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Abstract

Aim: To investigate the relationship between inflammatory markers and platelet
size in generalized aggressive periodontitis (GAgP).

Material and Methods: Periodontal, inflammatory and platelet indices were com-
pared between 59 GAgP patients and 59 healthy subjects. Gingival biopsies from
five patients and five healthy subjects were examined by immunohistochemistry
and electron microscopy. Changes in patient periodontal and platelet indices were
re-evaluated at 3 months after periodontal therapy.

Results: Platelet size was decreased significantly in GAgP patients compared to
healthy subjects (p < 0.003). Weak negative correlations between platelet size and
periodontal parameters were found in GAgP patients (p < 0.025). Platelet aggre-
gates and adhesion to the endothelium or leucocytes were found in venules and
connective tissues of gingival biopsies from GAgP patients. Mean platelet volume
(MPV) and platelet large cell ratio increased after periodontal therapy in GAgP
patients (p < 0.038). The increase in MPV was related to the decrease in bleeding
index in GAgP patients after periodontal therapy (p < 0.001; r = 0.357).
Conclusion: Platelet size was reduced in GAgP patients compared to healthy con-
trols, possibly due to the consumption of large platelets at sites of periodontal inflam-
mation. Platelets may be involved in host responses to periodontal infection in GAgP.
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Platelets are small cell fragments that
circulate  in  the  bloodstream.

Emerging evidence suggests that pla-
telets may be an important compo-
nent of the immune system (Weyrich
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& Zimmerman 2004, Li et al. 2013).
In addition to their well-known roles
in haemostasis and thrombosis, pla-
telets participate in a wide variety of
processes involving tissue injury,
immune responses and repair that
underlie diverse diseases, such as
atherosclerosis, autoimmune disor-
ders, inflammatory lung and bowel
disorders, host defence responses

and sepsis (Zarbock et al. 2006,
Vowinkel et al. 2007, Boilard et al.
2010, Linden & Jackson 2010, Smith
& Weyrich 2011, Li et al. 2013, Kuo
et al. 2015, Thomas & Storey 2015).

Platelet count, platelet large cell
ratio (PLCR) and mean platelet vol-
ume (MPV) are quantitative mea-
sures of the wvariability in platelet
number and size, indicating subclini-
cal platelet function (Vagdatli et al.
2010). Recent studies have suggested
MPV as a marker of inflammation,
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disease activity and the efficacy of
anti-inflammatory treatment in sev-
eral inflammatory disorders includ-
ing familial mediterranean fever,
ankylosing spondylitis, rheumatoid
arthritis, ulcerative colitis, active
inflammatory bowel disease and syn-
ovitis of knee osteoarthritis (Coban
& Adanir 2008, Kisacik et al. 2008,
Shen et al. 2009, Yiiksel et al. 2009,
Yazici et al. 2010a,b, Balbaloglu
et al. 2014), reflecting the role of pla-
telets as mediators of inflammation
and immune responses.

Periodontitis is an inflammatory
disease of host responses against
bacterial challenges, which leads to
the destruction of periodontal tissues
and has adverse effects on systemic
health (Armitage 1999). Previous
work by our group showed that the
decrease in MPV was related to the
severity of periodontal inflammation
in chronic periodontitis (Wang et al.
2015). However, in a previous study
of generalized aggressive periodonti-
tis (GAgP), although mean MPV
was lower in patients compared to
healthy controls, the difference was
not statistically significant (Shi et al.
2008). Generalized aggressive peri-
odontitis, a subform of periodonti-
tis, is characterized by rapid and
extensive destruction of the peri-
odontium in otherwise healthy
young patients (Armitage 1999),
who are not suffering from any sys-
temic disease or condition such as
diabetes mellitus or coronary heart
disease. Because of this apparent dif-
ference in chronic and generalized
aggressive periodontitis, this study
has re-evaluated the possible role of
platelets in generalized aggressive
periodontitis using a longitudinal,
intervention study.

Material and Methods

Ethics statement

The study was approved by the Ethics
Committee of Peking University
Health Science Center (IRB00001052-
08010). Written informed consent
was obtained prior to the enrolment
of each subject.

