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Abstract

Aim of the study: The present study investigated the hypothesis that upregulation of receptor acti-
vator of NF-kappaB ligand (RANKL) expression may be associated with upregulation of endothelial cell
activitiy, which is common for periods of periodontal bone loss in chronic periodontitis.

Material and methods: RANKL expression of activated cells in soft tissue biopsies with CD 31
activity and the presence of RANKL and osteoprotegerin (OPG) in gingival crevicular fluid (GCF)
were assessed in chronic periodontitis patients. Biopsies from 17 patients and 10 healthy subjects were
immunohistochemically analyzed. Clinical measurements [plaque index (PI), the gingival index (GI),
probing pocket depth (PPD), clinical attachment level (CAL) and gingival bleeding index (GBI)] and
GCF samples were obtained before and after periodontal therapy.

Results: CD31 staining did not support the assumption that endothelium-like cells were predomi-

nantly associated with RANKL expression.

Conclusions: RANKL-positive cells were widely distributed in periodontitis patients giving only
partial support to the hypothesis that RANKL expression is restricted to T- and B-cell activation.

Key words: gingival crevicular fluid, chronic periodontitis, immunohistochemistry, RANKL, CD31,

osteoprotegerin.

Introduction

Receptor activator of NF-kappaB ligand (RANKL)
plays a pivotal role in the differentiation, function and
survival of osteoclasts by binding the receptor activator
of NF-kappaB (RANK) in osteoclasts and their precur-
sors [1]. When binding RANK, RANKL activates six
major signaling pathways: nuclear factor activated T-cells
(NFATc1), nuclear factor kappaB (NF-«xB), anti-apoptotic
signaling proteins Akt/PKB, c-Jun N-terminal (JNK), ex-
tracellular regulated (ERK) and p38 map-kinases, which
play distinct roles in osteoclast differentiation, function
and survival [2]. Periodontal ligament cells (PDL) stim-
ulated osteoclastogenesis by activating RANKL and in-
hibiting osteoprotegerin (OPG) expression in vitro [3].
The same group demonstrated compressive-force-associ-

(Centr Eur J Immunol 2014; 39 (4): 508-517)

ated RANKL upregulation in PDL cells after exogenous
PGE, treatment [4]. RANKL activation was observed in
periodontal ligament cells during physiological root re-
sorption of human deciduous teeth [5]. Osteoprotegerin,
a natural inhibitor of RANKL,; acts as a decoy and blocks
the binding of RANKL to RANK [6] The coordinated ac-
tion of OPG, RANKL and RANK was observed in tooth
development [7]. Localization of RANK and RANKL in
human deciduous teeth was shown by immunohistochem-
istry [8]. In situ hybridization revealed RANKL mRNA
in inflammatory and epithelial cells adjacent to granulo-
matous gingival tissue from periodontally diseased sites
[9]. RANKL and OPG expression analyzed by semi-quan-
titative RT-PCR in the same study showed a higher esti-
mated RANKL/OPG ratio in the advanced periodontitis
group compared to the moderate one, and both groups
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had a higher ratio than healthy subjects. The effectively
blocked RANKL function has been demonstrated to reduce
the bone resorption rate without affecting the inflammato-
ry process in periodontal tissues [10]. The T- and B-cell
activation enhanced RANKL expression, thus promoting
osteoclastogenesis through interactions with the RANKL
antagonist OPG [11]. Concentrations of RANKL and OPG
in GCF samples have been reported to vary for different
forms of periodontitis [12].

Platelet endothelial cell adhesion molecule-1
(PECAM-1; CD31), an IGF superfamily member expressed
on platelets and leukocytes, is highly enriched at endothelial
cell-cell junctions [13]. Constitutive PECAM-1 expression
in healthy gingival samples and keratinized tissue samples
obtained around dental implants was observed [14].

In a previous study, severe osteosclerosis and fibrosis
in idiopathic myelofibrosis has been reported to be asso-
ciated with endothelial overexpression of OPG [15]. They
stated that immunohistochemical detection of OPG protein
revealed strong labelling of endothelial cells. We hypot-
hesized that upregulation of RANKL expression may be
associated with upregulation of endothelial cell activitiy,
which is common for periods of periodontal bone loss in
chronic periodontitis.

