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Effectiveness of Prosthetic Speech Aid Appliances in Rehabilitation
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Abstract

Prosthetic speech aid appliances (speech aid appliances)
have been applied for patients with speech and swallowing
disorder caused by cleft lip and palate, malignant tumors
(tongue and pharyngeal cancer) and stroke (dysarthria).
Speech aid appliances are divided into several types accord-
ing to supplemented portion, for example, velopharyngeal
prosthesis (speech bulb, palatal lift prosthesis and so on,
tongue prosthesis (palatal augmentation prosthesis) and so
on. It is clarified that these prosthetic devices are effective
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for improvement of speech and swallowing function.

In prosthetic treatment, the cooperation is needed be-
tween dentists and speech language hearing therapist (ST).
However, unfortunately the number of dentists who make
these prosthesis is not many in Japan. In an aging society, it
is considered that prosthetic treatment will play an impor-
tant role. It is greatly expected that the number of dentists
who make prosthesis will increase.
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B kO REFICOEINS. PLPRIKOZEOR S
T THEH, BEPARBREG, "V TRAE—F
I A RIZERIIZEDE D 5 W IGIRBHPE AR & WRERIIS,
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5.
QEHMMIIEIC X B HEBEOME

TR oM SR EICT LT, &M IR
(Palatal Augmentation Prosthesis, PAP) A%#JH X 5.
PAPIZ, HiUIkA2 o (W) &<, frofk
HPHOREBNZ B T, PAPEZERE LZIREETY N E )
T—Yarefr) LX VRN THL (5IFES, 1992
SIS, 19955 INF S, 2011, &I, 2019). AS#ISAE
BlNE, e 3 SO B 2 5 00 72 Fe R IR O REFEDSA + 45 7%
B, EHIREAROIEFTH L. PAPIX, FHIKZIE
Y FWFIBET, R 2 — A L WEIEAME T LS
CZCEm L3 < LMy, migonkpE (&
DR 22— 24 - W8 B CTRDE S REI R %
5. BE1IZIPAPDO 1BITH 5.

PAPOEEA I X D L3E SN AL, SRR LIS
BADHLE T, HLOFOHEMBPHIIEKT 22 L1
EoT, MEMPWET L. FICHES (HhE) Tol
HEVPWETH L. HEE (HhE) 02T, BEED
[t], [d] W&, H&OFOT55df & FIEICFE R VI
HKORBAULETH B 720, BEEE [s] 15 eH®

FE1

AR (PAP) (T U)K Ml)

TN S KIOFES (BEH) [k gl (3HEEALED
IR LI W70 HE D HE L WS, FoIRO Rk % T
RLTHEMEYERT 2 LRIZE > TEERALNS
Babdd (55, 1992).

F7o, BEICELTIE, #WEAE IS L) FIETERES
AT A Ik, HMESYEHL, ToOMRLELT,
FERE AR EEDS LA 5. FEREABREE DA b, FERG AR
2 AEB I D L E DR LN D,

PAPOIEREIR, JHHIE L CTHRAFT 5 & OFERE % e KR
WHEHT 5 &) ICRES NS, T PSR I8 I
EMAZITV, WHITREGLRET L. TOEOHE
fLEICHEDE, Thbbl¥Ey (FhE) EERKROHT
FER, HOEYE (BEE) IREKROB I EKD L
5.

TESLEAETIE, PAPEEASIC X D ERENGEATWE SN T
WALDEMRT S, Tl AYTAvINTNTTT 4
ATV, HEOFROHEMAE & #HPH 2 W23 5. PAPIE
MERUIMERN T2 D TH L7290, MW TREIEFEA
BN IS B, SERUR I I IR Ol & 4T
WV, HEEEGEOLEICA D THEBKEEIAL, H4
WWIRZ#H S LT

PAPIIME T B EDUFHEZIT TR, HAM TEEDR
FRICDBH SN, PAPERIC X ) ENICB 2 &80
R L, DOPENRR A U722 LA 6 A2
oTwWh (KI5, 2005; W&, 2019). 72, &4
BrBi7213 T2 <, EB)RE SRR & B B 0 L TPAP
WA L7-E 2 A, WEkEL X OHARRTREICER)
TholzMHEEINTWDE FES, 2000 ; 25
2006).