Subjects

In total, 59 patients with GAgP were
recruited consecutively from the
Periodontology Department, Peking
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University School and Hospital of
Stomatology. At baseline, the inclu-
sion criteria for the GAgP group
were according to the 1999 Interna-
tional Classification of Periodontal
Diseases (Armitage 1999): onset of
periodontal disease at <35 years of
age; at least 20 functional teeth
remaining in the mouth; at least
eight teeth with probing depth (PD)
>6 mm, at least three of which are
not first molars or incisors; and alve-
olar bone loss.

In total, 59 age-matched healthy
subjects were recruited from the
staffs and students of the Peking
University School and Hospital of
Stomatology. Inclusion criteria were
teeth with PD <3 mm, no site with
attachment loss (AL) and no bone
loss visible on radiographs.

All subjects were free of systemic
disease. Pregnant women, smokers
and subjects who had received antibi-
otics, immunosuppressive drugs or
periodontal therapy within the previ-
ous 6 months were excluded.

Clinical examination

At baseline, each subject completed
a questionnaire. A set of full-mouth
periapical radiographs was taken,
and a full-mouth clinical periodontal
examination was carried out by a
calibrated periodontist (XW), includ-
ing PD and AL, using a William’s
periodontal probe at six sites (mesio-
buccal, mid-buccal, disto-buccal,
mesio-lingual, mid-lingual and disto-
lingual) of each tooth. To test for
bleeding after probing, the probe
was carefully and gently introduced
into the gingival sulcus. A probing
pressure of 0.25 N was applied to
assess bleeding after probing. The
bleeding index (BI, Mazza et al.
1981) was recorded at 30 seconds
after probing on two sides (buccal
and lingual) per tooth. Sites with PD
>6 mm and AL >5 mm were defined
as severe sites (Shi et al. 2008). The
percentage of severe sites was calcu-
lated.

Blood collection and processing

Fasting venous blood samples were
obtained from each subject. A tech-
nician who was blinded to case sta-
tus performed the complete blood
cell analysis of blood samples in
EDTA-containing  tubes in a
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calibrated Sysmex XS-1,000 auto-
mated haematology analyser (Sys-
mex, Kobe, Japan).

Plasma was separated and stored
immediately at —70°C. Plasma levels
of interleukin-1p (IL-1f), C-reactive
protein (CRP), interleukin-6 (IL-6)
and tumour necrosis factor-o (TNF-
o) were measured using enzyme-
linked immunosorbent assay Kkits
(IL-1B; R&D Systems, Inc., Min-
neapolis, MN, USA; CRP; Diagnos-
tic System Laboratories, Inc.,
Webster, TX, USA; IL-6; R&D Sys-
tems, Inc. and TNF-o, Bender
Medsystems, Inc., Vienna, Austria),
in accordance with the manufactur-
ers’ protocols.

Nonsurgical periodontal therapy

After baseline examinations, all
patients with GAgP received non-
surgical periodontal therapy, includ-
ing oral hygiene instruction,
supragingival scaling and quadrant-
based subgingival scaling and root
planing under local anaesthesia.
Clinical re-evaluation and blood
tests were taken at 3 months after
non-surgical periodontal therapy.
Periodontal parameters were re-eval-
uated by the same examiner.

Histology and immunohistochemistry of
gingival tissues

Gingival tissues were harvested using
horizontal incisions made ~2 mm
apically to the gingival margin when
extracting third molars from five
healthy volunteers and when extract-
ing teeth with severe periodontitis
from five GAgP patients. Gingival
biopsies were fixed in 4%
paraformaldehyde and processed in
paraffin for routine histology, and
sections (5 um) were stained with
haematoxylin and eosin (H&E). The
localization of platelets and neu-
trophils in gingival tissues was
detected by immunocytochemistry
using a rabbit monoclonal antibody
to the platelet-specific marker CD41

(Abcam, Cambridge, UK) and a
mouse monoclonal antibody to
S100A8/A9 (Abcam), which has

been estimated to constitute ~40%
of the total cytosolic proteins in neu-
trophils (Yui et al. 2003), according
to the manufacturer’s instructions.
Briefly, tissue sections were dewaxed
with xylene and rehydrated with