Thus the aims of this study were to assess the presence
of RANKL in gingival tissue from patients with chronic
periodontal disease compared to periodontally healthy sub-
jects. To relate the distribution of endothelial cell activity
— assessed by CD 31 antibody — to RANKL expression in
healthy and tissues affected by periodontitis. To address
immunohistological findings in periodontal tissues to the
detection of RANKL and OPG proteins expressed by
periodontal tissues in gingival crevicular fluid samples at
baseline, periodontal surgery scheduled 8 weeks after scal-
ing and root planing (SRP) and postoperative two months
postoperative in patients with chronic periodontitis.

Material and methods

Subjects

The study included 17 chronic periodontitis patients
(10 female and 7 male, aged 28-63 years). The patients
selected had at least 18 teeth; 5-6 teeth with a probing
depth > 7 mm including 2 single-rooted premolars and
2 incisors in contralateral quadrants of the same jaw. Chron-
ic periodontitis patients were systemically healthy, had not
received anti-inflammatory agents, antibiotics, immunosup-
pressants or systemic contraceptives in the past 6 months,
and had never smoked. A group of 10 periodontally healthy
volunteers ranging in age between 19 and 24 years agreed
to donate gingival tissue for histological purposes. Biopsies
were taken during crown-lengthening procedures. The study
protocol was approved by the Institutional Review Board.
All subjects gave their written informed consent.
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The disease status was clinically determined by the
plaque index (PI) [16], the gingival index (GI) [17], the
probing pocket depth (PPD), the clinical attachment lev-
el (CAL), the gingival bleeding index (GBI) [18] and by
radiographic examinations. Following periodontal exam-
ination, all patients underwent basic periodontal therapy,
including oral hygiene instructions and plaque control
evaluation, supra- and subgingival scaling and root plan-
ing. Periodontal surgery was scheduled 8 weeks after scal-
ing and root planing.

Biopsy technique

Prior to any treatment, first biopsies were obtained
from the interdental gingival papilla. Where periodontal
surgery was considered to be indicated, tissue sampling
has been repeated at the same site 8 weeks after scaling
and root planing. An inverse bevel incision was used to ob-
tain 1 mm tissue samples from the underside of the papil-
la. Biopsies included the pocket epithelium, connective
and granulation tissues. Care was taken to achieve good
cicatrisation with no esthetic consequences. In healthy
volunteers, caution was paid to obtain tissue samples of
similar dimensions. After washing in sterile 0.15 M saline
solution, samples were placed in 10% neutral buffered for-
malin for immunohistochemical analysis and were imme-
diately sent to the laboratory.

Control samples

For control purposes, samples were taken from core biop-
sies of previously augmented human alveolar jaw bone that
had been stored as paraffin-embedded tissue blocks. Sections
of five different samples from this previously approved study
were stained with RANKL antibody as positive controls and
as negative controls without antibody staining. Connective
tissue taken from the palatal aspect of the mucoperiosteal flap
during implant installation served as a negative control for
RANKL expression. Sections of the same samples were sim-
ilarly treated for testing CD31 activity.

Immunohistochemical staining

A routine immunohistochemical procedure was applied
to 4 pum thick sections cut from paraffin-embedded tissue
blocks. For two stainings, Target Retrieval Solution, pH
9.9 (DaKoCytomation, Glostrup, Denmark), and heating
were used to unmask the antigens and retrieve sections
mounted on precoated glass slides. Staining was done
with primary mouse anti-human monoclonal antibodies
specific for CD31 (DaKoCytomation, Glostrup, Denmark),
and RANKL (Clone 2C3A 12 C, BioVendor GmbH, Hei-
delberg, Germany). Monoclonal antibody was diluted to
1 : 100 with TBS buffer. Labelled polymer-HRP anti-
mouse antibody (DaKoCytomation, Glostrup, Denmark)
was used for secondary antibody staining. The two-step
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DAKO EnVision System technique was used. Hematox-
ylin served as a counterstain for both antibody reactions.

Controls

Negative controls. The specificity of the immunoreac-
tion was assessed by negative controls carried out by omit-
ting the primary antibody and by omitting the primary and
secondary antibody and using TBS/BSA instead. These ex-
periments were performed in both test and control sections.

Positive controls. Tissue sections from a previous study
on bone regeneration in alveolar defects [19] were expected
to show significant amounts of RANKL antigen or to dis-
play CD31 activity. These biopsies, harvested at 7 months
after augmentation procedure were considered positive con-
trols and treated in the same way as test specimens.

