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Abstract
Objectives: Intrinsic apoptosis, which is regulated by Bcl-2 family proteins, has an 
important role in chronic inflammatory diseases. The aim of the study was to identify 
the tissue levels and ratios of anti- and pro-apoptotic Bcl-2 family proteins in peri-
implant diseases.
Materials and Methods: Twenty-three individuals with peri-implant mucositis, 25 
individuals with peri-implantitis, and 24 controls were included. The following clini-
cal parameters were recorded: keratinized mucosa width, modified bleeding index, 
probing depth, modified plaque index, modified gingival index, and keratinized tissue 
thickness. Marginal alveolar bone assessments were performed by a software pro-
gram. Granulation tissues were collected during treatments of peri-implant diseases. 
The control tissue samples were collected during the second stage of implant surgery. 
The tissue levels of Bcl-2 family pro-apoptotic (Bak, Bax, active caspase-3) and anti-
apoptotic (Bcl-2, Bcl-xL, Mcl-1) proteins were determined by multiplex immunoassay 
method.
Results: The pro-apoptotic proteins; Bak, Bax and anti-apoptotic proteins Bcl-2, 
Bcl-xL, Mcl-1 were detected significantly higher in controls compared with patients 
with peri-implant mucositis and peri-implantitis (p < .001), respectively. The higher ac-
tive caspase-3 levels were also detected in controls in comparison with peri-implant 
mucositis (p = .018) and peri-implantitis (p = .005). Anti-apoptotic: pro-apoptotic pro-
tein ratios (Bcl-2:Bax, p < .001; Bcl-2:Bak, p = .01; Bcl-xL: Bax, p = .006, Bcl-xL:Bak, 
p = .011; Mcl-1:Bak, p < .001) were significantly increased in diseased groups. A posi-
tive correlation was demonstrated between clinical variables and anti-apoptotic: pro-
apoptotic ratios.
Conclusion: Our findings indicate dysregulation of the Bcl-2 family proteins in peri-
implant diseases. This unregulated response may disturb the homeostasis of peri-
implant tissue.
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1  |  INTRODUC TION

Dental implants are indispensable treatment options for the re-
habilitation of partially or fully edentulous individuals; however, 
a great number of them develop biological complications (Derks 
et al., 2022). Peri-implant diseases are chronic inflammatory disor-
ders related to bacterial dysbiosis (Schwarz et al., 2018). The preva-
lence of peri-implant diseases, encompassing peri-implant mucositis 
(soft tissue inflammation alone) and peri-implantitis (inflammation 
with hard and soft tissue loss), is relatively high. It has been reported 
that approximately one out of three patients and one out of five 
dental implants experienced peri-implantitis (Kordbacheh Changi 
et al., 2019). Peri-implant mucositis is assumed to be the precursor of 
peri-implantitis, but the etiological and pathophysiological processes 
from peri-implant mucositis to peri-implantitis are still obscure 
(Ravidà et al., 2020). Several treatment options exist for peri-implant 
diseases (Schwarz et al.,  2021). Nonetheless, the treatments are 
challenging, and the outcomes may be unsatisfactory. Additionally, 
current evidence does not support a gold-standard treatment proto-
col (Ramanauskaite et al., 2021). The underlying mechanism of the 
peri-implant diseases keeps its enigmatical paradigm and evolving 
the peri-implant diseases as a major burden for dental community 
(Kumar et al., 2018).

Apoptosis is a programmed cell death mechanism, characterized 
by coordinated disintegration of dying cells into smaller fragments 
that ensure sequestration of intracellular component (Green, 2019). 
This specific type of cell death mechanism is triggered by multi-signal 
pathways and regulated by intrinsic and extrinsic pathways (Ketelut-
Carneiro & Fitzgerald, 2022). The intrinsic pathway initiates through 
signals that promote disruption of the mitochondrial integrity. When 
the mitochondrial integrity disrupts, cytochrome C release into cy-
tosol and activates the executioner caspase 3 (Picca et al.,  2021). 
Bcl-2 family proteins can directly control the mitochondrial mem-
brane permeability (Lalier et al., 2022). These proteins can be clas-
sified into different groups based on their structural and functional 
properties. According to their capability to inhibit or to stimulate 
cytochrome C release, they defined as anti-apoptotic (Bcl-2, Bcl-xL, 
Mcl-1) or pro-apoptotic proteins (Bax, Bak) (Youle & Strasser, 2008). 
Bcl-2 family proteins can form homo- and heterodimers with one 
another and overall, the ratio of pro to anti-apoptotic regulators may 
determine whether a cell is condemned to die or survive (Galluzzi 
et al., 2012).

