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Abstract
Background: The aim of this study was to examine the relationship between
healing response after non-surgical periodontal treatment and baseline gingival
tissue levels of M2 macrophage activation-related proteins CD163, interleukin
(IL)-10, interferon (IFN)-γ, and tumor necrosis factor-like weak inducer of
apoptosis (TWEAK), and the CD163/TWEAK ratio.
Methods: Eighty-eight gingival tissue samples from 44 Stage III/IV, Grade C
periodontitis patients (18 smokers) and 41 tissue samples from 41 periodon-
tally healthy participants (18 smokers) were evaluated. Clinical parameters were
recorded in periodontally healthy individuals at baseline and in periodontitis
patients at pre-treatment and 2, 6, and 12 weeks following therapy. IL-10, IFN-γ,
CD163, and TWEAK levels were analyzed with Luminex technique.
Results: Tissue levels (median, 1st–3rd quartile) of IL-10 (pg/ng protein), CD163
(pg/μg protein) and TWEAK (pg/μg protein) were as follows: IL-10 periodontitis:
2.08, 0.86–5.32 and periodontally healthy: 5.22, 3.20–10.25; CD163 periodontitis:
8.85, 4.92–14.06 and periodontally healthy: 18.36, 12.51-34.02; TWEAK periodon-
titis: 0.08, 0.05–0.11 and periodontally healthy: 0.16, 0.12–0.21. IL-10, CD163,
and TWEAK levels were higher (P < 0.001) in periodontally healthy tissues
than in periodontitis tissues. Pocket closure at 12 weeks was associated with
elevated baseline gingival CD163 levels (P = 0.047) and CD163/TWEAK ratio
(P= 0.001). Elevated baseline gingival CD163/TWEAK ratio was associated with
pocket reduction at 6 (P = 0.022) and 12 weeks (P = 0.002).
Conclusion: Associations of pocket closure with pre-treatment gingival tissue
CD163 levels and CD163/TWEAK ratio indicate that baseline M2 macrophage
activation profile may play a role in periodontal wound healing.
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1 INTRODUCTION

The aim of periodontal treatment is to re-establish tis-
sue homeostasis by disrupting the microbial biofilm and,
thereby, to ease the prolonged, destructive inflammatory
burden.1 Inflammation initiates as a natural reaction to
pathogens with a concurrent counter reaction to con-
fine infection’s deteriorating effects and restore tissue
integrity.2 The pathogenic activity of the biofilm and the
balance between pro- and anti-inflammatory signals deter-
mine whether the disease persists or resolves.2 These sig-
nals are formed by a complex network of molecules, such
as cytokines and complement proteins, and cells like neu-
trophils, T-lymphocytes, and macrophages.3 Macrophages
can be roughly categorized as classically activated pro-
inflammatory M1 and alternatively activated M2 phe-
notypes. M2 macrophages have anti-inflammatory, pro-
angiogenetic, and proliferative functions.4 The inability to
switch between macrophage phenotypes has been consid-
ered to cause persistent inflammation in various systemic
conditions.5,6
CD163, the hemoglobin scavenger receptor exclusive

to the monocyte/macrophage lineage, is a marker of
the M2 subset (CD163+) with anti-oxidative and anti-
inflammatory effects.7 CD163 is up-regulated by anti-
inflammatory cytokines, such as interleukin (IL)-10, and
suppressed by pro-inflammatory stimuli, such as inter-
feron (IFN)-γ.8,9 CD163 overexpression improves epithelial
healing by interacting with keratinocytes and fibroblasts,
and CD163+ derived IL-10 is considered as a potential
propellant in enhanced epithelial-mucosal healing.10-13 In
addition, CD163 acts as a scavenger or decoy receptor
for tumor necrosis factor-like weak inducer of apoptosis
(TWEAK),14,15 which is a member of the tumor necrosis
factor (TNF) superfamily and is associated with autoim-
mune and inflammatory disorders.16 It has been shown
that CD163 allows cell differentiation rather than pro-
longed myogenic progenitor cell proliferation by blocking
TWEAK signaling at ischemic injury areas.17 This sug-
gests a potential role of CD163-TWEAK interactions in
tissue repair and regeneration. CD163/TWEAK ratio has
been priorly used as a prognostic marker in cardiovascular
events and digital ulcer formation.18-20
Higher mRNA expressions of CD163 and lower CD163-

positive cell counts,21,22 and higher TWEAK-positive cell
numbers23 have been observed in gingival biopsies taken
from periodontitis patients. While these findings indicate
the potential role of M2 macrophage activation-related

