi 
et al., 2018; Karatas et al., 2019; Kasnak et al., 2018; Konttinen et al., 
2006), peri-implantitis lesions were found to be considerably larger 
and contained greater densities of plasma cells, neutrophils and 
macrophages than periodontitis lesions.

The observation of enhanced numbers and densities of neu-
trophils in peri-implantitis lesions underlines the severity of the 
disease. As neutrophils represent the front-line of host response 
against pathogens, the majority of this cell group is expected to 
reside in pocket-associated connective tissue compartments in 
both periodontitis and peri-implantitis lesions. Previous reports on 
human peri-implantitis samples, however, have indicated that neu-
trophils also occur in high numbers in central portions of the lesion 
(Berglundh et al., 2004; Gualini & Berglundh, 2003). In addition to 
the observed variation in density and location of neutrophils be-
tween periodontitis and peri-implantitis samples, differences in 
functional aspects of the cells may also exist. Thus, neutrophils op-
erate with several functions to eliminate microorganisms, including 
the “respiratory burst” which leads to the production of superox-
ide (O2

−) and other reactive oxygen species (ROS) (El-Benna et al., 
2016). Other mechanisms, for example NADPH oxidases (NOX) and 
PAD4-mediated histone citrullination, are involved in the neutrophil 

extracellular trap (NET) release (Rohrbach et al., 2012; White et al., 
2016), while nitric oxide synthases (NOS) contribute to the produc-
tion of nitric oxide (NO) (Saini & Singh, 2019).

Even though neutrophils provide a host protective role and their 
antimicrobial products are physiologically balanced by antioxidant 
systems (Kanzaki et al., 2017; Wang et al., 2017), the host response 
may also generate cytotoxic and genotoxic side effects (Hajishengallis, 
2020). Thus, DNA damage in cells may occur either by the formation 
of 8-oxo-guanine (8-OHdG) (Salehi et al., 2018) or phosphorylation 
of the H2A histone variant γ-H2AX (Löbrich et al., 2010). As a con-
sequence, there is also a cellular response to DNA damage including 
the activation of the checkpoint kinase 2 (Chk2) (Zannini et al., 2014). 
Taken together, the numerous functional mechanisms among neutro-
phils and other front-line cells should be considered when evaluating 
histopathological differences between periodontitis and peri-im-
plantitis. In a continuing evaluation of human samples representing 
severe periodontitis and advanced peri-implantitis, initially reported 
by Carcuac and Berglundh (2014), the aim of the present investigation 
was to analyse differences in the cellular expression of DNA damage/
repair and reactive oxygen/nitrogen species (RONS) between human 
periodontitis and peri-implantitis lesions.

Clinical relevance

•	 Scientific rationale: Peri-implantitis lesions were found 
to be considerably larger and contained greater densi-
ties of plasma cells, neutrophils and macrophages than 
periodontitis lesions. The numerous functional mecha-
nisms among neutrophils and other front-line cells 
should be considered when evaluating histopathological 
differences between the two lesions.

•	 Principle findings: The present study demonstrated that 
the ICT of peri-implantitis specimens contained sig-
nificantly larger densities of CD68-, MPO- and iNOS-
positive cells than that of periodontitis samples. Cellular 
densities were overall higher in the inner ICT zone lat-
eral of the pocket epithelium than in the outer ICT com-
partment. While the non-infiltrated connective tissue 
area comprised significantly larger densities of y-H2AX-, 
iNOS-, NOX2-, MPO- and PAD4/MPO-positive cells in 
peri-implantitis than in periodontitis sites, a reverse dif-
ference was noted for the density of 8-OHdG-positive 
cells in the pocket epithelium.