PAPIZEI L T, HABEWPHE2 & 0 AHIRR #F
FRVVER L 7 E AR (PAP) OFB#EFT A FF 4
3BV, MindsTHEET %I &ATE 5.

(2) HPIHEEY) B
O B D HE

BRIT35 3 5 W I IHEE B BE O R FR IR, S e B %
REAEDBLL, ZAUTER§ 2 B 5 05 Sl 1S
X5 THDOER (B »HEHMTH L. MEHEDOE
FEREIE, BRI, WHSEMBEOC)RREPRICILBIL, HEO
Ytr, 2MTESYATIEE, FITES T IR S
5%,

HIHBE LI BR D 3565, T 4 OFPH CH BT OYIER % 19
TENHY, Oz [k gl CHETREESHBIT S
WD B.

VAR, B 7R M0 B2 A2 & % RIVRRE 7 Al & O
AT 52 D% L R0, ROF PR T T35S
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PSEAEREDME SN B . RIS 4 LL_E o0 [ A PR G B 1)
Wb e, HERD TR RIRERSERESH ST
HARR T HEOREIBAET LI DD 5.

@ BIRPEHAIRAC X % HEORF

Witk o HIRPET OTERE & #EREIC G hE T, NIV TR
Y—F x4 F, PLP, BKIOZFARZET O BLIFREE A % #
ML, BINEHPREREOLEZNS (BHE2). &
WRPE P SHARE DU DR R, BE L L T O H oS
AL, BEVIREN LRSS (595, 1995 HEH
5, 2002).

ARSI O BRAPH A L SIEBI Tl FHRIR O 5% % %
D EUFPAPOILRE RS- L Wi A (ER L, HiTow
HBAMDL (BE24). EOHFRLMBETOEZ - %
RUEBIRPERA SR e B L B2 0, FPIHEEYI BB <k
RIADKE L, e RIRRER SR RE A 14 5 & L 3 L
WIEERDH D, TO XD BER, HEAGICLE LR
Ji£ O SR P SRR RE O JEAT & 2358 DB BE O3 & 6 H A
55, BAREICIE, (b d, dz] & EDOAEGEHIERY
FIECHINE NS 2 L 2 UHOIBIEL § 5.

3) R A B
(1) FEaEREEOR

SRR EVERE S REE (dysarthria) &, [ R o
ik 2 5 KRB OT RO VT N DIFEI K HHE
T H OMBIBEE Ol X R (A LY, <Y
Oy F4>REOHBE (54 7) ICHTL2RBTH
%.)] EEFESNTWD (FEMES, 2001). i i B

B/ X—=F v U, FRUNEZVERE, 7 25 SR A
L7 & 2 ORI L ) 5B 5.

TEBYRE EVERE T L, ARV R, VR
& OJGRERE T R, EENC N R, Bk
REErbEds, ROEMMEREE, —dk L Es = 2 —0
WCHHEENL, IS0 T84T L, wEHEET
B R & %5 DIF, FAZEIEPEPSEEEA 220 &
A 70, SRR SRS, G REE, AT R
ECH D, WA VERE T E 1 2SR AL
(ALS) 2%&Ehab. ToXHIZ, HIEEESEASIL,
T Y B S R B 2 B W RSB O i W Bk e R T
»H5.

M E DO, A N = X LD E DG REE
ENTVDLIZE YRR, g, &, b, B, 7
Oy 74 LRFEOFMIEC DY, EREELHATHD
(FE# S, 2001).

(2) WBAZR T MBI EE S X D00 L 3R

BB EIR AT O 1BIEIE, DI B SR RE AN AT B
RINPEREEOTERTH 5. SHIRBICHEODH 5 BE
%<, TUVELIZZ L&, INEABRN 2 & O/
BHITEIG TR <, iINEBHRsE—BIRE 2 5. &
HNHEORSICIMESI W0, BRITH2 E3%E
(PLP) 25l L % (GHE3).

