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Background and Objective: Periostin, a secreted adhesion molecule essential for

periodontal tissue integrity, is highly expressed in the periodontal ligament and

plays a critical role in tooth and bone development. The purpose of this study

was to investigate periostin levels in the gingival crevicular fluid and serum of

patients with periodontal disease and compare them with those of healthy indi-

viduals.

Material and Methods: Eighty individuals (41 males and 39 females; age range:

25–48 years) were enrolled in the study. Individuals were divided into three

groups following clinical and radiographic examinations: the periodontal–
healthy group (n = 20), gingivitis group (n = 30) and chronic periodontitis group

(n = 30). Gingival crevicular fluid and serum samples were collected and perio-

stin levels were determined using the enzyme-linked immunosorbent assay.

Results: The total amount and concentration of periostin decreased in gingival

crevicular fluid with the progression and severity of the disease from healthy

controls to gingivitis and to chronic periodontitis groups and differed signifi-

cantly (p < 0.05). However, there was no significant difference in serum periostin

concentration within all groups (p > 0.05). Periostin in gingival crevicular fluid

negatively correlated with the gingival index in the periodontal disease groups,

whereas it is inversely correlated with the clinical attachment level only in the

periodontitis group (p < 0.05). When all the clinical groups were examined

together, the periostin concentration negatively correlated with clinical attach-

ment level and gingival index; moreover, total periostin positively correlated

with periostin concentration and clinical attachment level (p < 0.05).

Conclusions: The periostin levels in gingival crevicular fluid decreased propor-

tionally with the progression and severity of periodontal disease, and negatively

correlated with the clinical parameters. Within the limits of the study, the perio-

stin level in gingival crevicular fluid can be considered a reliable marker in the

evaluation of periodontal disease susceptibility and activity.
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The periodontium, including epithelial

tissue and soft and mineralized con-

nective tissue, comprises the gingiva,

periodontal ligament (PDL), root

cementum and alveolar bone. Peri-

odontal disease affects the composition

and integrity of all the structures of

the periodontium, leading to the

destruction of the connective tissue
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matrix and cells, loss of fibrous

attachment and resorption of the

alveolar bone (1). Gingivitis is an

inflammatory condition characterized

by the presence of symptoms and clin-

ical signs of inflammation that are

confined to the gingiva and associated

with stable attachment levels on the

periodontium (2). However, periodon-

titis, which is an oral infectious

disease caused by specific microorgan-

isms or groups of microorganisms, is

characterized by progressive clinical

attachment loss, alveolar bone resorp-

tion, periodontal pocketing and gingi-

val inflammation (3).

The PDL is a soft, highly vascular

and cellular connective tissue inter-

posed between the cementum and

alveolar bone (4). PDL has heteroge-

neous cell populations, including

fibroblast, cementoblasts, osteoblast,

osteoclastic cells, sensory cells, endo-

thelial cells and progenitor/stem cells

(1,5,6). PDL cells are considered to

play important roles in not only sup-

porting teeth, protection and provi-

sion of sensory input to the

masticatory system, but also in con-

tributing to wound healing, bone

remodeling and regeneration of peri-

odontal tissues (5,7). Clearly, PDL

cells play an essential role in main-

taining tissue homeostasis, repair and

regeneration in the periodontium.

Periostin was initially termed as

osteoblast-specific factor 2 when first

isolated from the mouse MC3T3-E1

osteoblastic cell line (8). It was

renamed as periostin to avoid its con-

fusion with the transcription factor

Cbfa1, and to indicate its expression

in the periosteum and PDL (9).

Periostin, which is induced by trans-

forming growth factor-b (TGF-b)
and bone morphogenetic protein 2,

directly interacts with fibronectin and

type I collagen through its EMI

domain, and binds to the metallopro-

teinase domain of bone morphoge-

netic protein 1 through its fas1

domain, thereby promoting collagen

cross-linking and mechanical proper-

ties of the connective tissues (9–13).
In addition to the interaction with

extracellular matrix proteins, perio-

stin also interacts with the cell mem-

brane via integrins (14). TGF-b has

effects on osteoblast recruitment and

attachment through its effect on

periostin expression via avb3 and

avb5 integrin-dependent cell adhesion

(15).