152 Zhan et al.

descending concentrations of etha-
nol. Endogenous peroxidase was
blocked by treatment with 3% H,O,
for 30 min. at room temperature.
Microwave antigen retrieval with
EDTA antigen retrieval solution
(1 mM, pH 9.0) was performed for
S min. and stopped for 3 min. in
triplicate. Sections were incubated
with antibodies to CD41 (2 upg/ml;
Abcam) and S100A8/A9 (1 ug/ml;
Abcam) overnight at 4°C. The pri-
mary antibody was replaced with
species-specific non-immune IgG for
negative controls. The location of
platelets and neutrophils was visual-
ized using a Polymer Double Stain-
ing Detection Kit (Zhongshan
Golden Bridge Biotechnology, Bei-
jing, China). Briefly, after washing
with phosphate-buffered saline (PBS,
0.01 M, pH 7.4), sections were incu-
bated with species-specific secondary
antibodies labelled with horseradish
peroxidase (HRP) and alkaline phos-
phatase (AP) for 30 min. at room
temperature, and DAB for HRP and
GBI for AP were used to detect
CD41 and S100A8/A9. Sections were
finally counterstained with haema-
toxylin and mounted. Images were
captured with a digital microscopic
system (Olympus BX51/DP72,
Tokyo, Japan). For transmission
electron microscopy, gingival tissue
samples were fixed in glutaraldehyde
(2.5%) and paraformaldehyde
(3.3%) in phosphate buffer (pH 7.2).
Ultrathin sections were cut, contrast
stained with uranyl acetate (50% in
acetone) and lead citrate and exam-
ined with a JEOL 100-CX transmis-
sion electron microscope.

Statistical analysis

Statistical analyses of the data were
performed using spss 19.0 (SPSS,
Chicago, IL, USA). Shapiro-Wilk
test and Levene variance homo-
geneity test were performed to test
the normality and variance equality,
respectively. Continuous normally
distributed data were expressed as
mean + standard deviation (SD),
and non-normally distributed data
as median (lower to  upper
quartile).  Student’s  t-test and
Mann-Whitney U-test were used to
identify any differences between
groups. Gender was analysed using
chi-square test. Comparisons of
clinical and blood parameters of

patients with GAgP between base-
line and 3 months after periodontal
therapy were performed using
paired samples z-test or Wilcoxon
Signed Ranks test. To account for
multiple comparisons, the observed
p-values were corrected by the Bon-
ferroni correction. Correlation anal-
ysis was performed using Pearson
or Spearman correlation analysis. A
two-tailed p-value <0.05 was con-
sidered to indicate statistical signifi-
cance.

Results

In total, 59 GAgP patients and
59 healthy subjects were enrolled in
this study, and 47 GAgP patients
underwent clinical and haematologi-

Demographic features and periodontal
status of the subjects at baseline

Demographic data and periodontal
parameters of patients with GAgP
and healthy subjects at baseline are
shown in Table 1. There was no sig-
nificant difference in age, gender or
BMI between the groups. High PD,
AL, BI and percentage of severe
sites in patients with GAgP indicated
severe periodontal inflammation.

Comparisons of haematological and
inflammatory markers between GAgP
patients and healthy subjects at baseline

The percentage and number of neu-
trophils in GAgP patients were sig-
nificantly higher than those in
healthy subjects (p < 0.002; Table 2).

cal re-examinations at 3 months PLCR and MPV were significantly
after non-surgical periodontal  lower in the GAgP group than in
therapy. the control group (p < 0.003;
Table 1. Clinical parameters of the study subjects

GAgP group (n = 59) Control group (n = 59) p-Value
Age (year) 27.90 + 5.10 26.30 + 4.50 0.067
Gender (F/M) 34/25 35/24 0.852
BMI 22.37 £ 3.70 21.45 £ 2.17 0.103
Mean PD (mm) 4.95 £ 1.06 1.61 £ 0.20 <0.001*
Mean BI 3.56 (3.33-3.86) 1.14 (1.11-1.21) <0.001*
Mean AL (mm) 497 £ 1.55 0.00 £+ 0.00 <0.001*
Severe sites (%) 39.42 £ 19.95 0.00 £ 0.00 <0.001%*

BMI, body mass index; PD, pocket depth; BI, bleeding index; AL, attachment loss.
Data are presented as mean £+ SD, number of subjects or median (lower-upper quartile).
Between-group comparisons were performed using z-test, chi-square test or Mann—Whitney

U-test.
*Significant after Bonferroni correction.