Gingival crevicular fluid sampling

The deepest gingival biopsy sites in donor teeth were cho-
sen for GCF sampling prior to any periodontal treatment. The
area was isolated by cotton rolls drying the teeth and margin-
al gingiva with air before sampling. Perio paper strips were
inserted for 30 seconds into the buccal crevice to a level of
1 mm below the gingival margin after supragingival plaque
removal and recording of the PI were completed. Contam-
inated strips were excluded. GCF sampling was repeated 8
weeks after scaling and root planing. Each sample was stored
at —70°C until assayed. In each patient, paper strips from dif-
ferent sites were pooled for each visit [12]. The estimation of
GCF amounts was achieved using the electronic balance, thus
all numbers on GCF measures are given in ug.

Cytokine analysis

Strips were eluted by centrifugation (5000 x g, 4°C,
6 min) in 300 pl of solution containing 150 mM Tris, Pep-

statin A, leupeptin, amastatin and antipain dihydrochloride.
ELISAs were used for quantitative detection of human to-
tal SRANKL (free and OPG-bound RANKL) and OPG
(BioVendor GmbH, Heidelberg, Germany). In human total
sRANKL ELISA, calibrators and samples (1 : 100 dilu-
tion) were incubated in wells together with the excess of
recombinant OPG. The sSRANKL/OPG complex appeared
during the two-hour incubation step and was captured by
the immobilized anti-sSRANKL monoclonal antibody. Af-
ter washing, horseradish peroxidase-labelled anti-OPG
polyclonal antibody was added and incubated in the wells.
In human OPG ELISA, the standards and samples (1 : 3
dilution) were incubated with a mouse monoclonal anti-
human OPG antibody coated in wells. After washing,
biotin-labeled polyclonal anti-human OPG antibody was
added and incubated with captured OPG. After adding
conjugate and following stop solution, the reaction was
measured at 450 nm.

Statistical analysis

Clinical parameters (PI, GI, GBI, PPD and CAL) were
calculated for all chronic periodontitis patients. The Wil-
coxon signed rank test for clinical parameters was used to
evaluate the differences before and after treatment. Cor-
relations between clinical parameters were analyzed by
Spearman’s correlation coefficient. The Mann-Whitney
U test enabled comparative evaluations between diseased
and healthy groups (SPSS 14.0 for Windows).

Results

Clinical evaluation

The data in Table 1 characterizes patients diagnosed
with chronic periodontitis. The table displays medians for

Table 1. Medians and ranges for clinical parameters in sites used for GCF sampling at baseline (BS — before surgery),
after scaling and root planing (PS — at surgery) and two months later at control visit (CV) in periodontitis patients

Baseline Periodontal Control visit p-value
(BS) Surgery (PS) (CV) Wilcoxon’s signed rank test

Change Change Change
BS-PS PS-CV BS-CV

Plaque Index 1.05 0.38 0.31 0.001 0.173 0.002

(PD) (0.17-2.32) (0.11-0.77) (0.06-0.57)

Gingival Index 1.33 0.75 0.35 0.001%* 0.006 0.001

(G (0.59-2.10) (0.09-1.57) (0.05-1.37)

Pocket Depth 3.53 3.04 2.35 0.001%* 0.0017%#* 0.001%%*

(mm) (1.6-5.38) (1.59-4.57) (1.19-4.04)

Clinical Attachment Level 3.64 3.15 3.04 0.001%* 0.007%** 0.0017%%*

(mm) (1.68-5.38) (1.64-4.57) (1.16-4.04)

Gingival Bleeding Index 28.9 13.80 9.50 0.012* 0.034* 0.001%%*

(%) (4.7-96.2) (0.00-53.57) (0.00-22.36)

Non-significant difference (p > 0.05), significance levels (*p < 0.05, **p < 0.001).
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the 17 chronic periodontitis patients at baseline, before sur-
gery and at control visit two months after surgery appoint-
ment. The periodontal status of the 10 healthy subjects is
characterized by full mouth PI of 0.01 +£0.14; GI of 0.18
+0.3 and PPD of 1.4 £0.6 mm. Thereby, the values for
periodontal probing and clinical attachment were calculat-
ed on the basis of single-tooth measurements, taking into
account only teeth used for biopsy sampling.