There is evidence that absence of

periostin in mice leads to severe alve-

olar bone loss along with attachment

loss, external root resorption and wid-

ening of the PDL (16). Similar experi-

ments indicated that periostin

knockout mice showed eruption dis-

turbance of incisors, defective remod-

eling in the PDL and periodontal

disease-like phenotype (10,17). Perio-

stin potently decreases PDL cell apop-

tosis by regulating hypoxia-inducible

factor-1a levels via TGF-b signaling

(18). It has also been shown to

increase PDL cells proliferation and

migration, and activation of the sur-

vival signaling pathway phosphoinosi-

tide 3-kinase/protein kinase B (PI3K/

AKT) (19). In a recent experimental

study, periostin levels in rat PDL

decreased after periodontitis induc-

tion, and inversely related to the

extent of bone alveolar loss (20).

Although recent experimental and

in vitro studies have been concen-

trated on the role of periostin in both

physiological and pathological pro-

cesses, to our knowledge, no clinical

data are available on the comparison

of periostin levels in gingival crevicu-

lar fluid and serum of healthy individ-

uals with those of patients with

periodontal disease. Therefore, the

present study was designed to investi-

gate gingival crevicular fluid and

serum periostin levels in individuals

with clinically healthy periodontium

and in patients with gingivitis and

chronic periodontitis.

Material and methods

Study population

Eighty individuals, 41 males and 39

females, in the age range of 25–
48 years, admitted to the Periodontol-

ogy Department of Ondokuzmayis

University, Faculty of Dentistry, were

enrolled in the study. All individuals

gave their written informed consent

and the protocol of the study was

approved by the Ethics Committee of

Bulent Ecevit University (2013-94-03/

09).

Clinical measurements

The probing pocket depth (PPD) and

clinical attachment level were mea-

sured and plaque index (PI) and gin-

gival index (GI) scores were recorded

using a Williams’ periodontal probe

(Hu-Friedy, Chicago, IL, USA). All

clinical examinations (at six different

sites around each tooth: mesiobuccal,

distobuccal, midbuccal, mesiolingual,

distolingual and midlingual), group

allocations, sampling site selections

and gingival crevicular fluid collec-

tions were performed by the same

investigator, who was blinded with

respect to the study design. Before

actual measurement, 10 individuals

were randomly selected and used to

calibrate the investigator. The investi-

gator evaluated individuals on two

separate occasions, 48 h apart. Cali-

bration of the investigator was

accepted if measurements at baseline

and 48 h were > 90% similar at the

millimeter level (21).

Inclusion and exclusion criteria

All individuals underwent a full

mouth periodontal examination,

which included PPD, clinical attach-

ment level, PI (22) and GI (23), and

orthopantomography was performed.

Based on the GI, PPD and clinical

attachment level, individuals were cat-

egorized into three groups: individuals

with clinically healthy periodontium

(group 1, n = 20: 10 males and 10

females, age 37.75 � 4.8 years), and

patients with gingivitis (group 2,

n = 30: 16 males and 14 females, age

38.27 � 5.5 years) and chronic peri-

odontitis (group 3, n = 30: 15 males

and 15 females, age 41.17 � 5.37

years). Criteria for the healthy group

were GI = 0, PPD and clinical attach-

ment level ≤ 3 mm, and no signs of

attachment and bone loss by clinical

and radiographic examination (24).

Criteria for the gingivitis group were

clinical signs of inflammation, such as

red color and swelling of the gingival

margin, GI ≥ 2, PPD and clinical

attachment level ≤ 3 mm, and no

708 Balli et al.
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signs of attachment and bone loss

(24). Criteria for the chronic peri-

odontitis group were clinical signs of

inflammation, such as red color and

swelling of the gingival margin, GI

≥ 2, PPD ≥ 5 mm with attachment,

and bone loss by clinical and radio-

graphic examination (24). Descriptive

statistics in the study population are

summarized in Table 1.

The exclusion criteria were aggres-

sive periodontitis, systemic diseases

(i.e. diabetes mellitus, cancer, human

immunodeficiency virus, bone and

collagen–metabolic diseases, or disor-

ders that compromise periostin levels),

chronic high-dose steroid therapy,

radiation or immunosuppressive ther-

apy, allergy or sensitivity to any drug,

pregnancy, lactation and smoking. All

individuals had no history of peri-

odontal therapy or drug therapy for

at least 6 mo.

