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Background: Toll-like receptor 4 (TLR4), the most extensively studied Pattern recognition
receptor plays a vital role in maintaining periodontal health and hence overexaggerated or chronic
TLR4 signaling during inflammation could lead to the destruction of periodontal tissues. Because of
the potential association between periodontal disease and host immune response, the aim of the
present study was to analyse the salivary levels of TLR4 in patients with chronic periodontitis,
chronic gingivitis compared to periodontally healthy individuals.

Materials and methods: 14 patients with chronic periodontitis, 14 patients with chronic gingivitis
and 14 periodontally healthy subjects were selected and the clinical parameters such as plaque index,
gingival index, probing pocket depth and clinical attachment level were recorded. TLR4 levels in the
saliva of 42 individuals were assessed by Enzyme linked immunosorbant assay (ELISA).

Results: The healthy group exhibited significantly lower values in all clinical measurements (P
<0.001) compared to other groups. Salivary TLR4 levels were found to be higher in patients with
chronic periodontitis but the difference in levels was not statistically significant compared to other
groups.

Conclusion: TLR4 expression was demonstrated in saliva of all the three groups with an increased
level in the chronic periodontitis group compared to others but the difference in levels were not
statistically significant. Further studies are expected in the future to draw definitive conclusions
regarding the role of TLR4 in periodontal diseases and diagnostic usefulness of TLR4 in progression
of periodontitis.

Copyright © SahayaSangeetha Ser al,2018, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

Recently, Toll-like receptors (TLRs), a subgroup of the
signaling family of pattern recognition receptors (PRRs), that

Periodontal disease is an all encompassing term relating to
the inflammatory disorders of the periodontium  which
includes gingivitis and periodontitis, the two most common
diseases affecting the periodontium that comprises gingiva,
periodontal  ligament, alveolar bone and cementum.'?
Periodontal pathogens in the dental biofilm is the major
etiological factor in the initiation of periodontal diseases, the
fundamental mechanisms that lead to the development of
periodontitis are closely related to the dynamics of the host
immune and inflammatory responses to periodontal
pathogens present in the dental biofilm which plays a
major role in determining the extent and severity of tissue
destruction. Differential host responses are thought to
contribute to various susceptibilities that play an important
role in determining the progression of inflammatory lesion.’

*Corresponding author:SahayaSangeetha S

sense the pathogen associated molecular patterns (PAMPs)
were identified in the periodontal tissues.> Bacterial cell
components can stimulate host cells via TLRs to produce
proinflammatory cytokines, such as interleukin-1beta (IL-1(3)
and tumor necrosis factor-o (TNF-a). Thus, TLRs mediate the
first line of defense against infections and also provide
secondary stimulus to the adaptive immune response.™® Several
studies have highlighted the role of TLRs in the initiation and
progression of periodontal inflammation. TLRs form an
important and potentially controllable checkpoint for a limited
number of PAMPs derived from a large number of different
bacterial species.® TLR4, the most extensively studied
member of TLR family, is a principal signaling receptor for
bacterial lipopolysaccharide (LPS) which is important in the
activation of the innate immune system.”™’
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TLR4 in human gingival epithelial cells and gingival tissues
have been investigated in previous studies and elevated
expressions of TLR4 have been suggested as an important
feature of chronic periodontitis.'”"> However, there are
relatively very few studies that have analysed the salivary
TLR4 levels in patients with periodontal diseases.'”'®saliva
has become an emerging tool for the diagnostic assessment
of various oral and systemic diseases, particularly periodontal
diseases.'”"” Because of the association of gingivitis with
periodontitis and the unspecified biologic processes that
contribute to the transition between these two inflammatory
conditions, early diagnostic aids at the biochemical level are
preferable.'®

Little is known about the levels of TLR4 in saliva of patients
with periodontal diseases. Therefore, this study was undertaken
to investigate the corresponding levels of TLR4 in saliva of
patients with chronic gingivitis, chronic periodontitis compared
with periodontally healthy subjects.