In the periodontitis group, all clinical parameters
showed statistically significant improvement from base-
line evaluation to intermediate evaluation at surgical ap-
pointment followed by further improvement at control visit
(Table 1).

sRANKL immunohistochemistry

All 17 samples from the periodontal group showed
positive RANKL staining. All specimens displayed gran-
ular cytoplasmic staining of moderate to strong intensi-
ty. A cytoplasmic concentration of activity was regularly
observed in cells of different origins, but the majority of
positively stained cells appeared to be located at the base-
ment membrane. Table 2 shows the distribution pattern of
RANKL activity in every biopsy from chronic periodon-
titis patients. This pattern did not distinguish between the
times of biopsy harvesting (Figs. 1-5). In the granulation
tissue, the distribution of positive staining was related to
blood vessels. Interestingly, the CD31 staining revealed
endothelial cell activity in less than 50% of all samples
(Table 2; Figs. 6 and 7). It was generally weaker than
RANKL staining and disclosed a much smaller number of
positive cells (Figs. 8 and 9).

Controls

Osteoblasts, osteocytes, and single osteoclasts showed
cytoplasmic RANKL immunoreactions in the positive con-
trol experiments performed using core biopsies (Figs. 10
and 11). CD31 staining assessed in these positive controls
revealed most often positive reacting cells located near the
capillary walls (Figs. 12 and 13).

Neither RANKL nor CD31 immunostaining was found
in connective tissue from the palatal aspect of a mucoperi-

osteal flap in a periodontally healthy patient serving as
negative control (Figs. 14 and 15).

Neither RANKL- nor CD31-positive cells were detect-
ed in any samples from the 10 healthy subjects (Figs. 16
and 17).

Gingival crevicular fluid measurements

Gingival crevicular fluid (GCF) levels were reduced
after initial treatment and showed further diminishment
two months after surgery. The reduction from 9.0 ug at BL
to 7.35 pg at PS was statistically significant (p = 0.036),

Table 2. Distribution pattern of RANKL and CD 31 ac-
tivity in the biopsies from chronic periodontitis patients

Sample RANKL activity in the cells CD31 activity
KC BM CT EC
1 - + + + none
2 - - + + none
3 + + + + yes
4 + + + + yes
5 - + - - none
6 + + + + yes
7 + + + + yes
8 - + + - yes
9 - + + + none
10 + + + + weak
11 - - + + none
12 - - + + none
13 + + + - none
14 + + - - yes
15 - - + - none
16 - - + + yes
17 - - + + none

KC — keratinocytes, BM — basement membrane, CT — connective tissue;
EC — endothelial cells

Table 3. RANKL and OPG concentrations in gingival crevicular fluid before surgery (baseline), after scaling and root
planing (at surgery) and two months later at control visit (CV). Medians and ranges

Baseline (BS) Periodontal surgery Control visit (CV) p-values

PS) BS-PS BS-CV
GCF amount 9.00* 7.35% 4.60* 0.036* 0.021%*
(ng) (3.40-90.80) (3.20-80.00) (1.90-92.60)
RANKL concentration 19399.20 18310.60 14771.40 n.s n.s
(pg/ml) (9431.80-38408.20) (8292.60-35631.60) (2454.60-31217.60)
OPG concentration 27.72 30.32 25.40 n.s n.s
(pg/ml) (3.76-55.04) (3.60-69.16) (3.40-58.36)

Wilcoxon signed rank test, *significant difference at p < 0.05

Central European Journal of Immunology 2014; 39(4)
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Fig. 2. Apical aspect of the basement membrane (140x)

Fig. 1. Keratinocytes with weak to strong cytoplasmic
RANKL expression (140x)

I * o ’ )
T N TS A el L N RRE
Fig. 3. RANKL expression in rete pegs (80x) Fig. 4. Strong RANKL staining of inflammatory cells in
connective tissue (80x)

T A el T
Fig. 5. Mono- and multinucleated leukocytes show strong
cytoplasmic staining (80x)
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Figs. 6 and 7. Patient 4 (periodontitis group): strong RANKL expression in various cell types (64x) (Tbl. 1) associated
with strong CD31 activity (44x) in connective tissues