Table 2. Haematological characteristics of the study subjects

GAgP group (n =59) Control group (n =59) p-Value
WBC (x10°/1) 6.04 + 1.92 5.52 + 1.07 0.073
NEUT% 64.60 + 8.28 57.87 £ 7.40 <0.001*
LYM% 29.80 + 8.03 35.10 £+ 7.01 <0.001*
NEUT (x10°/1) 4.01 £ 1.71 3.22 +0.85 0.002*
LYM (x10°/1) 1.72 £ 0.44 1.91 £ 0.45 0.018
PLT (x10°/1) 212.83 + 48.36 232.83 + 51.48 0.032
PLCR 0.18 (0.14-0.22) 0.22 (0.17-0.30) 0.001*
MPV () 8.90 (8.40-9.50) 9.40 (8.70-10.50) 0.003*
IL-1p Conc. in plasma (pg/ml) 7.21 (4.46-11.42) 2.79 (1.72-7.25) <0.001*
IL-6 Conc. in plasma (pg/ml) 1.48 (0.27-3.46) 0.08 (0.04-0.67) <0.001*
CRP Conc. in plasma (mg/l) 1.92 (0.56-5.02) 0.46 (0.24-1.08) <0.001*
TNF-o Conc. in plasma (pg/ml) 0.85 (0.30-1.99) 0.57 (0.18-2.14) 0.303

WBC, white blood cell; NEUT %, percentage of neutrophil granulocyte; LYM %, percentage
of lymphocyte; NEUT, number of neutrophil granulocyte; LYM, number of lymphocyte;
PLT, number of platelet; PLCR, platelet large cell ratio; MPV, mean platelet volume; IL-
1p, interleukin-1p; IL-6, interleukin-6; CRP, C-reactive protein; TNF-x, tumour necrosis

factor-alpha; Conc., concentration.

Data are presented as mean + SD or median (lower-upper quartile). Between-group com-
parisons were performed using #-test or Mann—Whitney U-test.

*Significant after Bonferroni correction.
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Table 2). Patients with GAgP
showed  accompanying  systemic
inflammation, with elevated levels of
inflammatory markers. Plasma levels
of IL-1p, 1L-6 and CRP were ele-
vated significantly in GAgP patients
compared to  healthy subjects
(p < 0.001; Table 2).

Correlations between platelet indices and
periodontal parameters in GAgP patients
at baseline

Platelet large cell ratio and MPV
showed significant, weak correlations
with periodontal parameters (mean
PD, BI and AL) in GAgP patients
(p <0.025; Table 3).

Changes in clinical and haematological
parameters after non-surgical periodontal
therapy in GAgP patients

Inflammatory conditions were con-
trolled at 3 months post-therapy in
GAgP patients, as manifested by sig-
nificant reductions in PD, BI, per-
centage of severe sites and
percentage of neutrophils (p < 0.001;
Table 4). Moreover, MPV and
PLCR in GAgP patients increased
significantly at 3 months after peri-
odontal therapy compared with

baseline (p < 0.038; Table 4). After
periodontal therapy, PLCR and
MPYV in patients increased to values
not different from those for healthy
subjects (p =0.537 and 0.474,
respectively; Tables 2 and 4).

Partial correlation between changes in
platelet indices and periodontal
parameters after periodontal therapy
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After controlling for age, gender and
BMI as potential confounders, step-
wise multiple regression analysis
demonstrated a weak partial correla-
tion between the change in BI and
the change in MPV in GAgP
patients after periodontal therapy
(r = 0.357, p < 0.001; Fig. 1).