proteins CD163 and TWEAK in periodontal disease patho-
genesis, their association with periodontal healing has not
been investigated previously. Moreover, although smok-
ers exhibit lower IL-10 and higher IFN-γ mRNA levels
in periodontal tissues,24,25 the impact of smoking on
gingival CD163 and TWEAK levels are unknown. Con-
sidering particularly the regulatory roles of IL-10 and
CD163 in epithelial-mucosal healing, we hypothesized
that periodontitis lesions with elevated IL-10 and CD163
levels and CD163/TWEAK ratio as well as decreased IFN-
γ levels have a tendency to enhanced pocket healing
following non-surgical periodontal treatment. Therefore,
the aims of this study were (1) to reveal and compare
M2 macrophage activation-related IL-10, IFN-γ, CD163,
TWEAK levels and CD163/TWEAK ratio in periodonti-
tis lesions and periodontally healthy gingiva, and (2) to
relate their baseline periodontitis lesion levels to indicators
of gingival healing (pocket reduction and pocket closure)
following non-surgical periodontal treatment, in smokers
and non-smokers.

2 MATERIALS ANDMETHODS

2.1 Ethics and sample size

The study was registered on ClinicalTrials.gov with the
number NCT04792372 in February, 2021. The accordance
of the study to the ethical guidelines of the Helsinki Dec-
laration was approved by the Clinical Research Ethics
Committee of Biruni UniversityMedical Faculty (Istanbul,
Turkey) with the number 2015-KAEK-43-19-27. The study
protocol was explained to all participants and their written
informed consent was obtained.
A statistical power analysis program* was used for the

sample size calculation. Since there were no prior stud-
ies evaluating CD163/TWEAK protein levels in gingival
tissues, the effect size was defined based on previous
research reporting significantly different gingival crevic-
ular fluid levels of TWEAK between periodontitis and
health.26 The sample size was estimated with the effect
size being measured at 1.594 for a two-tailed hypothe-
sis (α = 0.05; 1-β = 0.95). These analyses resulted in the
minimum required sample size for each group (smok-
ers with periodontitis, non-smokers with periodontitis,
periodontally healthy smokers, and periodontally healthy

* GPower 3.1, Franz Faul, Universität Kiel, Kiel, Germany.
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F IGURE 1 Flow diagram of the study protocol

non-smokers) being 12 participants. Considering potential
losses during the follow-up and difficulty in estimating the
percentage of closed pockets following treatment, to main-
tain the statistical power, 52 periodontitis patients and 50
periodontally healthy individuals were initially recruited.
Following drop-outs due to various reasons (Figure 1),
44 periodontitis patients and 41 periodontally healthy
controls concluded the study.

2.2 Study population and eligibility
criteria

The study participantswere recruited among patients, who
were referred to the Faculty of Dentistry, Biruni University,
Istanbul, Turkey, between March 2021 and August 2021
for their dental treatment. Patients diagnosed with gen-
eralized Stage III or IV, Grade C periodontitis27 with at
least two bleeding sites with pocket depths (PDs) between
6 mm and 10 mm were included in the study. The grade
was determined based on indirect evidence of disease pro-
gression (% radiographic bone loss/age > 1.0) and the
impact of smoking (≥10 cigarettes daily) on clinical sta-
tus. In addition, periodontally healthy subjects, who had
full-mouth bleeding on probing (BoP) < 10% and no sites
with PD > 3 mm, were included in the study as controls.
The exclusion criteria were as follows: (1) < 15 teeth, (2)
diagnosed systemic disorders such as rheumatoid arthri-
tis, diabetes mellitus, and chronic medicine use, which
are known to influence the inflammatory status, (3) occa-
sional or former smokers, (4) use of any antimicrobial
or anti-inflammatory medicine within the 3 months prior
to the study, and (5) contraceptive use, pregnancy, or

lactation. Smoking status was classified as smokers and
non-smokers; that is, people, who consumed ≥5 cigarettes
per day for at least 1 year were considered smokers,
whereas non-smokers had never smoked before.