MATERIALS AND METHODS
Study population

A total of 42 patients were recruited from the outpatient ward,
Department of Periodontology, K.S.R Institute of Dental
Science and Research, Tiruchengode, Namakkal district, Tamil
Nadu. The study protocol was analyzed and approved by the
Institutional Ethical Review Board. The procedures, possible
risks/discomforts and benefits were fully explained to the
participants. Written and verbal informed consent was obtained
from the subjects participating in the study.The study included
a total of 42 male and female subjects of age between 18-50
years and were grouped as follows: Group I with 14 chronic
periodontitis patients with presence of more than 30% of sites
with clinical attachment loss >3mm and probing depth >4mm
and radiographic evidence of alveolar bone loss on atleast two
teeth per quadrant excluding the third molars, Group II - 14
chronic gingivitis patients with no sites of probing depth
>4mm or clinical attachment loss >Imm and bleeding on
probing at > 20% of sites and Group III with 14 periodontally
healthy subjects wih no sites with probing depth >4mm or
clinical attachment loss >1mm and bleeding on probing at
<20% of sites.Smokers and pan chewers, pregnant and
lactating women, patientswho have undergone periodontal
treatment within a period of 1 year, patients who had used
systemic antibiotics within the last 6 months, patients with
systemic diseases were excluded.

Saliva sampling

Saliva collection by passive drooling method

Saliva samples were collected, processed and stored from all
the patients who were selected based on the above said
inclusion and exclusion criteria. Study participants were
instructed to allow saliva to pool in the mouth. With head tilted
forward, research participants should drool down and collect 1
ml saliva in the polypropylene tubes before clinical
measurements and any periodontal intervention in the morning
after an overnight fast. The collected 1 ml unstimulated whole
saliva samples by passive drooling method were clarified by
centrifugation (800 g) for 10 minutes at 4°C and aliquoted into
500 pl amounts with water. The samples were immediately
frozen and stored at -40°C until the sample collection period
was completed and thawed immediately before assays.'*'°

Clinical Measurements

Baseline clinical examination was performed for all the
individuals and the clinical parameters were recorded. Clinical
parameters like Plaque Index - Loe’s modification (1967)",
Gingival Index - Loe’s modification (1967)"°, Probing pocket
depth (PPD)* Clinical attachment level (CAL)’ recorded.

Measurement of TLR2 and TLR4 in Saliva Samples

The TLR4 levels in the saliva samples were measured using
Enzyme Linked Immunosorbent Assay (ELISA). The assay
employed the quantitative Sandwich ELISA technique. The
RayBio Human TLR4 ELISA kit was employed to analyse the
salivary TLR4 levels following the Manufacturers’ guidelines.

Elisa reader and Elisa plate

Statistical Analyses

TLR4 in saliva has been assessed using Q-Q plot and
kolmogorov-smirnov test and non-parametric kruskalwallis
test has been used to compare the three groups. If the results
are significant, Post-hoc (Multiple comparison) test for
Kruskalwallis test has been applied. To assess the relationship
between the clinical parameters and TLR4 values, spearman’s
rank correlation test has been used. SPSS software version 15
has been used for the statistical calculations.

RESULTS
Clinical Analyses

Clinical variables and mean values of clinical measurements
are outlined in Table 1.The significant p-value reveals that the
mean age of the three groups has been statistically different. To
know which of the groups are statistically different, multiple
comparison test for Kruskalwallis test has been applied. The
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result indicates that the age of periodontitis patients has been
higher than gingivitis and healthy subjects and further the mean
age of gingivitis and healthy subjects has been similar. The
non-significant p-value infers that sex wise distribution has
been similar for the three groups (Table.2).

Table 4 Spearman’s rank correlation coefficient between selected
clinical parameters and salivaryTLR4 levels

Variables alivary TLR4
Age 136
PI .089
GI .100
PPD .102

Table 1 Clinical Periodontal Measurement in study groups

Multiple comparison test

Clinical variables Periodontitis - Gingivitis  Healthy  Kruskal-wallis test P-value result for Kruskalwallis
(Mean) (Mean) (Mean) value test
Periodontitis
Age(years) 37.21 21.71 21.85 25.267 <0.001 >Gingivitis, Healthy
Plaque index 177 130 0.0079 31303 <0.001  Periodontitis >Gingivitis
>Healthy
Lo Periodontitis > Gingivitis
Gingival index 2.03 1.73 0.10 35.102 <0.001 >Healthy
PPD 3.86 2.13 1.89 31.545 <0001  FPeriodontitis >Gingivitis
>Healthy
CAL R

Table 2 Sex wise distribution of the subjects by group wise

Chi-
Gender Periodontitis  Gingivitis Healthy square -
value
test value

Male No. 6 3 9 5.250 0.072

% 42.9 21.4 64.3
Female  No. 8 11 5

% 57.1 78.6 35.7

The siginificant p-value of the Kruskalwallis test for plaque
index infers that plaque level has been different for the three
groups of respondents. Multiple comparison test for
Kruskalwallis test indicates that all the three groups are
statistically different and patients with chronic periodontitis
have higher plaque index than gingivitis and healthy subjects.