•	 Practical implications: It is suggested that peri-implanti-
tis lesions are associated with an enhanced and upreg-
ulated host response. Moreover, as the NCT area was 
located outside the ICT and at a further distance from 
the pocket area than the ICT, the observation that the 
majority of the functional cell markers occurred in larger 
quantities in peri-implantitis than in periodontitis speci-
mens is remarkable.
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2  |  MATERIAL AND METHODS

Forty patients (24 women, eleven smokers, mean age 
64  ±  11.45  years, range 40-89) with generalized severe chronic 
periodontitis and 40 patients (23 women, eleven smokers, mean age 
70 ± 10.41 years, range 46-93) with severe peri-implantitis were re-
cruited from the Clinics of Periodontics in Gothenburg and Mölndal, 
Public Dental Services, Region Västra Götaland, Sweden. The 
study protocol was approved by the local Human Review Board of 
Gothenburg (Dnr 245-10). Details on the recruitment of patients and 
biopsy sampling procedures were previously described by Carcuac 
and Berglundh (2014). In brief, before enrolment, all subjects re-
ceived information about the study and signed an informed con-
sent. Patients were excluded if they had undergone periodontal or 
peri-implant therapy during the last 6 months and if they presented 
any systemic disease that could have affected the periodontal and 
peri-implant tissue conditions. All patients received a detailed and 
individualized case presentation, oral hygiene instructions and a pro-
fessional supra-gingival cleaning prior to the study. Soft tissue biop-
sies were collected from diseased sites in patients with periodontitis 
[bone loss ≥50% and probing pocket depth (PPD) ≥7 mm with bleed-
ing on probing (BoP)] and peri-implantitis [peri-implant bone loss 
≥3 mm and PPD ≥7 mm, with BoP and/or suppuration at ≥1 implant 
- function time for implants 2-10 years]. The biopsies were obtained 
in conjunction with periodontal/peri-implantitis surgery or tooth/
implant removal, mounted in a plastic cassette (Tissue-Tek Paraform 
Sectionable Cassette System; Sakura Finetek Europe, Netherlands) 
and placed in 4% buffered formalin for 48 hr.

2.1  |  Immunochemistry

The tissue samples were stored in 70% ethanol, kept at 4°C, subse-
quently dehydrated and embedded in paraffin. From each tissue por-
tion, 5-µm-thick sections were produced in a microtome, dewaxed 

and incubated in DIVA antigen-retrieval solution (Biocare Medical, 
Histolab, Concord, CA, USA) at 60°C overnight. The sections were 
incubated with a primary antibody for 30 min followed by incuba-
tion with Envision horseradish peroxidase (HRP)-labelled polymer 
(Agilent, Santa Clara, CA, USA) for 30 min. Positive cells were de-
tected using DAB substrate (Agilent). The antibodies used for the im-
munohistochemical preparations and their dilutions are presented in 
Table 1. The γ-H2AX marker (EMD Millipore Corporation) was used 
to identify DNA-damaged sites caused by double-stranded breaks 
(DSB), while the 8-OHdG marker (Abcam) was used to estimate the 
DNA damage caused by oxidative stress induced by oxygen species 
(ROS). The Chk2 marker (Abcam) indicated DNA damage response 
(DDS) involved in the repair of DNA damage. Neutrophils/polymor-
phonuclear cells were identified by monoclonal rabbit anti-human 
antibody myeloperoxidase (MPO) (Agilent), while the CD68 mono-
clonal antibody (Agilent) was used to detect macrophages. The iNOS 
marker (Abcam) was used to identify the secretion of antimicrobial 
NO and the NOX2 marker (Abcam) indicated the production of nico-
tinamide adenine dinucleotide phosphate (NADPH) oxidase. Finally, 
the formation of NETs was identified by double staining using a com-
bination of MPO and PAD4 markers (Abcam). Counterstaining was 
performed with haematoxylin. Finally, the sections were mounted 
and coverslipped. Human oral mucosa tissue sections were used as 
positive controls, while negative controls were produced by substi-
tuting the primary antibody with non-immune serum.

2.2  |  Histological analysis

Qualitative and quantitative histological examinations of the in-
flammatory cell infiltrate were performed using a microscope (Leitz 
DM-RBE microscope, Leica, Wetzlar, Germany). Each section was 
captured with a Glissando Desktop Scanner (Objective Imaging 
Inc, Kansasville, WI, USA) and transferred to a computer equipped 
with the computerized image analysis software Image-Pro Premier 

TA B L E  1  Description of the antibodies used for the immunohistochemical analysis