2.3 Periodontal treatment, tissue
sampling, and clinical monitoring

Clinical measurements at baseline and at all follow-up
sessions were performed by a single calibrated examiner
(E.D.; Kappa values for pocket depth were 0.72–0.80 with
85.7% agreement). At baseline, plaque index (PI), PD,
indirect clinical attachment level (CAL), and BoP scores
of each site were recorded with a stainless-steel UNC15
probe.† Thereafter, full-mouth periodontal non-surgical
treatment was performed and oral hygiene measures
were instructed. The non-surgical periodontal treatment
consisted of supragingival scaling and root debridement
conducted with a combination of a piezoelectric ultrasonic
device‡ in periodontology mode and gentle use of hand
instruments§ under local anesthesia,whichwas completed
in two consecutive sessions during the same day.
Tissue sampling and treatments were conducted by

a single periodontist (M.Y.). Two gingival tissue sam-
ples were collected from each periodontitis patient (not
pooled, analyzed individually), while one tissue sample
was collected from each periodontally healthy partici-
pant. Healthy gingival tissue samples (PD ≤3 mm; BoP-)

† 54B XSI, LM-Dental, Parainen, Finland.
‡VarioSurg, NSK, Tokyo, Japan.
§ Gracey 5/6, 7/8, 11/12, 13/14; AmericanEagle Instruments,Missoula,MT.
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of periodontally healthy participants in need of crown
lengthening or extraction due to orthodontic or restorative
reasons, were obtained with a crestal incision reaching the
bottom of the crevice at the beginning of their correspond-
ing treatment. Gingival tissue samples (PD ≥6 mm and
≤10 mm; BoP+) of periodontitis patients were obtained
during the non-surgical treatment at the beginning of
the procedure. Effort was given to choose the sampling
sites from different quadrants and/or zones. The sam-
ples were collected from the pocket wall with a stroke
from the bottom to the margin with a hand curette. Each
sample was immediately put into cryotubes containing
100 μl phosphate buffer saline (PBS, pH 7.2) and stored
at -80◦C. Samples were sent to the Institute of Dentistry,
University of Turku, on dry ice for the analyses. Clinical
measurements were repeated at 2, 6, and 12 weeks fol-
lowing therapy. At 6 and 12 weeks, supragingival biofilm
was removed without disturbing the root surface, and oral
hygiene was reinforced.

2.4 Quantification of CD163, TWEAK,
IL-10, and IFN-γ

The samples were ground and homogenized with a high-
speed tissue homogenizer** in 2 ml tubes each containing
one 0.5 mm sterile metal bead and 100 μl of PBS, and
ultrasonicated thereafter. CD163, TWEAK, IL-10 and IFN-
γ levels were determined with a bead-based immunoassay
technique†† with commercial kits‡‡ according to manu-
facturer’s instructions. The detection range of the assays
were as follows: CD163 (1338.7 – 975916.6 pg/ml); TWEAK
(3.1 – 6772.8 pg/ml); IL-10 (1.7 – 3781.2 pg/ml); IFN-γ (6.3
– 13694.9 pg/ml). Total protein level of each sample was
determinedwith a commercially available protein determi-
nation method§§ as specified by the manufacturer. IL-10,
CD163, and TWEAK levels were normalized to the total
protein levels of each sample. The gingival tissue levels
of CD163 and TWEAK were presented as pg/μg protein,
and IL-10 as pg/ng protein due to the low quantity of IL-10
levels.

2.5 Definitions of the healing response

Two site-specific clinical endpoints of periodontal treat-
ment, pocket closure and pocket depth reduction > 30%,

** The TissueLyser LT, Qiagen, Hilden, Germany.
†† Luminex xMAP, Luminex Corporation, Austin, TX.
‡‡ Bio-Plex Pro Human Inflammation Panel 1, Bio-Rad Laboratories,
Hercules, CA.
§§ Pierce BCAProtein Assay Kit, Thermo Fisher Scientific,Waltham,MA.

were used as parameters of healing responses. The main
endpoint, pocket closure, was defined as sites with PD
≤3 mm (regardless of BoP) or PD ≤4 mm (BoP-) after
non-surgical periodontal therapy.28 Pocket depth reduc-
tion> 30% was defined as the secondary clinical endpoint.
The threshold of > 30% was decided based on a recent
systematic review, which indicated that usually a PD
reduction of 1.5 mm in shallow pockets (4–6mm) and a PD
reduction of 2.6 mm in deep pockets (≥7 mm) is observed
at 3–6 months following treatment.29 Therefore, the sites
met pocket depth reduction > 30% criteria when a site
with a PD of 6 mm at baseline demonstrated a PD reduc-
tion of ≥2 mm, a site with a PD of 7–9 mm at baseline
demonstrated a PD reduction of ≥3 mm, and a site with
a PD ≥10 mm at baseline demonstrated a PD reduction of
≥4 mm.