Dysregulation of intrinsic apoptotic response, due to increase 
of anti-apoptotic: pro-apoptotic protein ratios, has been implicating 
in various chronic inflammatory diseases including, Crohn's disease, 
rheumatoid arthritis, and periodontitis (Figueredo et al., 2019; Itoh 
et al.,  2001; Williams et al.,  2018). According to these studies, in-
creased anti-apoptotic: pro-apoptotic protein ratios and decreased 
intrinsic apoptosis response cause persistent chronic inflammatory 
environment. Uncontrolled inflammatory response eventually leads 
to hard and/or soft tissue loss. The alterations in intrinsic apoptotic 
response can also contribute to the pathogenesis of peri-implant 
diseases, which have a chronic inflammatory nature (Schwarz 

et al., 2018). Studies regarding on the apoptosis in peri-implant dis-
eases are scarce (Bullon et al., 2004; Ganesan et al., 2022). To the 
best of our knowledge, Bcl-2 family protein levels and their ratios in 
peri-implant diseases have not been studied before. Based on this in-
formation, our hypothesis was that the severity of peri-implant dis-
ease relates to the unregulated intrinsic apoptotic response. The aim 
of the study was to detect the Bcl-2 family protein levels in healthy 
peri-implant mucosa and in inflamed peri-implant granulation tis-
sues. Additionally, we investigated the anti-apoptotic: pro-apoptotic 
Bcl-2 family protein ratios in relation to the severity of peri-implant 
disease.

2  |  MATERIAL S AND METHODS

2.1  |  Participant selection and clinical evaluation

The ethical permit of the study was approved by the Clinical Research 
Committee of the Sakarya University Faculty of Medicine (Approval 
number: E-16214662-050.01.04-85,162-217) in accordance to the 
ethical guidelines of Helsinki Declaration. The study protocol was 
explained to all participants, and their written informed consents 
were obtained.

All patients, who applied to clinics of the Department of 
Periodontology, Sakarya University, between March 2021 and June 
2022, were invited to the study. Patients were either treated by 
dental implants and in the maintenance phase or were still under 
dental implant treatment or applied with a complaint of their dental 
implants, which was performed by another center. For the selection 
of the study participants, the following inclusion criteria were ap-
plied: (1) partially/totally edentulous patients rehabilitated with a 
single/multiple implant-supported prosthesis, (2) dental implant sup-
ported restorations, which were in function for at least 1 year, (3) the 
presence of at least one screw-type (one- or two-part) titanium im-
plant diagnosed with peri-implant mucositis or peri-implantitis and 
indicated for treatment (for diseased study groups), (4) being non-
smoker (who were never smoked) and former smoker (quit smok-
ing for more than 5 years before the initiation of the study) (Levin 
et al., 2008). The exclusion criteria were as follows: (1) having gen-
eral contraindications for dental and surgical treatments, (2) being 
diagnosed with ongoing periodontal disease, (3) being pregnant or 
lactating, (4) having autoimmune or/and inflammatory diseases, (5) 
having uncontrolled diabetes (HbA1c > 7), (6) having corticosteroid 
therapy, and (7) being smoker. Overall, 72 participants and 72 dental 
implants (systemically healthy 23 individuals with peri-implant mu-
cositis, 25 individuals with peri-implantitis, and 24 healthy controls) 
were recruited to the study.