Comparison of Plaque index and Gingival index

among groups
2.5 1 2.03
, VLT 1.73
15 1.3
1 - u|
05 - 1 q
0 T T 1
Periodontitis ~ Gingivitis Healthy

Graph 1 Comparison of plaque and gingival index among groups

Table 3 Descriptive statistics of salivary TLR4 by group wise

Multiple comparison test

Descn:lp.t V€ periodontitis Gingivitis  Healthy Kruskal-wallis test P-value result for Kruskal-wallis
statistics value test
Mean 2.99 1.38 1.06 994 0.608 -
SD 4.10 1.67 3.51
Minimum -.390 -.870 -7.290
Maximum 14.800 4.710 7.460

Further gingivitis group has higher plaque index than healthy
subjects. The siginificant p-value of the gingival index infers
that gingival inflammation level has been different for the three
groups of respondents. To get more details, multiple
comparison test for Kruskalwallis test has been applied. The
result indicates that all the three groups are statistically
different. The periodontitis respondents are having higher
gingival index than gingivitis and healthy subjects. Further
gingivitis group has higher gingival index than healthy
subjects. The significant p-value of the Kruskalwallis test infers
that PPD has been different for the three groups. Further, the
multiple comparison test result indicates that the periodontitis
patients are having higher PPD than gingivitis and healthy
subjects and also gingivitis are having higher PPD than healthy
subjects as expected. The main objective of the study is to find
out whether the TLR4 level has been different for the
periodontitis patients compared to other groups. The average
TLR4 level for the periodontitis group has been 2.99, the mean
TLR4 level in saliva for gingivitis group has been 1.38 and the
TLR4 level in saliva for healthy respondents was 1.06.

Comparison of mean Probing pocket depth among
groups

Graph 2 Comparison of mean PPD among groups
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Mean with SD of TLR4 values in saliva for the three groups

"

Gingivitis

Periodontitis

Graph 3Mean with SD of TLR4 values in saliva for the three groups

DISCUSSION

A complex interplay between the bacterial pathogens in the
dental plaque biofilm and the host immune inflammatory
events plays a critical role in the development of periodontal
diseases.” Human gingiva is exposed to a broad range of gram
positive and gram negative bacteria. A change in the
subgingival ecology by microbial succession from
predominantly gram positive to gram negative rods in the
biofilm is associated with transition from health to disease in
the periodontium."® Specific gram negative anaerobic bacteria
in subgingival pockets and their products are linked with
initiation and exacerbation of periodontitis.'*'> The host’s
immunoinflammatory response is cardinal in determining
individuals susceptibility to periodontitisand TLRs plays a
central role in innate immunity.’ TLR4, the most extensively
studied PRR of the TLR superfamily which is also described
as immunity’s eye or bug detectors has been identified as
principal signaling receptor for gram negative bacterial cell
wall components and is essential in maintaining periodontal
health. TLRs have been widely implicated in periodontal
diseases especially in chronic periodontitis.”' > However,
overexaggerated or chronic TLR4 signaling could lead to the
breakdown of periodontal tissues.™***

Previous studies have reported the expression of TLR4 in
gingival tissues.'” Certain studies have displayed a stronger
expression of TLR4 in inflamed tissues than healthy tissues.”
No difference in TLR4 expression was demonstrated in healthy
and inflamed tissues by Beklener al (2008)" and lower levels
of TLR4 expression was displayed in inflamed tissues by
Promsudthier al (2014).% Several studies also have
displayedstronger relationship between TLR4 expression and
inflammation severity in periodontal tissues.'"'**?% Few
studies have also reported significantly elevated expression of
TLR4 in the tissues of patients with chronic periodontitis
compared with periodontally healthy individuals ' and
downregulated TLR4 expression was also displayed in
chronic periodontitis patients.*’