2.6 Data analysis

The data were analyzed with statistical software.***
Shapiro-Wilk test and Q-Q plots were used to evaluate the
normality of the data. For equality of means of quanti-
tative variables, independent t-test was conducted, while
chi-squared was used for testing qualitative variables. The
mean changes of clinical values at different time points
were tested using repeated measures ANOVA test with
Bonferroni correction. Kruskal-Wallis with Mann Whit-
ney U as post-hoc or chi-square test were used to compare
linear measurements with skewed distributions and fre-
quencies between groups, respectively. A binary logistic
regression analysis with smoking, sex, and age adjust-
ment was conducted to assess the association between
the analytes’ levels and the healing response in the whole
population. P < 0.05 was considered significant.

3 RESULTS

3.1 Demographics and smoking habits

Among the periodontitis group, there were 18 smokers
(mean age: 42.4 years; seven female) and 26 non-smokers
(mean age: 42.9 years; 17 female). The periodontally
healthy group consisted of 18 smokers (mean age: 37.4
years; nine female) and 23 non-smokers (mean age:
41.3 years; 15 female). Age, sex, and smoking status
were equally distributed in the periodontitis and the
healthy groups (P = 0.086, P = 0.711, and P = 0.078,
respectively). In addition, age and sex distribution were
similar in smokers and non-smokers (P = 0.465 and

*** SPSS 27, IBM, Armonk, NY.
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P = 0.055, respectively). None of the participants reported
post-treatment complications.
The mean cigarette consumption of the smoking par-

ticipants of our study was 14.66 ±6.75 cigarettes per day,
and the average years of smoking was 16.46 ±8.68. Among
the periodontitis patients, three participants were smok-
ing five cigarettes per day (5–10 years), while the rest
were smoking at least 10 cigarettes per day (5–45 years).
The mean exposure to smoking, calculated as pack-years,
of periodontitis patients and of periodontally healthy
individuals was 16.06 ±11.02 and 10.18 ±9.3, respectively.

3.2 Clinical parameters

By design, baseline percentage of PI-positive sites (86.4%),
PD (7.40±0.95 mm) and CAL (7.59±1.08 mm) scores were
higher in periodontitis group in comparison to those [% of
PI-positive sites (17.1%), PD (1.76±0.77 mm) and CAL (1.76
±0.77 mm)] of the healthy sites (P < 0.001). Within both
periodontitis and healthy groups, baseline clinical param-
eters did not exhibit any difference between smokers and
non-smokers (Table 1).
Baseline and post-treatment 2-, 6-, and 12-week clinical

measurements of periodontitis sites are shown in Table 2.
While initial clinical measurements did not differ between
smokers and non-smokers (P > 0.05), at 2, 6, and 12 weeks
the smokers demonstrated higher PD, lower PD reduction
(mm, %), fewer sites with PD reduction > 30%, and fewer
closed pockets in comparison to non-smokers. PI and BoP
scores did not differ between the sites of smokers and non-
smokers at any time point (P > 0.05).

3.3 Levels of IL-10, CD163, and TWEAK
and CD163/TWEAK ratio

CD163 and TWEAK were detected in all samples. IL-10
levels of 22 periodontitis samples (25%) and one healthy
sample (2.44%) were below the limit of detection (LOD).
IL-10 levels below the LOD were substituted with 0.85
pg/ml, which was half of the LOD. Since IFN-γ levels were
below the LOD in all samples, they were not included to
the statistical analysis.
IL-10, CD163, TWEAK levels, and CD163/TWEAK ratio

according to periodontal status and smoking are presented
in Table 1. Elevated IL-10 (P < 0.001), CD163 (P < 0.001),
and TWEAK (P < 0.001) levels were observed in the
periodontally healthy group in comparison to periodon-
titis patients. The CD163/TWEAK ratio did not show a
statistically significant difference between the periodon-
titis and periodontally healthy groups (P = 0.086). When
non-smokers were evaluated separately, IL-10 (P < 0.001),

CD163 (P < 0.001), and TWEAK (P < 0.001) levels of the
healthy samples were higher than those of periodonti-
tis patients, while CD163/TWEAK did not differ among
the groups (P = 0.520). Periodontitis tissues of smok-
ers exhibited lower CD163 (P < 0.001) and TWEAK (P
= 0.009) levels compared to healthy sites of smokers; IL-
10 (P = 0.474) and CD163/TWEAK (P = 0.067) levels were
similar across groups in smokers.
Baseline IL-10, CD163, TWEAKandCD163/TWEAK lev-

els in relation to pocket closure and pocket reduction at
different time points according to smoking status are given
in Table 3 and Table 4, respectively. In non-smokers, sites
demonstrating pocket closure (P= 0.023) and pocket depth
reduction> 30% (P= 0.041) at 12 weeks had elevated base-
line CD163 levels. Logistic regression analysis (Table 5)
revealed that pocket closure at 12 weeks (P = 0.001) and
pocket depth reduction> 30% at 6 (P= 0.022) and 12weeks
(P = 0.002) were associated with elevated pre-treatment
CD163/TWEAK ratio, and sites showing pocket closure
at 12 weeks were associated with elevated CD163 levels
(P = 0.047).