The demographic variables and the medical and dental back-
grounds of participants were obtained by interviews. After full-
mouth periodontal examination, the following clinical parameters 
were recorded at each implant site using by manual periodontal 
probe (Hu-Friedy, Chicago, IL, USA): (1) keratinized mucosa width 
(KTW), (2) modified bleeding index (mBI) (Mombelli et al., 1987), (3) 
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probing depth (PD), (4) modified PI (mPI) (Mombelli et al., 1987), (5) 
modified gingival index (mGI) (Mombelli et al., 1987), and (6) kera-
tinized tissue thickness (Kan et al.,  2003), from six sites of dental 
implants by single calibrated periodontist (Kappa: 0.92). Marginal 
alveolar bone assessments and bone loss percentages were accom-
plished through radiological evaluation using a software program 
(Image J, Wisconsin, USA). The health status of peri-implant tissues 
was diagnosed according to 2017 classification of Periodontal and 
Peri-Implant diseases (Berglundh et al., 2018). Peri-implant tissues 
that did not have any sign of inflammation and the absence of ra-
diological bone loss were considered as healthy. Peri-implant tissues 
with presence of bleeding and/or suppuration on probing and ab-
sence of bone loss beyond crestal bone level changes resulting from 
initial bone remodeling (when follow-up radiographs were compared 
with initial radiograph) were defined as peri-implant mucositis. While 
diagnosis of peri-implantitis required the presence of bleeding and/
or suppuration on probing, probing depths of ≥6 mm and radiological 
bone levels ≥3 mm apical of the most coronal portion of the intraos-
seous part of dental implants were required. Additionally, the sever-
ity of peri-implantitis was classified according to the defect length 
from the implant neck and the ratio of marginal bone loss relative 
to the total implant length (bone loss %) (slight <25% of the implant 
length (n = 11), moderate ≥25%–50% of the implant length (n = 9), 
advanced >50% of the implant length (n = 5)) (Monje et al., 2019).

2.2  |  Tissue sampling

Following baseline clinical evaluation, full-mouth prophylaxis or a 
periodontal maintenance was performed without subgingival de-
bridement. Patients, who were diagnosed with peri-implant mucosi-
tis or peri-implantitis, were treated by single periodontist (DY). The 
granulation tissue samples were harvested during the treatments 
of peri-implant mucositis (non-surgical) and peri-implantitis (resec-
tive, reconstructive, or combined treatment) (Menezes et al., 2016; 
Schwarz et al., 2022). Briefly, in nonsurgical treatment of peri-implant 
mucositis, inflamed granulation tissues were obtained by titanium 
curettes (Hu-Friedy, Titanium implant scaler mini-five, Chicago, IL, 
USA) during the mechanical debridement under local anesthesia. 
During the surgical treatment of peri-implantitis, following local an-
esthesia (articaine, 1:200,000), mucoperiostal flaps were elevated at 
both vestibular and oral aspects to expose the peri-implant defect. 
All granulation tissue was carefully harvested from the respective 
bony defect area by using titanium curettes (Hu-Friedy, Titanium 
implant scaler mini-five, Chicago, IL, USA). When peri-implant dis-
ease was diagnosed in more than one area, the granulation tissue 
was obtained from the peri-implant diseased tissue with the deep-
est probing depth. All patients with peri-implant diseases received 
maintenance therapy after the completion of their treatments. The 
healthy peri-implant mucosa tissue samples were collected during 
the second stage of surgery phase in regular dental implant treat-
ments with an incisional biopsy including the mucosa, which was in 
contact with the implant surface. All granulation and mucosal tissue 

samples were placed in Eppendorf tubes and stored at −80°C until 
being transferred to Institute of Dentistry, University of Turku, in dry 
ice for the biochemical analyses.

2.3  |  Quantification of the intrinsic 
apoptotic proteins

The defrosted tissue samples were weighed on a microbalance and 
then cut in small pieces by scalpels (Disposable scalpel #11, #15, 
Feather Safety Razor Co., Ltd, Osaka, Japan). Afterwards, samples 
were transferred to 2 mL tubes containing four ultrapure zirconium 
microspheres of 3 mm (beads) and 400 μL of lyzer buffer. The sam-
ples were homogenized with a high-speed tissue homogenizer (The 
TissueLyzer LT, Qiagen, Hilden, Germany) at 2000 rpm with four 
cycles of 60 s each, with an interval of 20 s on ice. After homog-
enization, samples were centrifuged at 10000 rpm for 4 min, and 
the beads were removed. Then, the samples were ultrasonicated 
(UP50H, Hielscher, Teltow, Germany) at 0.5 cycle, 100% amplitude 
with three cycles of 5 s each, with an interval of 20 s on ice; thereaf-
ter, they were centrifuged at 10,000 rpm for 4 min. The supernatants 
were transferred to another tube. Total protein levels of each sample 
were determined by Bradford assay (Hammond & Kruger, 1988).