Budunelier al (2011)'® and Banuer al (2015)'%analysed the
salivary and plasma levels of TLR4 by enzyme linked
immunosorbant assays and reported increased TLR4 levels in
both plasma and saliva of patients with periodontitis when
compared with periodontally healthy subjects.'™** Sarah er al
(2006)'* has reported significantly elevated TLR4 expression
in tissues of patients with gingivitis compared with healthy
individuals. There are no studies regarding TLR4 levels in
saliva and plasma of patients with chronic gingivitis*and there

are relatively very few studies that have analysed the salivary
and plasma levels of TLR4 in patients with periodontitis.'*'®

Because of the potential association between periodontal
disease and host immune response, the aim of the present
study is to analyse and compare the salivary and plasma
levels of TLR 4 in patients with chronic periodontitis, chronic
gingivitis and periodontally healthy individuals by sandwich
enzyme linked immunosorbant assay using Raybio human
TLR4 ELISA kit. The minimum sensitivity of this kit for
Human TLR4 was determined to be 0.4 ng/ml.

Unstimulatedwhole Saliva has been used as diagnostic fluid as
it is a easy, non invasive, and reliable. Unstimulated saliva is
preferred due to variations of analytes in stimulated saliva. The
plasma levels of TLR4 have also been analysed in these groups
as they will reflect the systemic status of the individual.'®'®
Dependent variables like salivary and plasma TLR4
concentrations were assessed by comparing the average sample
optical density readings to the concentrations from the assay
standard curve.

The mean age of the periodontitis, gingivitis and healthy
patients were 37.2,21.71 and 21.85 years respectively and the
age of the periodontitis patients has been higher than
gingivitis and healthy subjects. The mean age of the gingivitis
and healthy subjects has been similar (Table no.1). Sex wise
distribution has been similar for the periodontitis, gingivitis and
healthy patients with a distribution percentage of 42.9, 21.4
and 64.3 for males and 57.1, 78.6 and 35.7 for females
respectively. There was no significant difference in sex
distribution between the study groups (p value -0.072) (Table
2).

The results of descriptive statistics of plaque index by
groupwise had displayed mean plaque index of 1.77, 1.30 and
0.0079  in periodontitis, gingivitis and healthy groups
respectively. The patients in chronic periodontitis group have
higher plaque index than gingivitis and healthy subjects with a
significant p value < 0.001 (Table 1). Further, Gingivitis
patients have higher plaque index than healthy subjects. This is
in concordance with the studies by Buduneliet a/ (201 1)!% and
Banuet al (2015)'° who had also demonstrated significantly
higher plaque index in patients with periodontitis with p value
< 0.001. The mean gingival index of the periodontitis,
gingivitis and healthy groups were 2.03, 1.73 and 0.10
respectively. The patients in chronic periodontitis group have
higher gingival index than gingivitis patients and healthy
subjects with a significant p value < 0.001(Table no.1). Further,
gingivitis patients have higher gingival index than healthy
subjects.

In our study, the mean PPD of the periodontitis, gingivitis and
healthy groups were 3.86, 2.13 and 1.89 respectively. The
patients in chronic periodontitis group have higher PPD than
gingivitis patients and healthy subjects with a significant p
value < 0.001 (Table no.1). Further, gingivitis patients have
higher probing pocket depth than healthy subjects. The results
are in concordance with the studies by Buduneliet al (2011)"'°
and Banuet al (2015)."° The healthy group exhibited
significantly lower values in all clinical measurements (P
<0.001) than the gingivitis patients and also the gingivitis
patients exhibited significantly lower values in all clinical
measurements (P<0.001) as expected. The significant
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difference in clinical measurements between chronic
periodontitis and healthy groups is in accordance with the
previous studies by Budunelier al (2011)'° and Banuet al
(2015).1°

Budunelier al/ (2011)'® in his cross sectional study have
analysed the salivary and plasma TLR4 levels in chronic
periodontitis patients and healthy subjects and concluded that
inflammation increases the expression of TLRs which leads to
an increased detection of TLRs in saliva and plasma.