PLPEAFIC X Y, Sl <&, Sk sHpspe AT %
THIEIZED, G - BEEASPIRIC A 72 TR L,
SRR ] - MR PR O R, AEBIRET) b 1)
E52% (GES, 1988). AFBLALTY, EB)RE IS

7]

M

NWILTHRZE—FT A F MOFEREF

FE2 il (Puku ke
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FE3

TROZE LR (PLP) GRE) R S & i )

Wi (2 350 F 2 SRIHIPE PSHAN Ao 3 2 Wifk TG i 1E, =
CFVANDH LI EDHSNE L5 TwA (Academy of
Neurologic Communication Disorders and Sciences, 2001).
T I o S e S S O T B B 2k LT, PAP
TWM L2 2, FERHYIREDSYE L7z, $72, #E
WETREICEA L 2, SO ITENERRE A L
L oBWERH D FHHES, 2000 ; ZWFS, 2006).
NooHENS, T TIREBRER T REEE~O
FEEAMBFEE OB, BIMHIPEE R OPLPA LT
ol Gk, FEBEELHEAWTREFIINT 5
PAPOEHIBIAHE 2 5 Z L ASHIfF S 5.

HRAEEICH T HF— LEE

-
—

BRn P E IS A AR AR, SR & SRR
1 (ST) o Tirbhs. £ DYh, BHE O

FERD D, STHAFEE MBI O L2 2 I L
£ % 3l U TR ERAMKIH S N 5.

IR AGBHRIC BT 2STOXRENL, OREHIERFOK
FHEERG & s (R LN R 2 Ml L 2 208 S5
LZONEE L) QREOHREZFEL, FBINT—
FIHEDE, WRHEMIC T 4 — KNy 795 2 EQ%®E
SERIRIS, BT RIEOB R, I L HERNA~ 0@

)N

(84)

B )N T =23 YICBT B HIRIIEE R R E O A I

JIEONEAE, TN LM o BBEORE, #HE
EL-SHAMoOERTH L (59, 2007).

$ORE

IR ROTRHEL, B4 R IIPER BB X O A B2 B E 12 &

B BB E 2T T AN T RE 2 S0 7Rk E o
WL LT, EELARHEHSTWwS (GBS, 2016 ¢
34, 2019). LA L, STOM¥ENSA DL &, Wi
BOPAENEFETH S LHIB LTS, MR %2 K
T HMFHEMZ T OICH%T 2 L W) BRBH 5 (h
H5, 2010). BIH3 2540 s o shBHE R 2 O & —
L= DEEIT, BRAERIBI R E 2 F R T & Z L ERT O Y
2+ OEERERE LCIHIT 5 & REHHE.

T/, [ZLEPRICATEIEPAOFMZ LD
LR LICK WITERAAARRFEE D LIZL K o TE]
HEDRZDOD D EBHEINCIUE, RIESTICHZ DT T
JHIT2 EHENWTH 5.

R, BRRHERE & ST T oA, i %
HEWTREEZROZ COBEOQOLD L2225
L FYNIHET B,

=Eh

[=N:18]

EH B

19824F 4 H2» 519994 3 H £ TIEfE L, BRR B X OB
I L TEH L DTIEE W72 & F L7z, WAL
FIH—ENF AU E OB fE—c EEHIZIL L DB
JROSEAEIZTR CIEHH L LT E T

T2, ANCO L) RREETHE $ L2diEERERER
FH RSO R BEZ IE S BIL L BT £ T

X (73

Academy of Neurologic Communication Disorders and Sci-
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Abstract

Clinical performance of current dental pulp capping
agents remains questionable. This has led to researches
in search for a novel dental material that possesses bet-
ter biocompatibility as well as induces new dentin for-
mation within shorter period than the materials used at
present. Dentin phosphophoryn is an extracellular ma-
trix protein (ECM), which is cleaved product of the
parent gene, dentin sialophosphoprotein. Recent re-
searches in the tissue engineering field have been utiliz-

Introduction

For decades, calcium hydroxide had been used as the
standard material for vital pulp therapy, as it induces repara-
tive dentin formation in damaged teeth (Figure 1) (Freeman
et al. 1994). But studies had been conducted evaluating its
long—term functions and results state calcium hydroxide to
be unpredictable and varying in performance in long term.
Specific disadvantages of this material include incompatibil-
ity to biological tissues, lack of close adaptation to dental
tissue (tunnel defect formation) and controversial cytotoxic
effect by formation of permanent necrotic tissue (Ba—Hattab
et al., 2016 ; Accorinte et al., 2008 ; Andelin et al., 2003).