Pro-apoptotic proteins (Bak, Bax, active caspase-3) and anti-
apoptotic proteins (Bcl-2, Bcl-xL, and Mcl-1) levels were determined 
by a bead-based immunoassay technique (Luminex xMAP, Luminex 
Corporation, Austin, TX, USA) with commercial kits (Bio-Plex Pro, 
RBM Apoptosis Assays, Bio-Rad Laboratories, Hercules, CA, USA) 
according to the manufacturer's instruction. The detection range 
of assays was as follows: Bak (0.98–592 ng/mL), Bax (0.69–280 ng/
mL), active caspase-3 (0.041–90 ng/mL), Bcl-2 (0.78–510 ng/mL), 
Bcl-xL (0.11–47 ng/mL), Mcl-1 (0.24–190 ng/mL). The pro- and anti-
apoptotic protein levels were normalized to the total protein levels 
of each sample. The tissue levels of related proteins were presented 
as ng/μg protein.

2.4  |  Statistical analyses

The statistical analyses were performed using by SPPS V.28.0.1.1 
(SPPS, Chicago, IL, USA). As no study existed in the literature that 
investigated the tissue levels of Bcl-2 family proteins in peri-implant 
tissue samples, the effect size 0.668 was defined based on a pre-
vious research reporting significantly different gingival tissue lev-
els of caspase-3 between systemically and periodontally healthy 
participants (Johnson & Wikle,  2014). With a power of 95% and 
α = 0.05, a minimum number of 21 participants was required for the 
comparison. Power analyses were performed by the G*Power 3.1 
(Universitat Kiel, Kiel, Germany). The data were presented as means 
(standard deviations) and medians. In normally distributed samples, 
one-way ANOVA with Bonferroni post-hoc analyses was applied to 
compare study groups. Non-parametric Kruskal–Wallis (for multiple 
comparisons) and Dunn–Bonferroni post-hoc methods were used 
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when comparing nonnormally distributed parameters. The Chi-
square test was used to compare the categorical variables between 
the study groups. Spearman correlation test was applied to deter-
mine the possible correlation between related proteins with clinic 
variables. A p-value of <.05 was considered statistically significant. 
The report of this study follows the STROBE guidelines.

3  |  RESULTS

Demographic and periodontal clinic variables of participants 
are presented in Table  1. The mean age of the participants was 
49.6 ± 9.7 years. No difference was observed in the age and gender 
distributions of the study groups. The mean functional time of den-
tal implants at which participants were included in the study was 
4.5 ± 1.7 years. As expected, highest PD, mPI, mGI, and mBI values 
were detected in peri-implantitis group followed by peri-implant 
mucositis group. Contrary, KTW of control and peri-implant mucosi-
tis groups was higher than that of peri-implantitis group (control vs 
peri-implantitis, p = .021; peri-implant mucositis vs peri-implantitis, 
p = .027). Among the subclassification of peri-implantitis, clinical pa-
rameters except PD (p < .001) and bone loss percentage (p < .001) 
did not show any difference.