Platelet localization in inflammatory
gingival tissues of patients with GAgP

Aggregates of CD4l1-positive plate-
lets were observed in inflamed gingi-
vae  (Fig. 2cf). Platelets were
adhered to the vessel wall, and neu-
trophils were attached to the
adhered platelets and vessel wall
(Fig. 2d). The distribution of the
platelet aggregates in connective tis-
sue was consistent with the area of
tissue inflammation and the extent

Table 3. The relationships between platelet indices and periodontal parameters in GAgP

group at baseline (n = 59)

PLCR MPV
r p-Value r p-Value
Mean PD -0.314 0.012 —0.330 0.008
Mean BI —0.412 0.001 —0.416 0.001
Mean AL —0.282 0.025 -0.313 0.012

PLCR, platelet large cell ratio; MPV, mean platelet volume; PD, pocket depth; BI, bleeding

index; AL, attachment loss.

Correlation analysis was performed using Pearson or Spearman correlation analysis.

Table 4. Changes in periodontal and haematological parameters at 3 months after non-

surgical periodontal therapy of GAgP group

Baseline (n = 47) After therapy (n = 47) p-Value
Mean PD (mm) 5.16 £ 0.93 3.15 £ 0.56 <0.001*
Mean BI 3.72 £ 0.37 211 £ 1.28 <0.001*
Severe sites (%) 38.27 + 20.53 3.41 £4.23 <0.001*
NEUT % 63.27 + 8.40 57.77 £ 8.57 0.001*
PLCR 0.19 (0.16-0.26) 0.25 (0.17-0.31) 0.038
MPV (1) 9.00 (8.50-9.75) 9.70 (8.65-10.80) 0.009*

PD, pocket depth; BI, bleeding index; NEUT%, percentage of neutrophil granulocyte;
PLCR, platelet large cell ratio; MPV, mean platelet volume.

Data are presented as mean £+ SD or median (lower-upper quartile). Comparisons were per-
formed using the paired-samples 7-test or Wilcocon Signed Ranks test.

*Significant after Bonferroni correction.

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Fig. 1. Partial correlation between the
change in mean platelet volume (MPV)
and the change in bleeding index (BI) at
3 months after non-surgical periodontal

therapy in GAgP patients (n =47,
r=0.357, p < 0.001).
of inflammatory cell infiltration

(Fig. 2e.,f). Some of these platelets
were co-localized with, and attached
to, leucocytes, including neutrophils
(Fig. 2d.,f). All gingival specimens
from GAgP patients showed similar
histological appearance. Few or no
platelets or neutrophils were found
in control healthy gingival tissue
(Fig. 2a,b). Large platelets, mani-
fested as extension and formation of
protrusions, were confirmed in
inflamed gingivae of GAgP patients
by transmission electron microscopy.
Extended platelets were aggregated
in microvascular vessels (Fig. 3a)
and were attached to undamaged
endothelium and leucocyte (Fig. 3b).

Discussion

In this study, low MPV and PLCR
were found in GAgP patients. A
possible explanation was the con-
sumption of reactive large platelets
at sites of periodontal inflammation.
The increase in MPV in response to
non-surgical periodontal therapy was
related to the control of periodontal
inflammation in patients with GAgP.

The role of platelets in various
inflammatory disorders has been
reported and laboratory markers of
platelet function, such as MPV, have
been investigated in several inflam-
matory disorders including familial
mediterranean  fever, ankylosing
spondylitis, rheumatoid arthritis,
ulcerative colitis, active inflamma-
tory bowel disease and synovitis of
knee osteoarthritis (Coban & Adanir
2008, Kisacik et al. 2008, Shen et al.
2009, Yiiksel et al. 2009, Yazici
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Fig. 2. Histological and immunohistochemical appearance of gingival tissue samples
from GAgP patients and healthy subjects. (a, b) Histological images of almost no pla-
telets (CD41, brown) or neutrophils (SI00A8/A9, red) in healthy gingival tissue. (c, d)
Representative histological images of platelet (CD41, brown) aggregates in inflamed
gingival tissue and platelet adhesion to the vessel wall and neutrophils (SI00A8/A9,
red) in the vessels. (e, f) Platelet (CD41, brown) aggregates in connective tissue were
co-localized with inflammatory cell infiltration, with some of the platelets adhering to
neutrophils (SI00A8/A9, red). The boxes in a, ¢ and e highlight the areas imaged at
higher magnifications in b, d and f, respectively. Scale bars, 50 um (a, ¢ and ¢) and

20 pum (b, d and f).

et al. 2010a,b, Balbaloglu et al.
2014). The results of this study
showed that periodontal inflamma-
tion was associated with low MPV
and PLCR in GAgP patients and
were consistent with data from other
inflammatory diseases (Kapsoritakis
et al. 2001, Kisacik et al. 2008, Shen
et al. 2009, Yiiksel et al. 2009) and
our previous finding in severe
chronic periodontitis (Wang et al.
2015).