B | Py e

P P
Py

Figure 1 : The standard direct pulp capping materials available at
present for clinical use.
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ing the scope of variable ECM proteins to regenerate
dentin from odontoblasts. This review focuses on dentin
phosphophoryn as well as its characteristic domain
RGD and discusses their role in inducing signals to-
ward odontogenic cell differentiation and consequent
formation of dentin with better quality and biocompati-
bility than calcium hydroxide, standard pulp capping
agent or in shorter time period than mineral trioxide ag-
gregate (MTA).

Thus, clinical success rate of vital pulp therapy using cal-
cium hydroxide is not satisfactory to the clinicians. In 1999,
Mineral Trioxide Aggregate (MTA) was introduced in clini-
cal dentistry and applauded for its superior biocompatibility
and excellent sealing property (Bortoluzzi et al., 2006 ;
Tawil et al., 2015). However, there has been concerns re-
garding its toxic chemical components like aluminum and
selenium, difficult handling characteristics and absence of
any known solvent for this material (Bansal et al., 2019).
The high cost is a barrier to using MTA for general popula-
tion. So, the ongoing search continues to develop the ideal
material. A significant number of research are being con-
ducted to experiment with different extracellular matrix pro-
teins (ECM) and establish their roles to induce dentin regen-
eration. This review discusses the role of dentin phospho-
phoryn, an ECM protein and its possible role to effectively
induce dentin regeneration with significant quality. In addi-
tion, the specific domain of the protein structure responsible
for eliciting new dentin-like structure formation is dis-

cussed.
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Methodology

A review of the literature was performed by using elec-
tronic and hand-searching methods regarding the ECM pro-
tein called dentin phosphophoryn and its scopes and possi-
bilities on the regeneration of dentin. Both in vitro and in
vivo studies were selected from January 1995 to September
20109.

ECM proteins in tissue engineering

Extracellular matrix (ECM) proteins are a topic of focus
in the field of tissue engineering recently. ECM constitutes
the non-cellular component of tissues and is composed of
structural and functional proteins (Frantz et al., 2010). At
present, a number of tissue engineering studies have been
conducted to replicate the composition of ECM and reported
to achieve desired cellular behavior and direct towards line-
age specific cell differentiation to facilitate regeneration of
tissues such as bone and dental pulp tissues (Ravindran et
al., 2011 ; Ravindran et al., 2013(2)). There have been re-
ports of a number of functional ECM proteins that have sig-
nificant roles in the formation of mineralized tissue ; bone
and dentin (Saito et al., 2004 ; lohara et al., 2004 ; Six et al.,
2002 ; Gericke et al., 2010 ; Six et al., 2007).

The biochemical function of dentin-forming cells

Dentin is a complex mineralized tissue formed by odon-
toblasts. The main function is to form mineralized matrix by
the secretion of different collagenous and non-collagenous
proteins (Table 1) (Linde et al., 1989).

Similar to bone-forming cells, osteoblasts, odontoblasts
also produce endocrine hormones named fibroblast growth
factor 23 (FGF23) and osteocalcin (Yoshiko et al., 2007).
However, the response of osteoblasts and odontoblasts to
these growth factors are different. For example, osteoblasts
express transcription factor, Runx2 when stimulated by treat-
ment with BMP/TGF-  super-family of proteins. But the

* inprganic componant BO%
= grganic compongnt 20%
Collagen 90 % |
Dentin Phosphophoaryn (DP™) 5-B % |
Others 4-5%
DMP-1, OPN, BSP, MEFE, DSP, BGP,
P, Growth Factees, Lipids, e
11 %

& Watar

Table 1 : Composition of dentin extracellular matrices
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same response is elicited by odontoblasts when treated with
FGFs (Balint et al., 2003).