4 DISCUSSION

To the best of our knowledge, this study is the first to
reveal that sites with a tendency to enhanced pocket
healing response after non-surgical periodontal treatment,
as defined by pocket closure and pocket depth reduc-
tion, have elevated baseline CD163 and CD163/TWEAK
ratios. Protein and mRNA levels of CD163 and TWEAK in
periodontitis were analyzed in cross-sectional studies21-23;
however, IL-10/IFN-γ/CD163/TWEAK cascade in relation
to treatment results were not evaluated previously.
The main strength of the present study is the simulta-

neous evaluation of M2 macrophage activation-associated
IL-10, CD163, TWEAK levels, and CD163/TWEAK ratio
in gingival tissues. CD163/TWEAK ratio was previously
used as a prognostic/diagnostic marker in atherosclero-
sis, cardiovascular events, and skin pathologies18,20,30,31;
however, its relation to periodontal disease pathogene-
sis is unknown. A second strength is the implementation
of smoking in our study design. In order to assess the
influence of smoking more prominently and to avoid
grey zones, former smokers and casual smokers were not
included, since prior research demonstrated that past, cur-
rent, light or heavy smoking can have diverse effects on
the clinical parameters.32,33 Finally, periodontal measure-
ments at post-treatment 2, 6, and 12 weeks allowed us
to detect early and late healing responses in relation to
M2 macrophage activation-associated IL-10, CD163, and
TWEAK levels. Junctional epithelium is re-established at
2 weeks and connective tissue maturation is completed
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at 6–8 weeks after instrumentation, while the greatest
pocket depth reduction and clinical attachment gains are
observed within 4–12 weeks.34-36 For research purposes
and in accordance with the above-mentioned healing
intervals, we recorded periodontal clinical parameters at
2, 6, and 12 weeks following periodontal treatment. This
can be deemed unconventional and too early to make
any solid assumptions, since, in a clinical setting, the re-
evaluation following non-surgical periodontal therapy is
recommended to be performed at 6–8 weeks.37 However,
these time points were decided on tomonitor early healing
outcomes and keep track of any exceptional results, consid-
ering the CD163/IL-10 signaling pathway has been associ-
ated with enhanced epithelial healing.11,12,38 A limitation
of our study is that gingival tissue samples were collected
only before the non-surgical periodontal treatment, due
to ethical considerations. Thus, analyzing post-treatment
alterations in tissue levels of IL-10, IFN-γ, CD163, and
TWEAK was not possible. In addition, sampled tissue size
and morphology differed between the periodontitis and
periodontally healthy groups; in the periodontitis group,
tissue sampleswere formed of granulation tissues collected
from periodontal pockets, while in the control group, tis-
sue samples were formed of structurally intact gingiva. To
eliminate the effect of harvesting method and tissue vol-
ume on our results, the analytes’ levels were normalized to
the total protein of each site. In the present study, the role
of IFN-γ could not be investigated, since IFN-γ levels were
below the limit of detection in all samples. Considering
the sensitivity of the applied IFN-γ detection method (6.3
pg/ml), the failure of detection can be related to the enzy-
matic degradation or the short half-life of IFN-γ. Finally,
grouping sampling sites based on their healing responses
at each time point created small group sizes and limited
the statistical power. A regression analysis was performed
in order to minimize the effect of this limitation.
According to our results, an elevated baseline