Figs. 8 and 9. Patient 16 in the chronic periodontitis group; biopsy harvesting at surgery: strong RANKL reaction (110x)
combined with weak CD31 staining (44x)

Figs. 10 and 11. Positive controls from core biopsies of alveolar bone: RANKL-positive cells exhibit expression of the
protein in osteoblasts (left, arrows; 100x) and multinucleated osteoclasts (right, arrows; 400x)

Central European Journal of Immunology 2014; 39(4) 513
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Figs. 12 and 13. CD31 staining shows capillary walls with
active cells in the connective tissue compartment of the
core biopsy (100x, respectively)

Figs. 14 and 15. Negative controls (connective tissue from palatal aspect of the flap) no RANKL expression (20x) and
no CD31 (5x) activity detectable

Figs. 16 and 17. Periodontally healthy patien-ts: no RANKL expression in either tissue
CD31 activity detectable (same sample; 20x for both)

P S

compartment of the biopsy; ng
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however, continued decrease of crevicular fluid flow was
assessed with 4.60 pg two months after surgery and did
not reach statistically significant value (p = 0.209). The
difference between BL and CV estimation of GCF amount
was statistically significant (p = 0.021).

The medians for total RANKL were 19399.20 pg/ml at
baseline and 18310.60 pg/ml before surgery and 14771.40
pg/ml two months after surgery. The reductions were sta-
tistically non-significant (p = 0.735; p = 0.327; p = 0.239,
respectively). The medians for OPG concentrations were
27.72 pg/ml, 30.32 pg/ml and 25.40 pg/ml, respectively.
These changes were also statistically non-significant (p =
=0.237, p=0.575 and p = 0.239, respectively) (Table 3).

Discussion

This investigation clearly demonstrates that RANKL is
expressed by various cells of periodontal soft tissues and
can be detected when measuring the total protein content
of crevicular fluid samples in chronic periodontitis. Gingi-
val crevicular fluid content showed an increased RANKL/
OPG ratio in patients with periodontitis compared to peri-
odontally healthy subjects [12, 20]. Our study showed pos-
itive RANKL staining for keratinocytes, basement mem-
brane cells, connective tissue cells and endothelial cells
(Table 2). Connective tissue RANKL staining was found
in majority of biopsies (15 out of 17) from periodontally
diseased tissues. Liu ef al. [9] used in situ hybridization
to demonstrate that both inflammatory and epithelial cells
are involved in RANKL mRNA expression in gingival tis-
sues of periodontitis patients. Semiquantitative RT-PCR
enabled their group to estimate that RANKL/OPG mRNA
expression ratios decreased from advanced to moderate
periodontitis and were lowest in healthy subjects [9]. They
stated that an increased RANKL-to-OPG ratio may reflect
a modulatory role of this relationship in periods clinically
characterized by localized bone loss. However, statistically
significant improvement achieved during initial therapy in
some clinical parameters found no reflection neither by
assessable decreases in RANKL values nor by increased
OPG levels in our study. Furthermore, the gingival bleed-
ing index, considered a marker for inflammatory process,
remained high at the PS appointment, indicating a possi-
ble association with elevated RANKL levels. Significant
clinical improvement found between BL and PS was not
reflected by RANKL and OPG levels in GCF samples
from patients.

Kawai et al. [21] showed activation of T and B cells
will be followed by expression of RANKL into gingival
tissues by these activated T and B cells. But such cells
as monocytes or fibroblasts, would never be a source for
RANKL expression to initiate bone resorption in periodon-
titis. It was stated that RANKL expression by antigen-spe-
cific activated T-cell and B-cell may be an initial step in
differentiation of osteoclasts within gingival tissues, if lat-
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ter are pre-inflammed. In our study, however, the positive
RANKL staining of the most connective tissue cells and
also cells of different origin may indicate that RANKL ex-
pression may not necessarily follow only the activation of
T- and B-cells. Moreover, RANKL mRNA expression was
detected from 67% of the diseased gingival tissues, where-
as no expression of RANKL mRNA was observed in sam-
ples from the healthy gingival tissues. In accordance with
the results from Kawai’s et al. [21] study, we also found
that healthy tissues did not show any RANKL expression.