Dentin Phosphophoryn

Dentin phosphoprotein, also known as phosphophoryn
(DPP) is the most abundant non-collagenous protein in den-
tin matrix (Butler et al., 1997). It is predominantly expressed
in odontoblasts (Suzuki et al., 2009). DPP belongs to a
small integrin binding ligand, N-linked glycoproteins (SIB-
LING) family. The SIBLING protein family includes six
proteins (Table 2) (Fisher et al., 2003) :

DSPP is comprised of two distinct domains, sialylated
dentin sialoprotein (DSP) and phosphorylated DPP (Fisher et
al., 2003). There are reports that DPP is highly acidic due
the large quantity of amino acid components such as Aspar-
tic acid and phosphorylated Serine. It is negatively charged,
elucidated by its isoelectric point 1.1 (Ravindran et al., 2013
(1)). One distinct characteristic of all SIBLING family gly-
coproteins, including DPP is the presence of the integrin
binding tripeptide Arg-Gly-Asp known as the RGD motif
(D’Souza et al., 1991). In the amino acid sequence of DPP,
the RGD motif is at position 26 from N-terminal and the re-
peating sequence of (aspartic acid- phosphoserine- phosphos-
erine), as its characteristic domains (George et al., 1996).
This N-terminal remains a domain that has not yet been
studied as extensively as other domains of DPP.

RGD Peptide

Arginyl-glycyl-aspartic acid (RGD) peptides was firstly
discovered as a specific part of the amino acid sequence of
an ECM protein named fibronectin. Since then, RGD is the
most common peptide motif responsible for cell adhesion to
the extracellular matrix, as it acts as the recognition site for
cell surface receptors. Though a significant number of extra-
cellular matrix proteins have RGD as their cell recognition
site, cells can recognize each sequence individually. This is
explained by the presence of specific integrins, each one of
which is capable of recognizing only a single RGD-
containing sequence (Ruoslahti et al., 1987).

Dentin sialophosphoprotein (DSPP)
Osteopontin (OPN)

Bone sialoprotein (BSP)
Dentin matrix protein 1 (DMP-1)
Enamelin (ENAM)

Matrix estracellular phosphoglycoprotein (MEPE)

Table 2 : The six proteins of SIBLING glycoprotein family
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Role of dentin phosphophoryn on dentin regen-
eration

The primary function of DPP in the matrix is to initiate
nucleation of hydroxyapatite crystals (George and Hao,
2005). In a study (Saito et al., 1998), the role of phospho-
protein in mineral induction of dentin was investigated. As a
portion of phosphoprotein is bound to collagen, experiments
were performed with insoluble dentin collagen. Phosphopro-
teins were immobilized to collagen in metastable calcium
phosphate solution and results showed that phosphoproteins
induced the formation of crystalline structure. Moreover,
when 90% of the phosphate was removed from the solution,
dentin did not induce mineralization. A significant number
of studies have concluded the role of DPP to induce the for-
mation and growth of hydroxyapatite crystals of enamel
(Saito et al., 2000, He et al., 2005), due to the presence of
abundant negatively charged regions. This property enables
DPP to bind effectively to calcium ions of hydroxyapatite
crystals (Ravindran et al., 2013(1)). A study particularly
found the high potential of DPP to nucleate hydroxyapatite
when its covalently cross-linked on collagen fibrils (Saito et
al., 2000). Moreover, DPP has been shown to act as marker
of differentiation of pulp cells into odontoblasts (Wei et al.,
2007). There has been reports that DPP possesses signaling
functions that can initiate lineage-specific differentiation of
mesenchymal stem cells (Sfeir et al., 2011). In addition to
cell differentiation and calcification, DPP in the ECM can
mediate cell adhesion and migration by initiating integrin-
mediated signaling on the surface of pulp cells via its RGD
motif in vitro (Yasuda et al., 2008).