The levels of pro-apoptotic proteins; Bak, Bax and anti-
apoptotic proteins Bcl-2, Bcl-xL, Mcl-1 were significantly higher in 
controls compared with patients with peri-implant mucositis and 
peri-implantitis (p < .001). The higher active caspase-3 levels were 
also detected in controls in comparison with peri-implant mucosi-
tis (p = .018) and peri-implantitis (p = .005), which are illustrated in 
Figure  1. There was not any difference between the peri-implant 
mucositis and peri-implantitis patients regarding their tissue pro- 
and anti-apoptotic protein levels. Interestingly, our results demon-
strated that anti-apoptotic: pro-apoptotic protein ratios (Bcl-2:Bax; 
peri-implant mucositis vs. control, p < .001, peri-implantitis vs. con-
trol, p < .001; Bcl-2:Bak; peri-implant mucositis vs. control, p = .01, 

peri-implantitis vs. control, p < .001; Bcl-xL: Bax; peri-implant muco-
sitis vs. control, p = .006, Bcl-xL:Bak; peri-implant mucositis vs. con-
trol, p = .011; Mcl-1:Bak; peri-implant mucositis vs. control, p < .001, 
peri-implantitis vs. control, p < .001) were significantly increased in 
diseased groups compared with controls (Figure  2). Regarding the 
subclassification of peri-implantitis, neither Bcl-2 family protein lev-
els nor anti-apoptotic: pro-apoptotic ratios demonstrated any signif-
icant differences among groups (p > .05).

Correlations regarding clinical parameters, intrinsic apop-
totic proteins, and anti-apoptotic: pro-apoptotic protein ratios are 
demonstrated in Table 2. Briefly, a positive correlation was demon-
strated between clinical variables and anti-apoptotic: pro-apoptotic 
ratios (Bcl-2:Bax, Bcl-2:Bak, Bcl-xL:Bak, Mcl-1:Bak), while a negative 
correlation existed between clinical variables and Bcl-2 family pro-
teins, also between pro-apoptotic and anti-apoptotic protein levels: 
Bax with Bcl-2 (r:−.465, p < .001), Bcl-xL (r:−841, p < .001), and Mcl-1 
(r:−783, p < .001); Bak with Bcl-2 (r:−.536, p < .001), Bcl-xL (r: −839, 
p < .001), and Mcl-1 (r: −868, p < .001); Active caspase 3 with Mcl-1 
(r:−.323, p = .013).

4  |  DISCUSSION

In the present study, we have demonstrated that Bcl-2 family 
protein-dependent increased anti-apoptotic: pro-apoptotic protein 
ratios and significant decreased levels of executive active caspase-
3 in peri-implant mucositis and peri-implantitis in comparison with 
controls. To the best of our knowledge, peri-implant tissue levels of 
Bcl-2 family proteins and their ratios in patients with peri-implant 
diseases were investigated for the first time.

Apoptosis is a fundamental physiological cellular activity that 
plays an important role in homeostasis (Green,  2019). Levels and 
types of Bcl-2 family proteins contribute to death or survival of 
the host cells by regulating intrinsic apoptosis (Ketelut-Carneiro & 
Fitzgerald,  2022). These proteins of intrinsic apoptosis can form 

Control 
N = 24

Peri-implant 
mucositis N = 23

Peri-implantitis 
N = 25 p

Age (years) 47.5 ± 8.2 49.8 ± 10.3 51.4 ± 10.5 .379

Female (%) 66.6 52.17 60 .099

PD (mm) - 3.58 ± 0.57 7.29 ± 1.15 <.001

mPI - 1.03 ± 0.8 2.25 ± 0.42 <.001

mGI - 1.33 ± 0.55 2.27 ± 0.33 <.001

mBI - 1.76 ± 0.32 2.35 ± 0.44 <.001

KTW (mm) 2.5 ± 0.83 2.47 ± 1.23 1.54 ± 1.45 .009

Thick Biotype (%) 50.8 43.47 36 .078

Bone loss percentage (%) - - 40 ± 18.8 <.001

Note: All data presented in mean ± standard deviation values. One-way ANOVA and Bonferroni 
corrections were used to analyze clinical variables. Chi-square test was used to compare 
categorical variables between study groups. Statistically significant p-values are in bolded.
Abbreviations: mBI, Modified bleeding index; mGI, Modified Gingival Index; mPI, Modified Plaque 
Index; PD, Probing depth; KTW, Keratinized tissue width.