A recent study in rats demonstrated that osteoclasts
and periodontal ligament (PDL) cells are able to express
RANKL and RANK under physiological conditions [22].
Interleukin (IL)-1p and tumor necrosis factor oo (TNF-a)
expression together with RANKL and RANK transcrip-
tion in osteoclasts could only be detected by in situ hy-
bridization under experimentally challenged pathological
conditions [21, 23]. The authors assume that RANKL-
RANK expression is not the only autocrine pathway for
regulating differentiation and proliferation of osteoclasts.
Periodontal ligament (PDL) cells submitted to orthodontic
force also expressed IL-1B3, TNF-a. and RANKL in this ex-
periment. The onset of chronic periodontitis is associated
with the expression of inflammatory cytokines, i.e. IL-13
or TNF-a.. RANKL activity in epithelial and connective
tissue cells in the present study may indicate a causal rela-
tionship between the inflammatory cytokines and autocrine
RANKL expression. The low co-incidence in some active
endothelial cells of a few patients and the often widely
distributed numbers of RANKL-active cells seen in our
study support the concept of autocrine RANKL expres-
sion in cells of different origin. While Tonetti et al. [14]
regularly detected PECAM-1 expression around capillary
loops in healthy gingival samples, we were unable to find
any positive staining for CD31 in tissues from non-peri-
odontitis subjects.

Our results were in agreement with the finding that
RANKL-positive cells were widely distributed in peri-
odontitis patients, whereas OPG-positive cells were
present in samples from both periodontally diseased pa-
tients and healthy subjects [24]. Though we did not use
antibodies against OPG due to our limited access to the
antibodies, we regularly observed RANKL expression in
epithelial cells from the diseased group. Using monoclonal
antibodies, Crotti et al. [25] detected OPG in both epi-
thelial lining cells and endothelial cells; no information
was given on RANKL labeling in epithelial cells. Their
finding of RANKL-expressing mononuclear leukocytes
in granulation tissues and matrices is consistent with the
RANKL expression by mono- and multinuclear leukocytes
in our periodontitis patients [26]. Our observations only
partially support the hypothesis that RANKL expression
is restricted to T- and B-cell activation, as suggested pre-
viously [11].

515



Anton Friedmann et al.

Osteoclasts as a source of RANKL expression have
been questioned, since their positive staining may result
from binding extracellular RANKL to RANK receptor on
the cell membrane [23]. Nevertheless, positive cytoplasmic
staining of osteoclasts in our positive controls confirms the
immunohistochemical method used in this study.

RANKL is a membrane-binding protein in osteoblasts,
but the expression of membrane-anchored RANKL on
T-cells is limited and the major portion of RANKL pro-
tein produced by T-cells may become active after shedding
in the soluble form. We performed ELISA for GCF total
sRANKL (free and OPG-bound RANKL) to evaluate the
active form of that protein [27].

Amounts of RANKL and OPG proteins estimated in
our GCF samples substantiate immunohistological ob-
servations. The values are somewhat higher than those
reported previously [12]. Since samples were pooled in
both studies, the total amount of GCF per sample remains
unknown, and thus any comparison would lack accuracy.
The clinical data in our study indicate improvements in
regard to patient’s oral hygiene performance; the residual
probing depths; attachment level measures and bleeding
of the crevice during the course of the treatment (Table 1).
These improvements were partially reflected by protein
levels estimated by analysing GCF samples. According to
the data published by other groups, concentrations esti-
mated for RANKL showed a tendency to decrease parallel
with the descending amounts of GCF at every time point
of sampling. On the contrary, OPG levels showed an in-
consistent development and did not reveal a clear tendency
either to decrease or to increase. Since estimated changes
in values did not reach the level of statistical significance
for both proteins, we were unable to address the effects of
periodontal therapy to the regulation of expression of the
two proteins in periodontal tissues in this study.

RANKL expression correlated positively with IL-6 and
Oncostatin M in the GCF of periodontitis patients, whereas
OPG levels were not detectable in the majority of diseased
or healthy sites [23]. However, the OPG levels estimat-
ed exceeded those assessed by our study. The RANKL
content in our pooled samples was much higher than that
estimated for single sites by Lu et al. [23] Weighing as
a method for quantifying the GCF amount contains the
concern of evaporative losses because of delay in determi-
nation [28]. As mentioned in the same paper, the solution
may be the use of a sealed container, as it was done in this
study. The RANKL/OPG ratios in the GCF estimated with
therapy progress remain future discussion topic.
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