The results of our study found that there was no significant
difference in the salivary TLR4 levels among the three groups
(Table 3). Salivary mean TLR4 concentrations in chronic
periodontitis patients was 2.99 ng/ml which is more than the
levels of chronic gingivitis group (1.38 ng/ml) and healthy
group(1.06 ng/ml) (Table no.3). However there was no
statistically significant difference in the salivary TLR4 levels
between the groups which is not in concordance with the
studies by Budunelier al (2011)'® and Banuet al (2015)'°. No
difference in TLR4 expression was also demonstrated in
healthy and inflamed tissues byBeklenes a/(2008)"*.Correlation
analyses between the selected clinical parameters and analyte
concentrations (TLR4 levels in saliva) was performed to find
out the relationship between them (Table no.4) No significant
correlations was demonstrated.

Differences in geography and demographics, ethnic
differences, genetic factors and usage of different ELISA kits
may potentially be the cause of a different result of our study.
Finally, ‘normal’ values of salivary and plasma TLR4 in
periodontal health and disease requires further investigations to
define a true normal/abnormal value. The precise role of TLR4
in sensing the LPS of periodontopathogens is also not yet
elucidated. Additional studies in the future will clarify the
range of TLR4 concentration in biologic fluids in relation with
periodontal disease.

SUMMARY AND CONCLUSION

TLR4 expression was demonstrated in saliva of all the three
groups with an increased level in the chronic periodontitis
group compared to others but the difference in levels were not
statistically significant. Within the limitations of the study and
based on the findings obtained from our study, we summarize
that the salivary TLR4 levels were found to be higher in
patients with chronic periodontitis but the difference in levels
was not statistically significant compared to other groups.

However our understanding of the functions of TLR4 is at a
very early stage and there remains many questions to be
answered. Only limited studies have been conducted on
salivary levels of TLR4 in patients with periodontal diseases.
Further studies are expected in the future to elucidate the
"normal and abnormal" values of salivary TLR4 in periodontal
disease and health. Larger-scale, stringently controlled,
interventional studies in different populations are required to
better address this issue and to draw definitive conclusions
regarding the role of TLR4 in periodontal diseases and
diagnostic usefulness of TLR4 in progression of periodontitis.

Bibliography

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Dentino A, Lee S, Mailhot J, Hefti AF. Principles of
periodontology. Periodontol 2000. 2013;61(1):16-53.
Academy report. Treatment of plaque induced gingivitis,
chronic periodontitis and other clinical conditions. J
Periodontol. 2001;72:1790-1800.

Carranza FA, Takei HH, Cochran DL. Carranza’s
Clinical Periodontology. 10th ed. Noida: Saunders, Reed
Elsevier India Private Limited; 2006.

Mahanonda R, Pichyangkul S. Toll-like receptors and
their role in periodontal health and disease. Periodontol
2000. 2007;43(1):41-55.

Cekici A, Kantarci A, Hasturk H, Van Dyke TE.
Inflammatory and immune pathways in the pathogenesis
of periodontal disease. Periodontol 2000. 2014;64(1):57-
80.

Hajishengallis G. Toll gates to periodontal host
modulation and vaccine therapy. Periodontol 2000.
2009;51(1):181-207.

Vasselon T, Detmers PA. Toll receptors: a central
element in innate immune responses. [Infection
andImmunity. 2002;70(3):1033-1041.

Hans M, Hans VM. Toll-like receptors and their dual role
in periodontitis: a review. Journal of oral science.
2011;53(3):263-271.

Maheaswari R, Sivasankar K, Subbarayan S. Toll gates:
An emerging therapeutic target. J Indian SocPeriodontol.
2014;18(6):686-692.

Banu S, Jabir NR, Mohan R et al. Correlation of Toll-like
receptor 4, interleukin-18, transaminases, and uric acid in
patients with chronic periodontitis and healthy adults. J
Periodontol. 2015;86(3):431-439.

Mori Y, Yoshimura A, Ukai T, Lien E, Espevik T, Hara
Y. Immunohistochemical localization of Toll-like
receptors 2 and 4 in gingival tissue from patients with
periodontitis. Oral Microbiollmmunol. 2003;18(1):54-58.
Sarah SM, Tamilselvan S, Kamatchiammal S, Suresh R.
Expression of Toll-like receptors 2 and 4 in gingivitis and
chronic periodontitis. Ind J DentRes. 2006;17(3):114-
116.