TA B L E  1  Demographic and clinical data 
of study participants.
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    |  5YILMAZ et al.

homo- and heterodimers with one another, so what actually dic-
tates the final faith of the cell is regulated by the ratios of Bcl-2 
family proteins (Galluzzi et al., 2012). Therefore, we evaluated three 
distinct parameters including absolute expression levels, ratio of 

anti-apoptotic: pro-apoptotic protein levels, and the correlation 
between these proteins and clinical variables. It is known that sys-
temic and host-related determinants can modify the apoptotic re-
sponse. For instance, senescence, gender, and smoking status arise 

F I G U R E  1  Granulation and the healthy peri-implant mucosal tissue levels of pro-apoptotic proteins (Bax, Bak, active caspase 3) and anti-
apoptotic proteins (Bcl-2, Bcl-xL, Mcl-1) levels in relation to participants' peri-implant health status. Statistically significant p-values are in 
presented.

F I G U R E  2  Anti-apoptotic: pro-apoptotic protein ratios in relation to participants peri-implant health status. Statistically significant 
p-values are in presented.
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differences in apoptotic response in gingival tissues (Das et al., 2009; 
Johnson & Wikle, 2014; Karatas et al., 2020). The age and gender-
matched study groups and the strict exclusion criteria of common 
risk factors such as smoking in peri-implant diseases were the main 
strength of the present study. In addition, including the peri-implant 
mucositis and peri-implantitis patients, together with the subclassi-
fication of peri-implantitis, allowed us to demonstrate the variations 
in Bcl-2 family protein levels. However, the present study's cross-
sectional design prevents us from monitoring possible fluctuations 
of related proteins in relation to active or inactive inflammatory 
status, which is a limitation. In our study, tissue samples from peri-
implant disease patients were harvested from the deepest probing 
depth. Granulation tissue was selected as a sample material, as it can 
be considered as the most active and appropriate site reflecting an 
ongoing disease (Özdemir et al., 2020). As there was no ethical justi-
fication and clinical indication to excise healthy peri-implant muco-
sal tissues from participants, healthy control tissues were obtained 
during second stage of surgery or implant replacement. Therefore, 
the anatomical characteristics of healthy peri-implant mucosa and 
granulation tissues were different, and it can be considered as a sec-
ond limitation.

According to the present findings, both pro and anti-apoptotic 
Bcl-2 family proteins were decreased in peri-implant mucositis and 
peri-implantitis compared with healthy controls. Similar observations 
were previously presented in peri-implant diseases. For instance, 
peri-implant crevicular fluid levels of sirtuin 1 (SIRT1), which is a mol-
ecule that can regulate apoptosis, decrease in peri-implant mucositis 
and peri-implantitis compared with healthy controls (Wang, 2022). 
As well as negative correlation of SIRT1 with pro-inflammatory 
cytokines indicated decreased apoptotic response in peri-implant 
diseases, which was in accordance with present findings. Under 
physiological circumstances, increasing or decreasing levels of pro-
apoptotic proteins of Bcl-2 family should be accompanied by the 
anti-apoptotic counterpart (Youle & Strasser, 2008). Strong negative 

correlation of pro-apoptotic proteins with anti-apoptotic proteins in 
present study confirmed this expectation. Our results demonstrated 
higher anti-apoptotic: pro-apoptotic protein ratios in tissue samples 
of peri-implant disease compared with controls. Dysregulation of 
intrinsic apoptotic response, due to increase of anti-apoptotic: pro-
apoptotic ratios, has been demonstrated in other chronic inflam-
matory diseases, including Crohn's disease, rheumatoid arthritis, 
and periodontitis (Figueredo et al., 2019; Itoh et al., 2001; Williams 
et al., 2018). Higher expressions of pro-apoptotic protein levels and 
apoptosis-related genes in gingival tissues and peripheral bloods of 
periodontitis patients compared with healthy controls were demon-
strated (Liu et al.,  2016; Lundmark et al.,  2015). On the contrary, 
Figueredo et al.  (2019) presented anti-apoptotic traits in gingival 
tissues of chronic periodontitis. Peri-implantitis differs from peri-
odontitis with respect to anatomical features, cellular composition 
of the lesion, and the disease progression rate (Salvi et al.,  2017). 
Due to different characteristics of the periodontal and peri-implant 
diseases, it is expected that peri-implant diseases are associated 
with different apoptotic profile than the one that is observed in peri-
odontitis. Finally, based on our findings, Mcl-1: Bax ratios do not dif-
fer among the study groups. This disparity can be explained by the 
feature of Mcl-1. It has been demonstrated that Mcl-1 may not be as 
potent a protector against apoptosis as Bcl-2, and it does appear to 
be an important anti-apoptotic protein in some cell types including 
neutrophils (Denis et al., 2020).