Antibody Type Dilution Target Isotype Company

γ-H2AX Rabbit monoclonal 1:300 DNA double-strand 
breaks

9F3 EMD Millipore Corporation, 
Temecula, CA USA

8-OHdG Mouse monoclonal 1:8,000 ROS oxidative stress IgG2b GeneTex, Irvine, CA, USA

Chk2 Rabbit polyclonal 1:400 DNA repair Poly IgG Abcam, Cambridge, UK

MPO Rabbit polyclonal 1:1,500 Polymorphonuclear 
cells

Poly IgG Agilent, Santa Clara, CA, USA

CD68 Mouse monoclonal 1:200 Macrophages IgG3 Agilent, Santa Clara, CA, USA

iNOS Rabbit polyclonal 1:50 Antimicrobial NO Poly IgG Abcam, Cambridge, UK

NOX2 Mouse monoclonal 1:500 Antimicrobial NADPH IgG1 Abcam, Cambridge, UK

PAD4/MPO Rabbit polyclonal 1:100/1:1,500 Neutrophils NETs Poly IgG Abcam, Cambridge, UK; Agilent, 
Santa Clara, CA, USA

Abbreviations: γ-H2AX, phosphorylated histone family member X; 8-OHdG, 8-hydroxyguanosine; Chk2, checkpoint kinase 2; MPO, 
myeloperoxidase; iNOS, inducible nitric oxide synthase; NOX2, NADPH oxidase 2; PAD4, peptidylarginine deiminase 4; ROS, reactive oxygen 
species; NO, nitric oxide; NADPH, nicotinamide adenine dinucleotide phosphate; NETs, neutrophil extracellular traps.
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(IPP, version 10; Media Cybernetics Inc., Rockville, MD, USA). The 
examinations were performed by one trained investigator (C.D) 
who was blinded to the origin of the samples. A mouse cursor was 
used to outline the different regions of interest (ROIs) (Figure 1). 
Thus, the entire area of the infiltrated connective tissue (ICT) lat-
eral of the pocket epithelium (PE) was depicted and divided into 
two equivalent ROIs: one inner area, facing the PE (ICT-1), and one 
outer area (ICT-2). The pocket epithelium (PE) was also selected as 
an ROI. In addition, a non-infiltrated connective tissue area (NCT) 
of about 0.10–0.50 mm2 lateral of the ICT was selected and des-
ignated as ROI in each specimen. The smart segmentation tool of 
the IPP software was used to identify each cell marker, using a 
differential method analysis of colour, intensity, morphology and 
size. Thus, the total area occupied by positive cells was assessed 
for each marker and its percentage area relative to the area of the 
ROI was calculated. Lastly, the average cell size for each cell marker 
category was assessed from 10 randomly selected sections. The 
number of positive cells in the different ROIs was computed using 
the data from the ROIs total area, the average cell size and the total 
area occupied by the positive cells. Cell numbers were expressed 
as total number and density of cells (number of cells/mm2) within 
the ROI.

2.3  |  Data analysis

Mean values and standard deviations were calculated for each varia-
ble and patient. The Mann–Whitney U test for independent variables 
was used for comparisons between patient groups (peri-implantitis 
vs periodontitis), while differences in densities between ROIs within 
the same disease category were analysed using the non-parametric 
Wilcoxon signed-rank test for dependent variables. The possible 
confounding effects of smoking on the results were analysed using 
the Kruskal–Wallis test for independent variables. The null hypoth-
esis was rejected at p < 0.05. As previously reported by Carcuac and 
Berglundh (2014), a difference in area proportions of cells of 3% be-
tween peri-implantitis and periodontitis lesions required a sample 
size of 30 subjects in each group, based on an α of 0.05, a standard 
deviation of 1.1%–2.5% and a power of 80%.

3  |  RESULTS

There were no statistically significant differences regarding age and 
gender distribution between the 2 patient groups. The number of 
smokers was equally distributed between the periodontitis and the 
peri-implantitis groups. There were no significant differences be-
tween smokers and non-smokers for any of the tested biomarkers 
(significance values adjusted by the Bonferroni correction for mul-
tiple tests >0.92).