CD163/TWEAK ratio in gingival tissues of periodon-
titis patients is related to pocket closure at 12 weeks
and pocket depth reduction at 6 and 12 weeks following
treatment. Moreover, elevated baseline CD163 levels were
related to pocket closure at 12 weeks. M2 macrophages are
known to regulate re-vascularization, fibroblastic activity,
and collagen production, leading to efficient wound
closure or scar formation.4 It has been shown that M2
polarization characterized with CD163 expression at the
early stages of wound healing can enhance periodontal
tissue regeneration,39 and CD163 overexpression results
in faster and regular epithelial growth.12 Thus, greater
pocket depth reduction observed in sites with a high
CD163/TWEAK ratio is possibly associated with enhanced
re-epithelization and connective tissue remodeling stim-
ulated by the pro-repair M2 activities. TWEAK takes

part in epithelial healing, fibroblastic functions, and
connective tissue remodeling as well,19,40,41 although it is
considered mainly a pro-inflammatory mediator.16 CD163
and TWEAK have specific and functional interactions;
CD163+ cells have the capability of scavenging and inter-
nalizing TWEAK, and preventing its pro-inflammatory
functions such as NF-kB signaling and cytokine or met-
alloproteinase expression.14,15,41 It has been shown that
CD163macrophages can regulate regeneration of ischemic
injury areas through controlling TWEAK signaling.17
However, it is worth noting that CD163/TWEAK inter-
actions are complex and can have distinctive functions
depending on the context. High soluble CD163/TWEAK
ratios were associated with severe fibrotic skin involve-
ment in systemic sclerosis but also with fewer digital
ulcer formations.19 Given these facts, our results indicate
potential interactions between baseline CD163/TWEAK
levels and the healing events following periodontal non-
surgical therapy. Consecutive research can be beneficial
to clarify their action mechanisms in periodontal wound
healing.
Based on our results, the levels of IL-10, CD163, and

TWEAK are decreased in tissues affected by periodontitis
when compared to healthy gingiva. Górska et al. demon-
strated very low or undetectable IL-10 levels in severe
periodontitis lesions, although this cytokine was more
frequently detected in normal tissue biopsies.42 There are
also contradicting studies reporting elevated IL-10 levels
in inflamed gingival samples.43,44 Considering that IL-10
is a critical molecule for the resolution of inflammation,45
our results indicate that reduced IL-10 levels may lead to
exacerbated inflammation during periodontitis. However,
it must also be noted that active IL-10 is an unstable
molecule and has a short half-life.46 Considering the
elevated proteolytic activity in periodontitis lesions, IL-10
can undergo fast degradation in granulation tissues,
which may explain the differences between the studies.
Regarding the gingival tissue levels of CD163 and TWEAK,
the available information is limited and contradictory.
According to one of the two previous studies assessing
TWEAK levels in tissues affected by periodontitis, TWEAK
mRNA is more frequently expressed in periodontitis when
compared to healthy samples.47 Kataria et al., on the other
hand, demonstrated increased TWEAK-expressing cells in
periodontitis, while TWEAK mRNA levels did not differ
between healthy and inflamed tissues in the same study.23
Additionally, high levels of TWEAK have been detected
in gingival crevicular fluid of sites with peri-implantitis
and periodontitis in comparison to health.26 To the best
of our knowledge, two studies evaluated CD163 in gingi-
val tissues obtained from periodontitis patients priorly.
While in the first study, increased CD163 mRNA levels
have been reported,22 according to the other one, the
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number of CD206+CD163+ macrophages were decreased
in periodontitis.21 These inconsistencies can be related to
variations in immune response activation or the intensity
of proteolytic activity of the sampled periodontitis sites.
As recently demonstrated, CD163 response during devel-
opment of experimental gingivitis show inter-individual
differences,48 indicating that not only the presence of
inflammation but also the extent of host response can
influence the levels of these molecules.
Finally, while a significantly deteriorated healing

response was observed in smokers, the only difference in
tissue levels of M2 macrophage activation related proteins
between smokers and non-smokers was observed in tissue
IL-10 levels of periodontitis patients. Reduced gingival
crevicular fluid IL-10 levels were shown in both healthy
and diseased sites of smoker patients in comparison with
non-smokers,49 however, gingival tissue levels of IL-10
were previously evaluated only in one study, in which the
effect of smoking was not assessed.42 Higher numbers of
CD163+ alveolar macrophages were shown in smokers
in comparison to non-smokers.50 We could not compare
our present findings with the literature as the effect of
smoking on periodontal tissue IL-10, CD163, and TWEAK
protein levels has not been demonstrated previously.

5 CONCLUSION

The results of the present study suggest that baseline
gingival tissue CD163 levels and CD163/TWEAK ratio,
but not IL-10, are related to pocket closure and pocket
depth reduction up to 12 weeks following periodontal
treatment. Profiling the macrophage activation cascades
in periodontitis-affected tissues can reveal the contribu-
tion of macrophage phenotypes to periodontal healing and
disease remission.
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