Collection of samples

In all groups, only one site per indi-

vidual was selected as the sampling

site. Gingival crevicular fluid samples

were obtained from the mesiobuccal

or distobuccal surface of single-rooted

teeth, for a total of 80 samples. To

prevent contamination of gingival cre-

vicular fluid with blood associated

with the probing of the inflamed sites,

all clinical examinations and sampling

site selections were performed the day

before gingival crevicular fluid and

blood samples were collected. In the

healthy group, gingival crevicular

fluid samples were collected from sites

with no clinical inflammation,

whereas the sites with the greatest

clinical signs of inflammation (the

highest GI score with bleeding on

probing) were selected in the gingivitis

group. In the chronic periodontitis

group, the sites showing the greatest

clinical signs of inflammation (the

highest GI score with bleeding on

probing) and PPD along with radio-

graphic confirmation of alveolar bone

loss were selected for gingival crevicu-

lar fluid sampling. Before gingival cre-

vicular fluid sampling, the sites were

isolated with cotton rolls, saliva was

removed and the supragingival pla-

que, if present, was removed using a

sterile curette. Gingival crevicular

fluid was sampled with filter paper

using the intracrevicular method

(Periopaper; ProFlow Inc., Amityville,

NY, USA) (25). Paper strips were

placed into the crevice until mild

resistance was felt, and left in position

for 30 s. Strips with visible signs of

saliva or blood contamination were

discarded. The gingival crevicular

fluid volume of each strip was deter-

mined by electronic impedance (Perio-

tron 8000; ProFlow Inc.). The

samples were placed into a sterile

polypropylene tube and stored at

�70°C until analysis.

Venous blood samples (5 mL) were

collected with the venipuncture

method in the antecubital vein. The

blood samples were centrifuged at

3000 g for 5 min at 4°C. The

extracted serum samples were immedi-

ately aliquoted and frozen at �70°C
until analysis (24).

Analysis of periostin

A modification of the protocol

described by Curtis et al. (26) was

used for the elution of from the

periopapers. Each sampled strip was

placed into a 400 lL Eppendorf cen-

trifuge tube containing 100 lL of 2%

bovine serum albumin in phosphate-

buffered saline and then incubated

for 60 min at 4°C. This tube was

placed into a 1.5 mL microcentrifuge

tube and centrifugation was carried

out at 10,000 g for 5 min at 4°C
after creating a hole on the bottom

of the 400 lL tube to allow the elu-

tion of gingival crevicular fluid into

the microcentrifuge tube. The proce-

dure was repeated twice and 200 lL
of gingival crevicular fluid samples

were collected. The activity of perio-

stin in gingival crevicular fluid and

serum samples was analyzed by stan-

dard enzyme-linked immunosorbent

assay procedures using a commer-

cially available Periostin kit (Uscn

Life Science Inc., Wuhan, China).

The enzymatic reactions were quanti-

fied in an automatic microplate pho-

tometer.

The microtiter plate provided in

this kit was precoated with an anti-

body specific to periostin. Standards

or samples were then added to the

appropriate microtiter plate wells con-

taining a biotin-conjugated antibody

preparation specific for periostin.

Next, avidin conjugated to horserad-

ish peroxidase was added to each

microplate well and incubated. After

tetramethylbenzidine substrate solu-

tion was added, only those wells con-

taining periostin, biotin-conjugated

Table 1. Descriptive statistics in the study population

Parameters* Group Mean � SD p Value

PPD (mm) Healthy 1.87 � 0.39 < 0.05

Gingivitis 2.64 � 0.15

Periodontitis 6.23 � 0.79

CAL (mm) Healthy 1.87 � 0.39 < 0.05

Gingivitis 2.64 � 0.15

Periodontitis 7.15 � 0.89

GI Healthy 0.26 � 0.04 < 0.016

Gingivitis 2.45 � 0.21

Periodontitis 2.58 � 0.24

PI Healthy 0.49 � 0.09 < 0.016

Gingivitis 1.57 � 0.30

Periodontitis 2.30 � 0.34

GCF volume (lL) Healthy 0.34 � 0.08 < 0.05

Gingivitis 0.68 � 0.08

Periodontitis 0.87 � 0.13

CAL, clinical attachment level; GCF, gingival crevicular fluid; GI, gingival index; PI, pla-

que index; PPD, probing pocket depth.Data are expressed as mean � SD.

Welch/Tamhane’s T2.

Kruskal–Wallis/Bonferroni-adjusted Mann–Whitney U.

Bonferroni correction a = 0.05/3 = 0.0166666666666667.

*Significant difference between groups.

Periostin levels in periodontal disease 709
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antibody and enzyme-conjugated avi-

din exhibited a change in color. The

enzyme–substrate reaction was termi-

nated by addition of sulfuric acid

solution and the color change was

measured spectrophotometrically at a

wavelength of 450 nm. Then, the

periostin levels in the samples were

determined by comparing the optic

density of the samples to the standard

curve. The total periostin levels were

measured in gingival crevicular fluid

samples that were collected for 30 s.

The concentrations of periostin in gin-

gival crevicular fluid were calculated

by dividing total periostin by gingival

crevicular fluid volume.

The mean interassay coefficient of

variation (CV) % and intra-assay CV

% for periostin were 12% and 10%,

respectively. The samples showing the

highest concentrations were diluted

and measured in duplicate. All assays

were conducted according to the man-

ufacturer’s instructions.

Statistical analysis

Statistical analysis was performed

using a commercially available soft-

ware (SPSS 15.0; SPSS Inc., Chicago,

IL, USA). The Shapiro–Wilk test was

used to investigate whether the data

were normally distributed. When

equal variances were assumed in

serum periostin concentration, vari-

ables were compared using one-way

analysis of variance (ANOVA). When

equal variances were not assumed,

variables were compared by means of

the Welch and Tamhane’s T2 post-

hoc tests for total gingival crevicular

fluid periostin levels, gingival crevicu-

lar fluid volume, PPD and clinical

attachment level. Comparisons of the

concentration of periostin in gingival

crevicular fluid, age, GI and PI were

analyzed using the Kruskal–Wallis

non-parametric test followed by post-

hoc group comparisons with the Bon-

ferroni-adjusted Mann–Whitney U

test. The Spearman’s rank correlation

test was also used to detect the rela-

tionship between gingival crevicular

fluid and serum periostin with GI

and clinical attachment level.

p < 0.05 was considered statistically

significant.

Results

All gingival crevicular fluid and serum

samples showed the presence of perio-

stin. The values of total amount and

concentration of periostin in gingival

crevicular fluid and serum periostin

concentration are summarized in

Table 2. Levels of total periostin in

gingival crevicular fluid were signifi-

cantly lower in the gingivitis and

chronic periodontitis groups than in

the healthy controls (p < 0.05). Total

gingival crevicular fluid periostin lev-

els were significantly lower in patients

with chronic periodontitis than in

those having gingivitis (p < 0.05).

There was no significant difference in

serum periostin concentration across

all groups (p > 0.05). The concentra-

tion of periostin in gingival crevicular

fluid significantly decreased with the

progression and severity of disease

from healthy control to gingivitis to

chronic periodontitis groups

(p < 0.05).

The correlation coefficients are

shown in Table 3. A statistically sig-

nificant positive correlation was found

between total amount, concentration

in gingival crevicular fluid and serum

periostin concentration in all groups

(p < 0.05). Total amount and concen-

tration of periostin negatively corre-

lated with GI in the periodontal

disease group (p < 0.05). When all

clinical groups were examined

together, statistically significant nega-

tive correlations were found between

periostin concentration and clinical

attachment level, total periostin and

GI, and periostin concentration and

GI; positive correlations were found

between total periostin and periostin

concentration, and total periostin and

clinical attachment level (p < 0.05).

Discussion

In the present study, gingival cre-

vicular fluid (total amount and

concentration) and serum periostin

concentration were investigated in

individuals with clinically healthy peri-

odontium and in patients with gingivi-

tis and chronic periodontitis. To the

best of our knowledge, this is the first

clinical study examining the relation-

ship between periostin levels and peri-

odontal disease.

In this study, the influence of the

age of the individuals on periostin lev-

els was minimized by selecting their

age range as 25–48 years. Further-

more, this study consisted of three

groups, including healthy control, gin-

givitis group and periodontitis group

to evaluate the potential effect of peri-

odontal disease progression on perio-

stin levels. The gingival crevicular

fluid was sampled with filter paper

strips using the intracrevicular method

(25). The advantages of this technique

are that it is quick and easy to use,

can be applied to individual sites and

is possibly the least traumatic when

Table 2. Total GCF periostin, GCF periostin concentration and serum periostin concen-

tration in the study population

Parameters Group Mean � SD p Value

Total GCF periostin (pg)* Healthy 113.00 � 36.41 < 0.05

Gingivitis 72.32 � 20.92

Periodontitis 43.10 � 8.24

GCF periostin concentration

[mean rank] (pg/lL)*
Healthy 346.93 � 118.22 [70.50] < 0.016

Gingivitis 108.86 � 34.88 [44.10]

Periodontitis 51.64 � 15.99 [16.90]

Serum periostin (pg/mL) Healthy 7213.55 � 2178.50 0.792

Gingivitis 7726.61 � 2510.02

Periodontitis 8104.71 � 2293.02

GCF, gingival crevicular fluid.Data are expressed as mean � SD.

Welch/Tamhane’s T2.

Kruskal–Wallis/Bonferroni-adjusted Mann–Whitney U.

One-way ANOVA.

Bonferroni correction a = 0.05/3 = 0.0166666666666667.

*Significant difference between groups.

710 Balli et al.
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correctly used (25). Data presented as

the total amount of a constituent in

gingival crevicular fluid instead of its

concentration are more appropriate

when examining the relationship

between gingival crevicular fluid con-

stituents and periodontal diseases (27–
29). Increasing volumes in diseased

sites would dilute the concentration of

the gingival crevicular fluid constitu-

ent when it is primarily locally

secreted in gingival crevicular fluid

(25,27). Moreover, the volume of gin-

gival crevicular fluid by which concen-

tration is directly affected is a

dependent variance; hence, data pre-

sented as concentration become a

dependent variable in the quantifica-

tion of a constituent of the gingival

crevicular fluid (27). Therefore, the

reporting of amounts of total biomar-

kers per sampling time in gingival cre-

vicular fluid may be a better, valid

and reliable indicator for diagnostic

purposes. However, in the present

study, results were evaluated in both

total amount and concentration

because of their compatibility with

each other.

As it was lower in the gingival cre-

vicular fluid from patients with

chronic periodontitis than in patients

with gingivitis or from healthy con-

trols, the level of total periostin in gin-

gival crevicular fluid decreased with

the severity of the periodontal disease

or with the degree of inflammation.

The increase in the clinical attachment

level and the high GI score are clinical

indicators of disease progression or

periodontal severity and gingival

inflammation from healthy to gingivi-

tis to periodontitis (23,24). Accord-

ingly, a significant difference in the

concentration of periostin in gingival

crevicular fluid was found between

healthy controls and disease groups.

Periostin is highly expressed in colla-

gen-rich connective tissues (30). There-

fore, as expected, we observed that the

degree of inflammation and tissue

damage affected the periostin levels in

gingival crevicular fluid strongly and

negatively. However, there was no sig-

nificant difference in serum periostin

concentration among all groups.

Decreased level of periostin in gingival

crevicular fluid in the diseased groups

might suggest that this novel molecule

takes part in maintaining normal peri-

odontal tissue function. Therefore,

periodontal disease, which is a low-

grade local infection, may not affect

serum periostin concentration.

Periostin is preferentially and highly

expressed in the periosteum during

embryogenesis and bone formation

(15). In addition, in adults, its expres-

sion increases after fracture and

mechanical pressure, including tooth

movement and tooth eruption in the

periosteum and PDL (16,31,32). Perio-

stin is predominantly expressed in

odontoblast and ameloblast cell lay-

ers. Periostin null mice displayed

deformed and irregular enamel and

dentin structure (33). In another study

conducted on periostin null mice, the

cementoblasts failed to attach to the

root surface, thereby compromising

the attachment apparatus (16). Severe

alveolar bone loss, attachment loss,

external root resorption, widening of

the PDL and lack of PDL fiber

organization developed after tooth

eruption (16,17). In a recent report,

TGF-b1 induced the production of

periostin in human gingival fibroblasts

(34). Tumor necrosis factor-a (TNF-a)
strongly inhibited periostin expression

in fibroblasts under TGF-b1 stimulus;

this effect, however, was not seen

without TGF-b1 stimulation (34).

Conversely, periostin production was

suppressed by TNF-a in gingival

fibroblasts and PDL cells (35).

Although periostin expression was

increased by stimulation with interleu-

kin (IL)-4 and -13, Porphyromonas

gingivalis lipopolysaccharide did not

have any stimulatory effect on perio-

stin levels. Moreover, periostin has

been reported to have limited stimula-

tory effects on IL-6 and -8 and mono-

cyte chemotactic protein 1 (35).

Only one animal study has explored

the role of periostin in experimental

periodontitis or periodontitis-induced

bone loss (20). Periodontal tissues in

rats were harvested at baseline, 2 and

4 wk after experimental periodontitis

induction. Similar to our biochemical

findings, periostin levels proportion-

ally decreased over time in response

Table 3. The Spearman’s rank correlation (r) among groups with respect to GCF, serum, CAL and GI

TA-P to CO-P

TA-P to

serum

CO-P to

serum TA-P to CAL CO-P to CAL Serum to CAL TA-P to GI CO-P to GI Serum to GI

Group 1 (healthy)

r 0.697* 0.602* 0.549* �0.077 �0.268 �0.199 �0.434 �0.580* �0.454*

p 0.001* 0.005* 0.012* 0.747 0.253 0.401 0.056 0.007* 0.044*

Group 2 (gingivitis)

r 0.921* 0.484* 0.543* �0.119 �0.128 �0.238 �0.631* �0.504* �0.346

p 0.000* 0.007* 0.002* 0.532 0.500 0.205 0.000* 0.005* 0.061

Group 3 (periodontitis)

r 0.915* 0.541* 0.446* �0.680* �0.712* �0.463* �0.430* �0.460* �0.451*

p 0.000* 0.002* 0.014* 0.000* 0.000* 0.010* 0.018* 0.010* 0.012*

All groups

r 0.955* 0.186 0.088 0.841* �0.907* 0.015 �0.779* �0.807* �0.133

p 0.000* 0.098 0.439 0.000* 0.000* 0.897 0.000* 0.000* 0.241

CAL, clinical attachment level; CO-P, concentration of periostin in gingival crevicular fluid; GCF, gingival crevicular fluid; GI, gingival

index; TA-P, total amount of periostin in gingival crevicular fluid.

*Statistically significant (p < 0.05).
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to the inflammatory process (20). It

was also reported that alveolar bone

loss inversely correlated with the lev-

els of periostin. In the present study,

levels of periostin in gingival crevicu-

lar fluid were negatively correlated

with the clinical attachment level and

GI. Periostin level is decreased by

TNF-a and P. gingivalis lipopolysac-

charides in PDL fibroblasts (36),

which agrees with our finding that

periostin is negatively influenced by

inflammatory processes.

In this study, periostin, which has a

critical role on PDL cell survival,

decreased under periodontal inflam-

mation. The reduction of periostin

levels directly affects repair and for-

mation potential of the periodontal

tissue (9,16,17,34). In addition to

being an inflammatory marker for

periodontal disease, our findings may

put forward the idea that increasing

periostin levels or preventing periostin

reduction may result in faster tissue

repair and more attachment gain.

The potential limitation of our

study is the lack of periostin level

results after periodontal treatment.

This could be important to under-

stand the role of periostin in the peri-

odontal healing process.

Conclusion

The results of the present study show

the presence of periostin in gingival

crevicular fluid. Periostin levels in gin-

gival crevicular fluid were gradually

decreased with the progression and

severity of periodontal disease. The

present study also showed that perio-

stin is associated with periodontal dis-

eases.

When the results in the present

study are considered in conjunction

with those of previous reports, it

might be concluded that the periostin

level in gingival crevicular fluid can

be considered as a reliable marker in

the evaluation of periodontal disease

susceptibility and activity.

Conflict of interest

The authors declare that they have no

financial relationships related to any

products involved in this study.

References

1. Benatti BB, Silv�erio KG, Casati MZ,

Sallum EA, Nociti FH Jr. Physiological

features of periodontal regeneration and

approaches for periodontal tissue engi-

neering utilizing periodontal ligament

cells. J Biosci Bioeng 2007;103:1–6.
2. Mariotti A. Dental plaque-induced gingi-

val diseases. Ann Periodontol 1999;4:7–
19.

3. Giannobile WV. Host-response therapeu-

tics for periodontal diseases. J Periodon-

tol 2008;79:1592–1600.
4. Lindhe J, Karring T, Ara�ujo M. The

anatomy of periodontal tissues. In: Lind-

he J, Lang NP, Karring T, eds. Clinical

Periodontology and Implant Dentistry,

Vol. 5. Oxford: Blackwell Publishing,

2008:27–31.
5. Beertsen W, McCulloch CA, Sodek J.

The periodontal ligament: a unique, mul-

tifunctional connective tissue. Periodontol

2000 1997;13:20–40.
6. Seo BM, Miura M, Gronthos S et al.

Investigation of multipotent postnatal

stem cells from human periodontal liga-

ment. Lancet 2004;364:149–155.
7. Bartold PM, McCulloch CA, Narayanan

AS, Pitaru S. Tissue engineering: a new

paradigm for periodontal regeneration

based on molecular and cell biology. Pe-

riodontol 2000 2000;24:253–269.
8. Takeshita S, Kikuno R, Tezuka K,

Amann E. Osteoblast-specific factor 2:

cloning of a putative bone adhesion pro-

tein with homology with the insect

protein fasciclin I. Biochem J 1993;294:

271–278.
9. Horiuchi K, Amizuka N, Takeshita S

et al. Identification and characterization

of a novel protein, periostin, with

restricted expression to periosteum and

periodontal ligament and increased

expression by transforming growth factor

beta. J Bone Miner Res 1999;14:1239–
1249.

10. Kii I, Amizuka N, Minqi L, Kitajima S,

Saga Y, Kudo A. Periostin is an extracel-

lular matrix protein required for eruption

of incisors in mice. Biochem Biophys Res

Commun 2006;342:766–772.
11. Takayama G, Arima K, Kanaji T et al.

Periostin: a novel component of subepi-

thelial fibrosis of bronchial asthma

downstream of IL-4 and IL-13 signals. J

Allergy Clin Immunol 2006;118:98–104.
12. Maruhashi T, Kii I, Saito M, Kudo A.

Interaction between periostin and BMP-1

promotes proteolytic activation of lysyl

oxidase. J Biol Chem 2010;285:13294–
13303.

13. Ji X, Chen D, Xu C, Harris SE, Mundy

GR, Yoneda T. Patterns of gene expres-

sion associated with BMP-2-induced

osteoblast and adipocyte differentiation

of mesenchymal progenitor cell 3T3-

F442A. J Bone Miner Metab

2000;18:132–139.
14. Gillan L, Matei D, Fishman DA, Gerbin

CS, Karlan BY, Chang DD. Periostin

secreted by epithelial ovarian carcinoma

is a ligand for alpha(V)beta(3) and alpha

(V)beta(5) integrins and promotes cell

motility. Cancer Res 2002;62:5358–5364.
15. Merle B, Garnero P. The multiple facets

of periostin in bone metabolism. Osteo-

poros Int 2012;23:1199–1212.
16. Rios HF, Ma D, Xie Y et al. Periostin is

essential for the integrity and function of

the periodontal ligament during occlusal

loading in mice. J Periodontol

2008;79:1480–1490.
17. Rios H, Koushik SV, Wang H et al.

Periostin null mice exhibit dwarfism, inci-

sor enamel defects, and an early-onset

periodontal disease-like phenotype. Mol

Cell Biol 2005;25:11131–11144.
18. Aukkarasongsup P, Haruyama N, Mat-

sumoto T, Shiga M, Moriyama K. Perio-

stin inhibits hypoxia-induced apoptosis

in human periodontal ligament cells via

TGF-b signaling. Biochem Biophys Res

Commun 2013;441:126–132.
19. Padial-Molina M, Volk SL, Rios HF.

Periostin increases migration and prolif-

eration of human periodontal ligament

fibroblasts challenged by tumor necrosis

factor-a and Porphyromonas gingivalis

lipopolysaccharides. J Periodontal Res

2014;49:405–414.
20. Padial-Molina M, Volk SL, Taut AD,

Giannobile WV, Rios HF. Periostin is

down-regulated during periodontal

inflammation. J Dent Res 2012;91:1078–
1084.

21. Schwarz F, Bieling K, Latz T, Nuesry E,

Becker J. Healing of intrabony peri-im-

plantitis defects following application of

a nanocrystalline hydroxyapatite (Ostim)

or a bovine-derived xenograft (Bio-Oss)

in combination with a collagen mem-

brane (Bio-Gide). A case series. J Clin

Periodontol 2006;33:491–499.
22. Silness J, L€oe H. Periodontal disease in

pregnancy. II. Correlation between oral

hygiene and periodontal condition. Acta

Odontol Scand 1964;22:121–135.
23. L€oe H, Silness J. Periodontal disease in

pregnancy. I. Prevalence and severity.

Acta Odontol Scand 1963;21:533–551.
24. Pradeep AR, Raghavendra NM, Prasad

MV, Kathariya R, Patel SP, Sharma A.

Gingival crevicular fluid and serum visfa-

tin concentration: their relationship in

periodontal health and disease. J Period-

ontol 2011;82:1314–1319.
25. Griffiths GS. Formation, collection and

significance of gingival crevice fluid. Peri-

odontol 2000 2003;31:32–42.
26. Curtis MA, Griffiths GS, Price SJ, Coult-

hurst SK, Johnson NW. The total

712 Balli et al.

 16000765, 2015, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12254 by B

ezm
-I A

lem
 V

akif U
niversity, W

iley O
nline L

ibrary on [19/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



protein concentration of gingival crevicu-

lar fluid. Variation with sampling time

and gingival inflammation. J Clin Period-

ontol 1988;15:628–632.
27. Lin SJ, Chen YL, Kuo MY, Li CL, Lu

HK. Measurement of gp130 cytokines

oncostatin M and IL-6 in gingival crevic-

ular fluid of patients with chronic peri-

odontitis. Cytokine 2005;30:160–167.
28. Lamster IB, Oshrain RL, Fiorello LA,

Celenti RS, Gordon JM. A comparison

of 4 methods of data presentation for

lysosomal enzyme activity in gingival cre-

vicular fluid. J Clin Periodontol

1988;15:347–352.
29. Nakashima K, Roehrich N, Cimasoni G.

Osteocalcin, prostaglandin E2 and

alkaline phosphatase in gingival crevicu-

lar fluid: their relations to periodontal

status. J Clin Periodontol 1994;21:327–
333.

30. Norris RA, Damon B, Mironov V et al.

Periostin regulates collagen fibrillogenesis

and the biomechanical properties of con-

nective tissues. J Cell Biochem

2007;101:695–711.
31. Hamilton DW. Functional role of perio-

stin in development and wound repair:

implications for connective tissue disease.

J Cell Commun Signal 2008;2:9–17.
32. Hakuno D, Kimura N, Yoshioka M

et al. Periostin advances atherosclerotic

and rheumatic cardiac valve degeneration

by inducing angiogenesis and MMP pro-

duction in humans and rodents. J Clin

Invest 2010;120:2292–2306.
33. Ma D, Zhang R, Sun Y et al. A novel

role of periostin in postnatal tooth for-

mation and mineralization. J Biol Chem

2011;286:4302–4309.
34. Arancibia R, Oyarz�un A, Silva D, Tobar

N, Mart�ınez J, Smith PC. Tumor necrosis

factor-a inhibits transforming growth

factor-b-stimulated myofibroblastic differ-

entiation and extracellular matrix produc-

tion in human gingival fibroblasts.

J Periodontol 2013;84:683–693.
35. Nakajima M, Honda T, Miyauchi S,

Yamazaki K. Th2 cytokines efficiently

stimulate periostin production in gingival

fibroblasts but periostin does not induce

an inflammatory response in gingival epi-

thelial cells. Arch Oral Biol 2014;59:

93–101.
36. Padial-Molina M, Volk SL, Rodriguez

JC, Marchesan JT, Galindo-Moreno P,

Rios HF. Tumor necrosis factor-a and

Porphyromonas gingivalis lipopolysac-

charides decrease periostin in human

periodontal ligament fibroblasts. J Peri-

odontol 2013;84:694–703.

Periostin levels in periodontal disease 713

 16000765, 2015, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12254 by B

ezm
-I A

lem
 V

akif U
niversity, W

iley O
nline L

ibrary on [19/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