Micrographs of periodontitis and peri-implantitis specimens rep-
resenting each cell marker are illustrated in Figure 2. The results from 

the analysis of the total area of ROIs and area proportions of positive 
cells are presented in Table 2. The areas of the ICT and PE were larger 
in peri-implantitis than in periodontitis sections (4.23 ± 0.19 mm2 vs. 
2.44 ± 0.31 mm2 and 0.77 ± 0.20 mm2 vs 0.64 ± 0.20 mm2, respec-
tively). These differences were statistically significant. Chk2-positive 
cells dominated among positive cells and occupied about 15%–16% 
of the ICT and PE areas in both periodontitis and peri-implantitis 
lesions. The area proportions of the ICT occupied by CD68-, MPO- 
and iNOS-positive cells were significantly greater in peri-implantitis 
than in periodontitis lesions, while a reverse difference between the 
two types of tissue samples was observed for the area proportions 
of the 8-OHdG-positive cells in PE. The area proportions of the ref-
erence-NCT area occupied by γ-H2AX-, iNOS-, NOX2-, MPO- and 
PAD4/MPO-positive cells were significantly greater in peri-implan-
titis than in periodontitis sites.

F I G U R E  1  Histological section showing the different regions of 
interest (ROIs). PE (pocket epithelium—in red), ICT-1 (inner portion 
of the infiltrated connective tissue—in yellow), ICT-2 (outer portion 
of the infiltrated connective tissue—in blue), NCT (non-infiltrated 
connective tissue—in green). Haematoxylin and eosin marker
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The results from the assessment of the total number of posi-
tive cells within the ROIs are depicted in Table 3. The numbers of 
γ-H2AX-, iNOS-, MPO-, PAD-4/MPO- and CD68-positive cells in 
the ICT were significantly higher in peri-implantitis than in periodon-
titis specimens. The PE in peri-implantitis sites contained signifi-
cantly greater numbers of MPO-positive cells and smaller numbers 
of 8-OHdG-positive cells than that in periodontitis sites. The NCT 
exhibited a significantly larger number of γ-H2AX-, MPO-, PAD4/
MPO- and CD68-positive cells in peri-implantitis than in periodon-
titis sites.

The results from the analysis of cellular densities within the dif-
ferent ROIs are reported in Table 3. The ICT contained significantly 
higher densities of iNOS-, MPO- and CD68-positive cells in peri-im-
plantitis than in periodontitis lesions. The density of MPO-positive 
cells in the ICT of peri-implantitis specimens was about 3 times larger 
than that in periodontitis lesions. Within the PE, 8-OHdG-positive 
cells presented with a significantly lower density in peri-implanti-
tis than in periodontitis sites. The NCT in peri-implantitis samples 
exhibited significantly higher densities of γ-H2AX-, iNOS-, NOX2-, 
MPO- and PAD4/MPO-positive cells than the NCT in periodonti-
tis specimens. The density of NOX2-positive cells was almost 6 
times larger than the corresponding density in periodontitis lesions. 
There were marked differences in distribution of cellular densities 
between ICT-1 and ICT-2 of both periodontitis and peri-implantitis 
sites (Table 4). Thus, ICT-1 exhibited overall about 1.5–3 times higher 
cellular densities than ICT-2. These differences were statistically sig-
nificant for each cell marker.

4  |  DISCUSSION

The present study evaluated differences in the cellular expression 
of DNA damage/repair and RONS between human periodontitis and 
peri-implantitis lesions. It was demonstrated that the ICT of peri-
implantitis specimens was considerably larger and contained sig-
nificantly larger area proportions and densities of CD68-, MPO- and 
iNOS-positive cells than that of periodontitis samples. Cellular den-
sities were overall higher in the inner ICT zone lateral of the PE (ICT-
1) than in the outer, deeply located ICT compartment (ICT-2). While 
the NCT area lateral of the ICT comprised significantly larger pro-
portions and densities of γ-H2AX-, iNOS-, NOX2-, MPO- and PAD4/
MPO-positive cells in peri-implantitis than in periodontitis sites, a 
reverse difference was noted for the area proportion and density of 
8-OHdG-positive cells in the PE. It is suggested that peri-implantitis 
lesions are larger and present with an enhanced and upregulated 
local host response in comparison with periodontitis lesions.