Beklen A, Hukkanen M, Richardson R, Konttinen YT.
Immunohistochemical localization of Toll-like receptors
1-10 in periodontitis. Oral
Microbiollmmunol.2008;23(5):425-431.

Yoshioka H, Yoshimura A, Kaneko T, Golenbock DT,
Hara Y. Analysis of the activity to induce Toll-like
receptor(TLR)2 and TLR4-mediated stimulation of
supragingival plaque. J Periodontol. 2008;79(5):920-928.
Fatemi K, Radvar M, Rezaee A, Rafatpanah H, Dadpour
Y, Radvar N. Comparison of relative TLR-2 and TLR-4
expression level of disease and healthy gingival tissue of
smoking and non-smoking patients and periodontally
healthy control patients. Aust Dent J. 2013;58(3):315-
320.

Buduneli N, Ozcaka O, Nalbantsoy A. Salivary and
plasma levels of Toll-like receptor 2 and Toll-like
receptor 4 in chronic periodontitis. J Periodontol.
2011;82(6):878-884.

Kaufman E, Lamster IB. Analysis of saliva for
periodontal diagnosis. J ClinPeriodontol.
2000;27(7):453-465.

28464 |Page



SahayaSangeetha S et al., Estimation of Salivary Levels of toll-like Receptor 4 in Patients With Chronic Gingivitis and Chronic Periodontitis

18.

19.

20.

21.

22.

23.

Syndergaard B, Al-Sabbagh M, Kryscio RJ et al. Salivary
biomarkers associated with gingivitis and response to
therapy. J Periodontol. 2014;85(8):¢295-303.

Zhang Y, Sun J, Lin CC, Abemayor E, Wang MB, Wong
DT. The emerging landscape of salivary diagnostics.
OralHealth Dent Manag. 2014;13:200-210.

Soben Peter. Indices in dental epidemiology. Essentials of
preventive and community dentistry. 4th ed. New Delhi:
Arya Publishing house; 2009. P.321-26

Ebersole JL, Dawson DR, Morford LA, Peyyala R, Miller
CS, Gonzalez OA. Periodontal disease
immunology: ‘doubleindemnity’in protecting the host.
Periodontol 2000. 2013;62(1):163-202.

Dixon DR, Bainbridge BW, Darveau RP. Modulation of
the innate immune response within the periodontium.
Periodontol 2000. 2004;35(1):53-74.

Krauss JL, Potempa J, Lambris JD, Hajishengallis G.
Complementary Tolls in the periodontium: how
periodontal bacteria modify complement and Toll-like
receptor responses to prevail in the host. Periodontol
2000. 2010;52(1):141-162.

24.

25.

26

27.

28.

Ozturk A, Vieira AR. TLR4 as a risk factor for
periodontal disease: a reappraisal. J ClinPeriodontol.
2009;36(4):279-286.

Promsudthi A, Poomsawat S, Limsricharoen W. The role
of Toll-like receptor 2 and 4 in gingival tissues of chronic
periodontitis subjects with type 2 diabetes. J
PeriodontRes. 2014;49(3):346-354.

.Ren L, Leung WK, Darveau RP, Jin L. The expression

profile of lipopolysaccharide-binding protein, membrane-
bound CD14, and toll-like receptors 2 and 4 in chronic
periodontitis. J Periodontol. 2005;76(11):1950-1959.
Ozturk A, Yildiz L. Expression of transient receptor
potential vanilloid receptor 1 and toll-like receptor 4 in
aggressive periodontitis and in chronic periodontitis. J
Periodont Res. 2011;46(4):475-482.

Albiger B, Dahlberg S, Henriques-Normark B, Normark
S. Role of the innate immune system in host defence
against bacterial infections: focus on the Toll-like
receptors. Journal of Internal medicine. 2007;261(6):511-
528.

How to cite this article:

SahayaSangeetha Ser al. 2018, Estimation of Salivary Levels of toll-like Receptor 4 in Patients With Chronic Gingivitis and
Chronic Periodontitis. Int J Recent Sci Res. 9(8), pp.28460-28465.DOI: http://dx.doi.org/10.24327/ijrsr.2018.0908.2464

sk sk ki sk

28465 |Page



