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Background: Periostin is a matricellular protein highly expressed in periosteum, periodontal ligament and is essential for tissue integrity and
maturation. It plays a role in collagen fibrillogenesis and is downregulated in periodontal disease. The goal of periodontal regenerative therapy
is to predictably restore the tooth’s supporting periodontal tissues and form a new connective tissue attachment of periodontal ligament (PDL)
fibers and new alveolar bone. Periostin might play a pivotal part in regeneration of the PDL and alveolar bone following periodontal surgery.
Recently, several studies have suggested that periostin may be an important regulator of periodontal tissue formation by promoting collagen
fibrillogenesis and the migration of fibroblasts and osteoblasts. The aim of this article is to provide an extensive review of the implications of
periostin in periodontal tissue biology and its potential use in periodontal tissue regeneration.
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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."! This condition is characterized
by increased secretion of inflammatory mediators such as
cytokines and chemokines in the periodontal environment.?!

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.! 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-f3
(TGF-B) and modulates matrix-cell interactions relevant to
connective tissue repair.’) 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
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by the tumor growth factor (TGF)-8 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.!"
Periostin is an extracellular matrix (ECM) protein belonging
to the fasciclin family.! 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./*17

HisTory

Periostin was named in 1999 as a newly discovered factor for
matricellular proteins.[®!8] Periostin is a 90 kDa glutamate-
containing secreted matricellular protein. It has 8§11 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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Figure 1: Periostin is a member of the fasciclin family

chain.['>19 Tt 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.!"*] Periostin is primarily an inducer of fibrillogenesis and
acts by stimulating type I collagen production and cross-linking
to generate a tight structure.l’) 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.!'* 122

Periostin has two main functions namely intracellular fibrillogenesis
and extracellular migration.>2%! 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.'*] 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.”

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. 2628

Each Fas-1 domain, rich in glutamate residues, has an
N-terminal recognition site for y-glutamyl carboxylase. It also
contains a cell adhesion site that interacts with tenascin-C and
BMP-1.25! In addition, the N-terminal site could recognize
the vitamin K-dependent y-glutamyl carboxylase, to modify
glutamic residues to y-carboxyglutamate post-translationally.®
Hence, Gla-containing proteins play important roles in the
regulation of coagulation cascade and bone homeostasis.?*3%

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.[*!% The
C-terminal domain could alternatively split to generate at least
five different human isoforms.[']

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

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-bl, a known prerequisite
for upregulation of certain pro-adhesive and matrix
remodeling genes in fibroblasts.!'>?3!

hed

TGEF-bl 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.*3"

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.?>?®! 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.*
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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).B!-3%

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.*”) 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.[*!42!

GCF

Padial-Molina et al. in 1 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.**
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.”!

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, 111, 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.*% Periostin is
crucial to maintain the integrity of the PDL. Periostin null mice
develop an early onset periodontal disease-like phenotype.!'”!

Periostin is a secreted ECM protein that was originally
identified in cells from the mesenchymal lineage (osteoblasts,
osteoblast-derived cells, the PDL, and periosteum).l?*7 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. %

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.**!

A 90-kDa of TGFp-induced secreted protein

EMI domain: binds to type I collagen,
fibronectin and Notchl

Fasl domain: binds to enascin-C and BMP-1

C-terminal domain: splice variants and
proteolytic cleavage

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

Figure 3: Structure of periostin

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




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

Collagen Structure ECM
Avehitecture

Mechano Sensory Bone and
Collagen Remolding

Ceoll Proliferation and
Differentiation

Figure 4: Multiple function of periostin

PERIOSTIN

Figure 5: Putative functions of periostin in bone
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& Cross-links
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Figure 6: Periostin is a key regulator of collagen cross-linking

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.**3” Through its EMI

domain, periostin could interact directly with type I collagen,>”!
FN,B4 and Notch1,"! as well as with tenascin-C and BMP-158!
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 o33
and ovP35 to facilitate cell motility by activation of actin/
myosin contractile machinery.*”!

CoNncLusioN

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.
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