Apoptosis has shown to be directly involved in the integrity of 
mucosal surface and the regulation of chronic inflammatory and im-
mune responses. Simultaneous activation of intrinsic apoptosis may 
be considered pathologic at the individual cell level (Green, 2019). 
Polymorphonuclear leukocytes represent the host's first line of de-
fense against different microorganisms, but their hyperactivity can 
cause tissue damage and may prolong the extent and severity of 
chronic inflammatory diseases including peri-implant mucositis and 
peri-implantitis (Noronha Oliveira et al., 2018). Delayed apoptosis of 

TA B L E  2  Correlations between clinical variables, Bcl-2 family proteins, and anti-apoptotic: pro-apoptotic protein ratios.

Age PD mPI mGI mBI KTW Bone loss %

Bcl-2:Bax .244, 0.050 .497, <0.001 .467, <0.001 .571, <0.001 .489, <0.001 −.235, 0.06 .228, 0.68

Bcl-2:Bak .148, 0.241 .435, <0.001 .345, 0.005 .405, 0.001 .445, <0.001 −.123, 0.327 .368, 0.003

Bcl-xL: Bax −.012, 0.920 .148, 0.233 .112, 0.365 .040, 0.745 .167, 0.289 −.126, 0.31 .003, 0.982

Bcl-xL:Bak .323, 0.011 .298, 0.02 .255, 0.047 .380, 0.003 .367, 0.008 −.051, 0.698 .144, 0.268

Mcl-1:Bax −.135, 0.308 .005, 0.971 −.042, 0.752 −.030, 0.839 −038, 0.786 −.191, 0.147 .127, 0.337

Mcl-1:Bak .216, 0.100 .553, <0.001 .567, <0.001 .571, <0.001 .589, <0.001 −.205, 0.119 .270, 0.039

Bax −.286, 0.015 −.616, <0.001 −.594, <0.001 −.699, <0.001 −.645, <0.001 .196, 0.098 −.320, 0.006

Bak −.191, 0.108 −.683, <0.001 −.618, <0.001 −.742, <0.001 −.675, <0.001 .200, 0.093 −.498, <0.001

Active caspase 3 −.017, 0.890 −.318, 0.007 −.274, 0.020 −.239, 0.043 −.268, 0.017 .117, 0.326 −.215, 0.070

Bcl-2 −.064, 0.610 −.587, <0.001 −.587, <0.001 −.634, <0.001 −.615, <0.001 .112, 0.375 −.428, <0.001

Bcl-xL −.281, 0.021 −.651, <0.001 −.625, <0.001 −.752, <0.001 −.649, <0.001 .111, 0.370 −.392, 0.001

Mcl-1 −.147, 0.266 −.625, <0.001 −.641, <0.001 −.641, <0.001 −.633, <0.001 .235, 0.073 −.433, 0.001

Note: Data presented as Spearman correlation coefficient, P-value. Statistically significant p-values are in bolded.
Abbreviations: mBI, Modified bleeding index; mGI, Modified gingival Index; mPI, Modified plaque Index; PD, Probing depth; KTW, Keratinized tissue 
width.
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neutrophils has been shown in peripheral blood and gingival tissues 
from patients with periodontitis (Gamonal et al., 2003; Lakschevitz 
et al.,  2013). As chronic inflammatory infiltrate in peri-implantitis 
granulation tissue is dominated by neutrophils and plasma cells 
(Rakic et al., 2022), it can be speculated that increased anti-apoptotic 
trait and positive correlations between clinical variables and anti-
apoptotic: pro-apoptotic protein ratios originated from neutrophil 
and plasma cells. However, peri-implant tissue consists of various 
kinds of resident and immune-cell types including fibroblasts, epi-
thelial cells, and macrophages, which differ in terms of their apop-
totic traits in inflammation and infection (Cheng et al., 2015; Fujita 
et al., 2012). Our analysis defines intrinsic apoptotic changes at the 
tissue level, without taking the cellular type into account. Further 
studies are warranted to determine the cell types that are responsi-
ble for the anti-apoptotic trait of peri-implant diseases.