In a previous cross-sectional
study of patients with aggressive
periodontitis, MPV  was  also
decreased in patients compared with
healthy subjects (Shi et al. 2008) but

the difference did not reach statisti-
cal significance. It is difficult to
explain why MPV was not signifi-
cantly reduced in the previously pub-
lished study of 150 patients,
especially as there were no apparent
differences in the overall clinical
periodontal measures of disease
between the patient cohorts studied.
However, in this study, decreases in
PLCR and MPV correlated with the
severity of periodontal inflammation
in GAgP patients. Furthermore, a
reverse shift of MPV and PLCR to
values similar to those of healthy
subjects was found after clinically
verified, successful periodontal

therapy, suggesting that platelet size
may be an indicator of inflammation
and the efficacy of treatment in
GAgP patients. The post-therapy
increase in MPV was related to the
decrease in BI, further indicating a
connection between platelet size and
the intensity and activity of peri-
odontal inflammation in GAgP.
Consistent with data derived
from studies of other inflammatory
disorders, MPV could be recognized
as a marker of inflammation, disease
activity and an indication of the effi-
cacy of non-surgical treatment in
GAgP. However, the size of platelets
in the circulating blood is dependent
on the intensity of inflammation,
with contrasting MPV features in
high- and low-grade inflammatory
disorders (Kapsoritakis et al. 2001,
Coban & Adanir 2008, Kisacik et al.
2008, Shen et al. 2009, Yiksel et al.
2009, Yazici et al. 2010a,b). In addi-
tion to the clinical evidence of peri-
odontal inflammation (PD, BI and
AL), patients with GAgP had signifi-
cantly higher number and percentage
of neutrophils and plasma levels of
IL-15, IL-6 and CRP compared to
healthy subjects, indicating high
inflammatory  status in GAgP
patients. The finding that inflamma-
tion accompanied the decrease in
MPV and PLCR in GAgP is similar
to data obtained from studies of
other high-grade inflammatory dis-
eases (Kapsoritakis et al. 2001, Kisa-
cik et al. 2008, Shen et al. 2009,
Yiiksel et al. 2009). The cause of the
reduced platelet size in the circula-
tion of GAgP patients remains
unknown, but it may be a conse-
quence of inflammation, similar to
what has been suggested in other
inflammatory  diseases, such as
rheumatoid arthritis (Kisacik et al.
2008), ulcerative colitis (Yiiksel et al.
2009) and ankylosing spondy-
loarthritis (Kisacik et al. 2008), in
which low MPV may be related to
the increased consumption of large
activated platelets at sites of inflam-
mation. Consumption of platelets
in inflamed gingivae was inferred
from histopathological observations
revealing platelet aggregates and pla-
telet adhesion to the endothelium or
leucocytes in gingival biopsies of
patients with GAgP. Platelets local-
ized in inflamed gingivae were large
platelets, as evidenced by their mor-
phology on electron microscopy.

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 3. Ultrastructure of platelets in gingival tissues of GAgP patients. (a) Protru-
sions extend from platelets (arrows), many of which contacted the endothe-
lium. (b) Extended platelets (arrows) attached directly to the endothelium (asterisk)

and to a leucocyte (solid arrowhead). Original magnification:

%3000 (b).

Large platelets manifested as exten-
sion and formation of protrusions
on electron microscopy and were
directly attached to undamaged
endothelium and leucocytes in
venules. The decrease in MPV and
PLCR in the circulation of GAgP
patients may be due to the move-
ment of large platelets to inflamed
gingivae, where they were consumed.