Histological findings on phenotype markers in the human spec-
imens of the present study were previously presented by Carcuac 
and Berglundh (2014). Thus, the observation on differences in 
size of the ICT together with numbers and densities of MPO- and 
CD68-positive cells in the present study is in agreement with data 
previously reported. In this context, it should be emphasized that 
different histological methods for the cell counting procedures were 
applied. While Carcuac and Berglundh (2014) used a well-established 
point-counting procedure to assess the percentage of positive cell 
markers within the ICT (e.g. Liljenberg et al., 1994; Zitzmann et al., 

F I G U R E  2  Histological sections prepared from periodontitis and peri-implantitis sites. Pocket area located to the right. Markers identified 
in the text. Magnifications ×20 and ×400
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2001), a new quantitative method that included analysis of colour, 
intensity, morphology and size of cells was employed in the current 
investigation. The high consistency of results regarding numbers 
and densities of MPO- and CD68-positive cells between the pres-
ent study and Carcuac and Berglundh (2014) validates the accuracy 
of the methods. Other studies have also reported on differences 
between human peri-implantitis and periodontitis lesions. Galindo-
Moreno et al. (2017) analysed soft tissue biopsies harvested from 15 
subjects with peri-implantitis and 15 with periodontitis. The histo-
logical analysis revealed that the inflammatory infiltrate in peri-im-
plantitis samples was more severe and contained higher proportions 
of plasma cells. Ghighi et al. (2018) analysed soft tissue biopsies ob-
tained from sites with persisting disease following initial mechani-
cal therapy in 11 patients with peri-implantitis and 10 patients with 
periodontitis. It was reported that peri-implantitis samples exhibited 
greater numbers of CD3-, CD20- and CD68-positive cells and an in-
creased expression of tissue inhibitor of matrix metalloproteinase-2 
when compared to periodontitis and healthy sites. The findings pre-
sented by Galindo-Moreno et al. (2017) and Ghighi et al. (2018) are 
in agreement with data obtained from the present material and un-
derline the consistency of differences between peri-implantitis and 
periodontitis lesions.

One of the main differences between peri-implantitis and peri-
odontitis lesions observed in the present study was the cellular 
expression of iNOS. Not only the ICT area but also the NCT compart-
ment of peri-implantitis specimens contained larger proportions and 
densities of iNOS-positive cells than the corresponding regions in 
periodontitis samples. Similar findings were presented by Fretwurst 
et al. (2020) who analysed iNOS-positive cells in a study on macro-
phage M1/M2 polarization in peri-implantitis and periodontitis le-
sions in 14 patients. The analysis revealed that the number of cells 
positive for the double staining of CD68 and iNOS (M1 polarization) 
was higher in peri-implantitis than in periodontitis lesions. On the 
other hand, Karatas et al. (2019) in a histological study on gingival 
and peri-implant soft tissue biopsies collected from 60 patients re-
ported that the expression of iNOS was lower in peri-implant muco-
sitis than in periodontitis and peri-implantitis specimens, while no 
difference was observed between periodontitis and peri-implanti-
tis sites. Nevertheless, the observed higher number and densities 
of macrophages (CD68), neutrophils (MPO) and iNOS-positive cells 
in peri-implantitis lesions in the present study indicate an enhanced 
local host response, which is line with observations on a more pro-
nounced rate of disease progression in peri-implantitis as opposed to 
periodontitis (Berglundh et al., 2018; Derks & Tomasi, 2015).

The dominating cell marker in both types of specimens in the 
present material was the Chk2, which indicates expression of DNA 
repair mechanisms (Jackson & Bartek, 2009). The density of this 
marker was considerably higher than other markers but did not 
differ between peri-implantitis and periodontitis samples in any of 
the ROIs. While the expression of DNA repair was higher in the ICT 
and PE compartments than in the NCT region of both tissue types, 
the cellular density of this marker in the NCT was about 10 times 
higher than that of the other markers. Thus, DNA repair appears to TA
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be a common feature of cells in normal tissues but becomes upreg-
ulated in inflamed areas. In this context, it is notable that the num-
ber and density of cells positive for the 8-OHdG marker indicating 
ROS-induced DNA damage within the PE were higher in periodon-
titis than in peri-implantitis specimens. A similar trend was also ob-
served in the ICT area. These findings are partly in contrast with 
data presented by Kasnak et al. (2018). They evaluated the expres-
sion of 8-OHdG in the sulcular/PE of soft tissue biopsies obtained 
from patients with peri-implantitis, periodontitis and periodontally 
healthy tissues. It was reported that the expression of 8-OHdG 
was higher in peri-implantitis and periodontitis specimens than 
in healthy tissue samples, while no differences were observed 
between peri-implantitis and periodontitis. Based on the results 
presented by Kasnak et al. (2018) and the data from the present 
study showing considerably lower densities in the NCT than in the 
PE and ICT, it is evident that the 8-OHdG is a biomarker for in-
flammation. Similar results were reported from a meta-analysis of 
data on salivary samples from patients with periodontitis and peri-
odontally healthy individuals (Paredes-Sánchez et al., 2018). The 
differences in number and density of cells positive for the 8-OHdG 
marker in PE between periodontitis and peri-implantitis sites in the 
present study should also be viewed in the context of variations in 
dimensions of soft tissue components and histopathological char-
acteristics between peri-implantitis and periodontitis sites as de-
scribed in previous reports (Berglundh et al., 2011, 2018; Carcuac 
& Berglundh, 2014; Schwarz et al., 2018). Thus, the PE in peri-im-
plantitis sites does not cover the entire pocket area, which results 
in an uncovered apical 3rd of an inflamed connective tissue facing 
the biofilm in the pocket. In addition, due to the lack of a peri-
odontal ligament, the ICT of peri-implantitis spreads to the crestal 
bone. Taken together, the ICT in peri-implantitis, as opposed to 
the ICT in periodontitis sites, is larger and extends apical of the PE 
(Berglundh et al., 2019). This feature should also be addressed re-
garding the finding of higher densities and numbers of iNOS-pos-
itive cells in peri-implantitis than in periodontitis, which indicates 
an enhanced secretion of the antimicrobial NO in the conspicuous 
exposure of pathogens to the uncovered apical part of the ICT of 
peri-implantitis pocket area.

The present study also detected differences in cell numbers and 
densities in the NCT area between the two types of tissue samples. 
The NCT area was selected as a reference region that was clearly 
separated from the ICT. Although cell densities and numbers were 
overall considerably smaller in the NCT than in the ICT and PE areas 
in both tissue categories, the NCT in peri-implantitis specimens 
showed 2–6 times higher levels of MPO-, iNOS-, NOX2- and MPO/
PAD4-positive cells and a higher expression of γ-H2AX than the 
NCT of periodontitis sites. The importance of this observation is un-
clear as the expression of the present cell markers is a typical char-
acteristic for inflammation. Thus, NOX are involved in host defence 
mechanisms including the formation of superoxide ions and release 
of NET (Bedard & Krause, 2007; White et al., 2016), while PAD4-
mediated histone citrullination promotes the release of antimicrobial 
molecules outside the cellular compartment (Rohrbach et al., 2012). TA
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The NCT is by its definition a NCT area consisting of normal connec-
tive tissue constituents. As the NCT area was located outside the 
ICT and at a further distance from the pocket area than the ICT, the 
observation that the majority of the functional cell markers occurred 
in larger quantities in peri-implantitis than in periodontitis specimens 
is remarkable.

With regard to the design of the present study of using data ob-
tained from analysis of cell markers in histological specimens, lim-
itations concerning interpretation of results should be considered. 
Thus, cellular expression of various markers in a biopsy material 
represents a cross-sectional approach and may not necessarily re-
veal an ongoing process or molecular production. This limitation is 
not unique for the present study as it refers to investigations overall 
using histological preparations of biopsy material. It is, however, im-
portant to point out that several of the markers used in the present 
protocol indicate functional features and results should be inter-
preted accordingly.

In conclusion, the destructive nature of peri-implantitis le-
sions is associated with an enhanced and upregulated host re-
sponse including larger numbers of neutrophils, macrophages and 
iNOS-positive cells than periodontitis lesions. While structural 
differences between periodontal and peri-implant tissues may ex-
plain variations in the spread of the lesions, other potential factors 
produced by the local environment of the titanium device should 
be considered.
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