One possible mechanism of the increased anti-apoptotic: pro-
apoptotic protein ratios and decreased intrinsic apoptotic trait in 
peri-implant diseases could be the dysbiotic character of the peri-
implant disease. It is known that apoptosis can be hijacked by bac-
teria and/or fungus to exit host cells, acquire nutrients, and evade 
host defenses (Ashida et al., 2011). It has been indicated that P. gin-
givalis and C. albicans can block the intrinsic apoptosis to maintain 
their intracellular lifestyle in gingival and oral epithelial cells, respec-
tively, and eventually decrease the intrinsic apoptotic trait (Castro 
et al., 2017; Villar et al., 2012). Indeed, White et al. (2020) showed 
that Streptococcus gordonii and Streptococcus sanguinis, which are 
known as oral commensal bacteria, can induce apoptotic response 
in oral epithelial cells to maintain bacterial colonization and tissue 
homeostasis in health. These findings are in accordance with the 
present data, which indicate increased intrinsic anti-apoptotic trait 
in peri-implant diseases. Future studies are warranted to investi-
gate the potential effect of peri-implant subgingival microbiome and 
host–bacteria interactions regarding intrinsic apoptotic response.

Apoptosis can also be mediated by extrinsic pathway. Extrinsic 
pathway of apoptosis is known as caspase-dependent and induced 
by extracellular stimulation (Green, 2019). Briefly, the external stim-
ulus initiate the death-inducing signaling complex (DISC) and the 
adequate DISC can directly activate caspase-8 to trigger the stimula-
tion of caspase-3 to initiate apoptosis (Singh et al., 2016). According 
to literature, intrinsic and extrinsic apoptotic pathways may not be 
coupled (Bock & Tait,  2020). Further studies would be beneficial 
to clarify the possible effect of extrinsic pathway constituents on 
anti-apoptotic traits in peri-implant diseases. Programmed cell death 
mechanisms, including apoptosis, autophagy, pyroptosis and necro-
ptosis, are actively communicated and coordinate with each other to 
maintain tissue homeostasis (Ketelut-Carneiro & Fitzgerald, 2022). It 
has been demonstrated that pyroptosis can be triggered by inflam-
mation in peri-implantitis (Chen et al., 2021), and autophagy played 
an essential role in osteoblast cell differentiation on titanium base 
surfaces (Zhang et al.,  2021). However, literature also illustrated 
that increased autophagy, pyroptosis, and necroptotic traits in dif-
ferent cells and tissues of periodontitis and peri-implantitis patients 
may inhibit cell apoptosis (Li et al., 2021; Yang et al., 2021). It can be 

hypothesized that the other cell death mechanisms may overcome 
the intrinsic apoptosis, and this may explain the increased intrinsic 
anti-apoptotic response in peri-implant disease. The exact switch 
between these cell death mechanisms is still unclear and needs fur-
ther investigation (Nikoletopoulou et al., 2013). It was shown that 
complex mechanisms can regulate the intrinsic apoptotic response in 
host cells (Picca et al., 2021). By understanding the mechanisms that 
inhibit the intrinsic apoptosis and provoke higher clinical parameters 
that seen in peri-implant diseases, diagnostic and therapeutic strat-
egies may be developed by future studies.

5  |  CONCLUSION

Within the limitation of present study, intrinsic anti-apoptotic trait is 
increased in peri-implant diseases. Dysregulation in the expression 
profiles of Bcl-2 family proteins in peri-implant tissues may take part 
in disruption of healthy tissue homeostasis, which may lead to the 
chronic inflammatory disease. Future studies are needed to describe 
the potential mechanisms.
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