It is increasingly recognized that
platelets, as specialized inflammatory
cells, participate in different aspects
of the inflammatory immune
response, including interactions with
endothelium and leucocytes and the
release of inflammatory mediators
(Zarbock et al. 2006, Vowinkel et al.
2007, Linden & Jackson 2010, Smith
& Weyrich 2011, Li et al. 2013, Tho-
mas & Storey 2015). Membrane-
expressed CD62P or CD40L on pla-
telets engages its receptor on
endothelial ~ cells, resulting in
endothelial cell expression of adhe-
sion molecules and the release of
inflammatory cytokines for leucocyte
chemotaxis and adhesion (Gawaz
et al. 2000, Hausding et al. 2013, Ed
Rainger et al. 2015, Ghasemzadeh &
Hosseini 2015, Gerdes et al. 2016),
which is a key step in the activation
of endothelial cells and the recruit-
ment of leucocytes to inflammatory
sites (Ridley et al. 2003, Phillipson &
Kubes 2011, Pitchford et al. 2016).

x1100 (a) and

In this study, platelets adhering to
the endothelium suggested the inter-
action  between  platelets and
endothelial cells, which may be an
initiating step in periodontal inflam-
mation, resulting in the recruitment
of leucocytes to periodontal tissue.
Leucocytes have been recognized as
major participants in periodontal
inflammatory processes. The interac-
tion between platelets and leucocytes
is a means for the delivery of
molecular signals and a critical step
in the activation and recruitment of
leucocytes to inflammatory sites
for immunopathological responses
(Pitchford et al. 2004, 2005, Zarbock
et al. 2006, Clark et al. 2007, Vowin-
kel et al. 2007, Ghasemzadeh &
Hosseini 2013, Sreeramkumar et al.
2014, Ed Rainger et al. 2015). In this
study, platelets adhering to the sur-
faces of leucocytes (including neu-
trophils) were observed in venules,
and some of platelets in the
extravascular  tissues were also
attached to leucocytes. The interac-
tions of platelets and leucocytes
may be another step in the recruit-
ment of leucocytes to periodontal
tissues in GAgP. In addition, platelet
aggregates and platelet-leucocyte
aggregates contribute to the synthe-
sis and secretion of proinflammatory
cytokines that have a known role in
inflammation and tissue injury

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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(Thachil 2015, DiVito et al. 2016).
Antiplatelet drugs have showed the
ability to attenuate inflammation
and prevent bone loss in experimen-
tal periodontitis (Coimbra et al.
2011, 2014). Observations in this
study suggest that platelets may par-
ticipate in inflammatory immune
responses in GAgP. However, the
role of platelets in host responses to
periodontal infection remains largely
unclear and provides an area for
future studies.

In conclusion, decreased MPV
and PLCR are associated with peri-
odontal inflammation in GAgP
patients. Furthermore, MPV and
PLCR increased to values similar to
those of healthy control subjects
after successful periodontal therapy.
The detection of platelet—endothe-
lium and platelet-leucocyte interac-
tions in inflamed gingivae suggests a
role of platelets in inflammatory
immune responses in GAgP patients.
A better understanding of the role of
platelets in host responses to peri-
odontal infection may lead to novel
approaches for the treatment of peri-
odontitis.
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Clinical Relevance

Scientific rationale for the study:
Evidence suggests the role of plate-
lets as initiators and mediators of
inflammatory responses in various
inflammatory diseases. However,

the role of platelets in generalized
aggressive  periodontitis  (GAgP)
remains unclear. Understanding the
role of platelets in host responses to
periodontal infection may lead to

novel therapeutic approaches for
periodontitis.

Principal findings: Relatively low
mean platelet volume (MPV) and
platelet large cell ratio were found
in GAgP patients. A reverse shift
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of MPV was found after the con-
trol of inflammation by periodontal
therapy. The recruitment of plate-
lets and the adhesion of platelets to
endothelium and leucocytes were
observed in inflamed gingivae. A
possible explanation for low MPV

Role of platelets in periodontitis

in GAgP patients was the consump-
tion of large platelets at sites of peri-
odontal inflammation.

Practical implications: MPV may be
an indicator of periodontal inflam-
mation, disease activity and the effi-
cacy of treatment in patients with
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GAgP. Platelets may participate in
host responses to periodontal infec-
tion. These findings suggest the
potential of antiplatelet drugs in
the treatment of GAgP.

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd





