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Introduction

Chronic periodontitis is an inflammatory disease which is 
characterized by a progressive gingival inflammatory response 
to bacterial dental plaque. It leads to clinical attachment loss, 
pocket formation, alveolar bone loss, increased tooth mobility, 
and finally the tooth loss.[1] This condition is characterized 
by increased secretion of inflammatory mediators such as 
cytokines and chemokines in the periodontal environment.[2]

Saliva can also reveal the systemic health as well as the oral 
health to some extent. Whole saliva may also show the presence 
of periodontal disease and evidence indicates that the level 
of some cytokines increases in the saliva of patients with 
periodontitis. Assessment of the composition of saliva may 
provide valuable information about biochemical markers for the 
assessment of periodontal diseases.[1] Periostin is a hemophilic, 
secretory protein from the fasciclin I family. It influences cell 
matrix interactions, cell functions, tissue remodeling, wound 
repair, and type  I collagen fibrillogenesis in periodontal 
ligament (PDL). It is induced by Transforming growth factor-β 
(TGF-β) and modulates matrix-cell interactions relevant to 
connective tissue repair.[2] Periostin serves as a necessary 
protein for the integrity, development, and maturity of the tissue 
and it is believed to play a key role in balancing and regulating 
homeostasis of the PDL. Expression of periostin is induced 

by the tumor growth factor (TGF)-β and bone morphogenetic 
protein-2 (BMP). It regulates collagen I fibrillogenesis in PDL 
and reinforces the cross-linking of collagen which improves 
the mechanical properties of connective tissue of PDL.[1] 

Periostin is an extracellular matrix (ECM) protein belonging 
to the fasciclin family.[3] It plays a supporting role in cell 
adhesion, proliferation, survival, and fibrillogenesis in all 
four components of the periodontium, namely, the PDL, bone, 
cementum, and gingiva.[13-17]

History

Periostin was named in 1999 as a newly discovered factor for 
matricellular proteins.[6,18] Periostin is a 90  kDa glutamate-
containing secreted matricellular protein. It has 811 amino 
acids with EMI domain at one end of the chain followed by 
4 FAS-1 domains and a carboxyl-terminal domain (Figure 1). 
There is a C-terminal sequence at the other end of the 
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chain.[15,16] It was first identified in the mouse osteoblastic cell 
line MC3T3-E1 and initially named osteoblast-specific factor 
2 belong to fasciclin-1 family.

Its name is derived from periosteum and PDL, Periostin is 
preferentially expressed in collagen-rich fibrous connective 
tissues subjected to constant mechanical stress such as the 
periosteum, PDLs, tendons, heart valves, and skin. Periostin 
may be involved in tissue remodeling by promotion of adhesion, 
cellular differentiation, cell survival, and fibrogenesis.

The periodontium is a specialized tissue that surrounds 
and also supports teeth, maintaining them in the maxillary 
and mandibular bones. It provides the support necessary to 
maintain the function of teeth.

Properties of periostin protein
Periodontium consists of four principal components: Gingiva, 
PDL, cementum, and alveolar bone. By definition, periodontal 
tissue engineering/regeneration must achieve regeneration of 
all tooth-supporting structures, including the alveolar bone, 
cementum, and PDL, and adequate sealing by the gingival 
tissue.[13] Periostin is primarily an inducer of fibrillogenesis and 
acts by stimulating type I collagen production and cross-linking 
to generate a tight structure.[7] It is a fetal protein present in 
the cervical loop and dental follicle of incisor and molar teeth 
in cap stage and bell stage, which disappears before tooth 
eruption. The active role of periostin in tissue regeneration and 
its potential role in the proliferation of fetal cells related to tooth 
structure further highlight its significance in morphogenesis 
and development of bone and periodontal tissue.[14, 19-22]

Periostin has two main functions namely intracellular fibrillogenesis 
and extracellular migration.[23-26] By definition, periodontal tissue 
engineering/regeneration must achieve the regeneration of all 
tooth-supporting structures, supporting the reproduction of 
alveolar bone, cementum, and PDL, and ensuring adequate sealing 
by gingival tissue.[13] As periostin is abundantly expressed in the 
PDL, it may become a potential stock in promoting periodontal 
tissue regeneration. Its expression is downregulated in human 
PDL fibroblasts when exposed to tumor necrosis factor alpha and 
Porphyromonas gingivalis lipopolysaccharide both of which are 
present abundantly in periodontitis.[7]

Structure of periostin
The periostin protein consists of a signal sequence followed by 
an EMILIN-like (EMI) domain rich in cysteine, four repeated 

and conserved fasciclin-1 (Fas-1) domains, and a C-terminal 
hydrophilic and variable domain including with other ECM 
proteins such as collagens, fibronectin (FN), tenascin C, or 
heparin-binding site. Periostin is classified as a member of the 
fasciclin 1 family by possessing these typical Fas-1domains, 
which involved in cell adhesion functions.[4, 26-28]

Each Fas-1 domain, rich in glutamate residues, has an 
N-terminal recognition site for γ-glutamyl carboxylase. It also 
contains a cell adhesion site that interacts with tenascin-C and 
BMP-1.[2,5] In addition, the N-terminal site could recognize 
the vitamin K-dependent γ-glutamyl carboxylase, to modify 
glutamic residues to γ-carboxyglutamate post-translationally.[8] 
Hence, Gla-containing proteins play important roles in the 
regulation of coagulation cascade and bone homeostasis.[29,30]

The EMI domain at the N-terminus is a cysteine residue-rich 
site for protein–protein interactions through which periostin 
directly interacts with type-I collagen and FN.[9,10] The 
C-terminal domain could alternatively split to generate at least 
five different human isoforms.[11]

Functions of periostin
The multiple functions of periostin in dental tissues Figures 
4 and 5:
1.	 Periodontal tissue regeneration: (a) Leading wound 

healing (b) increase in cell function
2.	 PDL: (a) collagen structure (b) ECM structure
3.	 Dental tissue development: (a) Fetal protein
4.	 Mechanical loading: (a) Mechano-sensory bone and 

collagen remodeling: The PDL is involved in transmission 
of forces resulting from mastication. Mechanical 
strain activates latent TGF-b1, a known prerequisite 
for upregulation of certain pro-adhesive and matrix 
remodeling genes in fibroblasts.[12,23]

TGF-b1 is also required for matrix contraction. It, in turn, 
increases periostin mRNA levels in murine PDL fibroblasts. 
TGF-b regulates periostin expression not only through 
activation of the TGF-b receptors but also through the FAK-src 
signaling pathway, leading to translocation of twist-1 to the 
nucleus, and subsequent periostin activation.[29,30]

It has also been seen that removal of mechanical forces or 
strain inhibited expression of periostin and twist mRNA in 
the PDL (Afanador et al., 2005). Thus, periostin is essential 
for maintaining the integrity of PDL fiber system in response 
to mechanical stress.[22,28] In a mechanically challenging 
environment, periostin-null mice showed tissue and cellular 
defects, and leading to a dramatic loss of periodontal support 
that, in turn, caused premature tooth loss or pathologic migration.

The cementoblasts also failed to attach to the root surface, 
thereby resulting in a compromised attachment apparatus. 
However, in the absence of a mechanically challenging 
environment (occlusal hypofunction) no periodontal defects 
developed. Decreasing the mechanical stress corrected the 
widened PDL and recruited cementoblasts to attach to the 
root surface.[25]

Figure 1: Periostin is a member of the fasciclin family
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POSTN is involved in several cellular and extracellular 
functions resulting in stimulation of bone formation during 
development, response to mechanical stress, or bone fracture. 
Overexpressed in tumors, POSTN may be a potential marker 
of bone metastasis.

POSTN binds FN through its EMI domain and to BMP-1 
through its FAS-1 domain, promoting the deposition of BMP-1 
into the matrix. BMP-1 activates LOX precursor (pro-LOX) 
to mature active form (LOX).[31-39]

Role of Periostin in Gingival Crevicular Fluid 
(GCF), Serum and Saliva

Inflammatory responses to bacteria can initiate the destructive 
process of periodontitis, leading to both a loss of connective 
tissue and alveolar bone around teeth and an apical shift of the 
junctional epithelium. Untreated periodontitis results in loss 
of function, tissue destruction, loosening, and and subsequent 
loss of teeth.[40] The preferential ten expression of periostin in 
collagen-rich tissues submitted to mechanical strains, such 
as the PDL, and its increase during fracture healing, suggest 
that it might play a critical role in periodontium maintenance 
and regeneration. Periostin has successfully been used as a 
periodontal regeneration marker.[41,42]

GCF
Padial-Molina et al. in [43] designed a case–control study to 
determine the expression profile of periostin that facilities 
wound stability and maturation. Periostin increased after 
periodontal surgery in GCF/wound fluid, which is higher in 
periodontitis patients. The decline of chronic inflammatory 
stimuli and bacterial challenge caused by the periodontal 
surgical procedure could potentially explain the periostin 
increment. Moreover, the expression levels of periostin in 
GCF/wound fluid moderated to baseline levels as the wound 
matured, possibly resulting from an increase in periostin 
deposits in the ECM as the collagen structure matures.[43] 
Kumaresan et al., in 2016, evaluated the level of periostin in 
GCF of healthy individuals and chronic periodontitis patients 
who underwent non-surgical periodontal therapy. They showed 
the level of periostin in the GCF of these can serve as a possible 
biomarker for the assessment of treatment outcome.[5]

Saliva
The periostin may be considered as an inflammatory marker in 
periodontal disease based on the significant relationship between 
the level of periostin in saliva of chronic periodontitis patients 
and healthy controls. Eshahrood et al. in 2018 conducted the 
study to compare the concentration of periostin in the saliva 
of patient with chronic periodontitis and healthy controls in 
this cross-sectional study. The study showed that periostin was 
detectable in all samples but its level in saliva of patients with 
periodontitis was significantly lower than healthy controls.

Periostin in periodontium
The PDL, which lies between the tooth and alveolar bone, is 
important for many functions such as proprioception, tooth 

support, and tissue remodeling in response to physiological 
or pathological conditions. The PDL consists of cells 
(e.g.  fibroblasts, epithelial cells, mesenchymal cells, and 
bone and cementum cells) and extracellular compartments 
of dense fibrous connective tissue that confers resistance 
against mechanical stress. The extracellular compartments are 
formed of type I, III, and V collagen fibers, FN, and tenascin-C 
embedded in the intercellular substance Figure 3. It is important 
for bone and PDL to maintain the local histological architectures 
and the integrity of the ECM, and several ECM-associated 
proteins could play pivotal parts in regulating cell proliferation, 
adhesion, migration, differentiation, survival, etc.[30] Periostin is 
crucial to maintain the integrity of the PDL. Periostin null mice 
develop an early onset periodontal disease-like phenotype.[19]

Periostin is a secreted ECM protein that was originally 
identified in cells from the mesenchymal lineage (osteoblasts, 
osteoblast-derived cells, the PDL, and periosteum).[20,27] It is 
involved in collagen assembly. Collagen cross-linking is a 
natural process essential to provide stability to collagen-rich 
connective tissues. In this process, the two key elements are 
BMP-1 and lysyl oxidase (LOX). Briefly, BMP-1 cleavages 
the inactive form of LOX to produce the active LOX enzyme, 
which, in turn, catalyzes the covalent cross-linking of collagen 
molecules Figure 2. Interestingly, POSTN binds BMP-1 and 
collagen I through its FAS1 domains and N-terminal EMI 
domain, respectively, and thus act as a key player in this 
process, serving as a scaffold for BMP-1 and collagens to 
accelerate collagen cross-linking.[26,32]

The importance of POSTN in collagen cross-linking is also 
supported by POSTN knockout animal models Figure 6. Thus, 
POSTN null mice exhibit aberrant collagen fibrillogenesis 
in the periosteum and a decrease in collagen cross-linking 
observed in skin, tendons, and heart.[33]

66 Journal of Research and Advancement in Dentistry  ¦  Volume 12  ¦  Issue 4  ¦  Jul-Aug 2021

Figure 2: Properties of periostin protein. Periostin is a 90-kDa secreted 
protein

Figure 3: Structure of periostin
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Periostin actions have been classified into two major functional 
categories by Kudo in regard of their molecular properties 
of protein interactions. First is fibrillogenesis, which occurs 
inside the cell. And another is cell migration, which including 
the extracellular action outside the cells.[36,37] Through its EMI 

domain, periostin could interact directly with type I collagen,[35] 
FN,[34] and Notch1,[37] as well as with tenascin-C and BMP-1[38] 
through the Fas-1 domain. These functions fulfill periostin to 
promote proteolytic activation of lysyl oxidase for collagen 
crosslinking. Periostin also acts as a ligand of integrins αvβ3 
and αvβ5 to facilitate cell motility by activation of actin/
myosin contractile machinery.[39]

Conclusion

 Periostin holds promise as a reliable inflammatory biomarker 
for diagnosis and to evaluate the outcome following therapeutic 
interventions. There is a significant relationship between the 
level of periostin in saliva and chronic periodontitis. Periostin 
levels in saliva may be considered as a promising diagnostic 
potential in periodontal disease.

Conflicts of Interest

The authors declare they have no potential conflict of interests 
regarding this article.

References
1.	 Eshahrood ZR, Vardian ST, Yadegari Z, Admin M, Saravi NS. Periostin 

levels in saliva of patients with chronic periodontitis. J  Ind Soc 
Periodontol 2018;22:25-7.

2.	 Kumaresan D, Balasundaram A, Naik KV, Appukuttun DP. Gingival 
crevicular fluid periostin levels in chronic periodontitis patients 
following nonsurgical periodontal treatment with low level lasertherapy. 
Eur J Dent 2016;10:546-50.

3.	 Conway SJ, Izuhara K, Kudo Y, Litvin J, Markwald R, Ouyang G, et al. 
The role of periostinin tissue remodeling across health and disease. Cell 
Mol Life Sci 2014;71:1279-88.

4.	 Kim JE, Kim SJ, Lee BH, Park RW, Kim KS, Kim IS. Identification 
of motifs for cell adhesion within the repeated domains of 
transforming growth factor-beta-induced gene, betaig-h3. J Biol Chem 
2000;275:30907-15.

5.	 Kii I, Nishiyama T, Li M, Matsumoto K, Saito M, Amizuka N, et al. 
Incorporation of tenascin-C into the extracellularmatrix by periostin 
underlies an extracellular meshwork architecture. J  Biol Chem 
2010;285:2028-39.

6.	 Horiuchi K, Amizuka N, Takeshita S, Takamatsu H, Katsuura M, Ozawa 
H, 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 β. J  Bone Miner 
Res 1999;14:1239-49.

7.	 Kudo A. Periostin in fibrillogenesis for tissue regeneration: periostin 
actions inside and outside the cell. Cell Mol Life Sci 2011;68:3201-7.

8.	 Coutu DL, Wu JH, Monette A, Rivard GE, Blostein MD, Galipeau 
J. Periostin, a member of a novel family of Vitamin K-dependent 
proteins, is expressed by mesenchymal stromal cells. J  Biol Chem 
2008;283:17991-8001.

9.	 Kii I, Nishiyama T, Kudo A. periostin promotes secretion of fibronectin 
from the endoplasmic reticulum. Biochem BiophysRes Commun 
2016;470:888-93.

10.	 Norris RA, Damon B, Mironov V, Kasyanov V, Ramamurthi A, 
Moreno-Rodriguez R, et al. Periostin regulates collagen fibrillogenesis 
and the biomechanical properties of connective tissues. J Cell Biochem 
2007;101:695-711.

11.	 Hoersch S, Andrade-Navarro MA. Periostin shows increased 
evolutionary plasticity in its alternatively spliced region. BMC Evol 
Biol 2010;30;1427-32.

12.	 Takeshita S, Kikuno R, Tezuka K, Amann E. Osteoblast-specific factor 
2: Cloning of a putative bone adhesion protein with homology with the 

67Journal of Research and Advancement in Dentistry  ¦  Volume 12  ¦  Issue 4  ¦  Jul-Aug 2021

Figure 4: Multiple function of periostin

Figure 6: Periostin is a key regulator of collagen cross-linking

Figure 5: Putative functions of periostin in bone



Padalkar PS, et al. Periostin in periodontal health and disease

insect protein fasciclin I. Biochem J 1993;294:271-8.
13.	 Padial-Molina M, Marchesan JT, Taut AD, Jin Q, Giannobile WV, 

Rios HF. Methods to validate tooth-supporting regenerative therapies. 
Methods Mol Biol 2012;887:135-48.

14.	 Kruzynska-Frejtag A, Wang J, Maeda M, Rogers R, Krug E, Hoffman S, 
et al. Periostin is expressed within the developing teeth at the sites of 
epithelial-mesenchymal interaction. Dev Dyn 2004;229:857-68.

15.	 Ben QW, Zhao Z, Ge SF, Zhou J, Yuan F, Yuan YZ. Circulating levels 
of periostin may help identify patients with more aggressive colorectal 
cancer. Int J Oncol 2009;34:821-8.

16.	 Kudo A. Introductory review: Periostin gene and protein structure. Cell 
Mol Life Sci 2017;74:4259-68.

17.	 Tang Y, Liu L, Wang P, Chen D, Wu Z, Tang C. Periostin promotes 
migration and osteogenic differentiation of human periodontal ligament 
mesenchymal stem cells via the Jun amino-terminal kinases (JNK) 
pathway under inflammatory conditions. Cell Prolif 2017;12:369-72.

18.	 Du J, Li M. Functions of periostin in dental tissues and its role in 
periodontal tissues’ regeneration. Cell Mol Life Sci 2017;74:4279-86.

19.	 Rios H, Koushik SV, Wang H, Wang J, Zhou HM, Lindsley A, et al 
Periostin null mice exhibit dwarfism, incisorenamel defects, and 
an early-onset periodontal disease-like phenotype. Mol Cell Biol 
2005;25:11131-44.

20.	 Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-implant 
conditions. Int J Oral Maxillofac Implants 2004;19 Suppl:116-27.

21.	 Romanos GE, Asnani KP, Hingorani D, Deshmukh VL. Periostin: 
Role in formation and maintenance of dental tissues. J  Cell Physiol 
2014;229:1-5.

22.	 Jackson-Boeters L, Wen W, Hamilton DW. Periostin localizes to cells 
in normal skin, but is associated with the extracellular matrix during 
wound repair. J Cell Commun Signal 2009;3:125-33.

23.	 Rangiani A, Jing Y, Ren Y, Yadav S, Taylor R, Feng JQ. Critical roles 
of periostin in the process of orthodontic tooth movement. Eur J Orthod 
2016;38:373-8.

24.	 Balli U, Keles ZP, Avci B, Guler S, Cetinkaya BO, Keles GC. Assessment 
of periostin levels in serum and gingival crevicular fluid of patients with 
periodontal disease. J Periodontal Res 2015;50:707-13.

25.	 Aral CA, Koseoglu S, Saglam M, Pekbagriyanik T, Savran L. Gingival 
Crevicular Fluid and Salivary Periostin Levels in Non-Smoker Subjects 
With Chronic and Aggressive Periodontitis : Periostin Levels in Chronic 
and Aggressive Periodontitis. Inflammation 2016;39:986-93.

26.	 Coli P, Christiaens V, Sennerby L, Bruyn H. Reliability of periodontal 
diagnostic tools for monitoring peri-implant health and disease. 
Periodontol 2000 2017;73:203-17.

27.	 Javed F, Al-Hezaimi K, Salameh Z, Almas K, Romanos GE. 
Proinflammatory cytokines in the crevicular fluid of patients with peri-
implantitis. Cytokine 2011;53:8-12.

28.	 Rios HF, Ma D, Xie Y, Giannobile WV, Bonewald LF, Conway SJ, 

et al. Periostin is essential for the integrity and function of the periodontal 
ligament during occlusal loading in mice. J Periodontol 2008;79:1480-90.

29.	 Oldenburg J, Marinova M, Muller-Reible C, Watzka M. The Vitamin K 
cycle. Vitam Horm 2008;78:35-62.

30.	 Merle B, Garnero P. The multiple facets of periostin in bone metabolism. 
Osteoporos Int 2012;23:1199-212.

31.	 Moussad EE, Brigstock DR. Connective tissue growth factor: What’s in 
a name? Mol Genet Metab 2000;71:276-92.

32.	 Maruhashi T. Interaction between periostin and BMP-1 promotes 
proteolytic activation of lysyl oxidase. J Biol Chem 2010;285:13294-303.

33.	 Canty EG, Kadler KE. Procollagen trafficking, processing and 
fibrillogenesis. J Cell Sci 2005;118:1341-53.

34.	 Kaklamanos EG, Tsalikis L. A review on peri-implant crevicular 
fluid assays potential in monitoring and predicting peri-implant tissue 
responses. J Int Acad Periodontol 2002;4:49-59.

35.	 Basegmez C, Yalcin S, Yalcin F, Ersanli S, Mijiritsky E. Evaluation 
of periimplant crevicular fluid prostaglandin E2 and matrix 
metalloproteinase-8 levels from health to periimplant disease status: A 
prospective study. Implant Dent 2012;21:306-10.

36.	 Guncu GN, Akman AC, Gunday S, Yamalik N, Berker E. Effect of 
inflammation on cytokine levels and bone remodelling markers in peri-
implant sulcus fluid: a preliminary report. Cytokine 2012;59:313-6.

37.	 Tanabe H, Takayama I, Nishiyama T, Shimazaki M, Kii I, Li M, 
et al. Periostin associates with Notch1 precursor to maintain Notch1 
expression under a stress condition in mouse cells. PLoS One 
2010;5:e12234.

38.	 Maruhashi T, Kii I, Saito M, Kudo A. Interaction between periostin and 
BMP-1 promotes proteolytic activation of lysyloxidase. J  Biol Chem 
2010;285:13294-303.

39.	 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. Can Res 2002;62:5358-64.

40.	 Savage A, Eaton KA, Moles DR, Needleman I. A systematic review of 
definitions of periodontitis and methods that have been used to identify 
this disease. J Clin Periodontol 2009;36:458-67.

41.	 Park CH, Rios HF, Jin Q, Sugai JV, Padial-Molina M, Taut AD, 
et al. Tissue engineering bone-ligament complexes using fiber-guiding 
scaffolds. Biomaterials 2012;33:137-45.

42.	 Panduwawala CP, Zhan X, Dissanayaka WL, Samaranayake LP, 
Jin  L, Zhang C. In vivo periodontal tissue regeneration by periodontal 
ligament stem cells and endothelial cells in three-dimensional cell sheet 
constructs. J Periodontal Res 2017;52:408-18.

43.	 Padial-Molina M, Volk SL, Rios HF. Preliminary insight into the 
periostin leverage during periodontal tissue healing. J Clin Periodontol 
2015;42:764-72.

68 Journal of Research and Advancement in Dentistry  ¦  Volume 12  ¦  Issue 4  ¦  Jul-Aug 2021