Dentin phosphophoryn on dentin regeneration
in vitro

During the initial years of research investigating the role
of DPP on dental tissues, experiment was conducted by im-
mobilizing DPP to type-I collagen fibrils and it was reported
that DPP induced hydroxyapatite formation, indicating its
major role in dentin calcification (Figure 2) (Saito et al.,
2000). Later there was one report using human dental pulp
cells and the possible contribution of DPP (as well as its
RGD domain) on the migration of these cells, indicating its
role in early-stage reparative dentin formation (Yasuda et al.,
2008). Human dental pulp cells were cultured on DPP, DPP-
RGD, DPP-RAD and fibronectin-treated tissue culture poly-
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styrene dishes and cell migration and proliferation was as-
sessed. Results showed that DPP induced pulp cell migra-
tion in a concentration- dependent manner. It further stated
DPP-RGD peptide also promoted cellular migration (Yasuda
et al., 2008). Another study observed the role of DPP on the
differentiation of odontoblasts. In this experiment, DPP at
different concentrations were experimented on rat dental
papilla-derived cell line, MDPC-23 cells. Cell morphology,
proliferation, differentiation and calcification were measured.
To check the effect of DPP toward odontogenic cell differ-
entiation and calcification, odontogenesis-related MRNA
gene expressions were observed. Results showed significant
increase in DMP-1 gene expression and increased expres-
sions of alkaline phosphatase (ALPase), runt-related tran-
scription factor-2 (Runx-2), bone sialoprotein (BSP), os-
teocalcin (OCN), osteopontin (OPN) and type-1 collagen
(Polan et al., 2014). As it had been reported in vitro that
overexpression of DMP-1 promotes mesenchymal cell differ-
entiation into odontoblast-like cells (Narayanan et al. 2001),
and DMP-1 initiates the binding of Ca® to early stage min-
eral deposition, it was concluded that DPP is a signaling
molecule involved in dentin formation (Polan et al., 2014).
ALPase activity test was performed to check the odonto-
genic lineage of cell differentiation at protein level and
whether DPP had a role in it. DPP induced high ALPase ac-
tivity in different concentrations. In Alizarin red staining
test, stronger stain was observed when cells were cultured in
dishes that were treated with DPP. Quantitatively, number of
stained nodules were significantly higher in DPP as com-
pared to the control group. From the gene expression test re-

[a L
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Figure 2 : Mineral induction on collagen fibrils immobilized with
dentin phosphophoryn in vitro C : type | collagen fibrils, Arrow
head : mineral crystal
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sults, it was suggested that DPP might bind integrin recep-
tors on the surface of MDPC-23 cells via its RGD motif.

In a recent study, the effect of dentin phosphophoryn-
derived RGD peptides on odontoblast differentiation and
mineralization was experimented. Tissue culture polystyrene
dishes were treated with RGD-1 (SESDNNSSSRGDASYN
SDES), RGD-2 (ANSESDNNSSSRGDA) and RGD-3 (SRG
DASYNSDESKD) and rat dental papilla call line, MDPC-23
cells were cultured onto them. Based on the results of a pre-
vious study (Yasuda et al., 2005) that reported RGD-1, RGD
-2 and RGD-3 stimulated human mesenchymal stem cells to
differentiate into osteoblasts, these specific peptides were se-
lected for this study. Cell morphology, proliferation, differ-
entiation and calcification were measured. ALP activity was
measured to determine the presence of odontogenic lineage
cell differentiation at early stage. All the RGD groups had
significantly higher ALP activity than the control. Odonto-
genic gene mRNA expressions were assessed by conducting
conventional and real-time RT-PCR, and the result stated
high mRNA expressions of DMP-1 and ALP in certain
RGD groups compared to the controls. To evaluate the ef-
fect of RGD on mineralization of cells, alizarin red staining
was done. The RGD groups exhibited strong staining for
mineralized matrix, compared to the negligible stain of the
control (Tang and Saito, 2016).

Dentin phosphophoryn on dentin regeneration
in vivo

For an in vivo study, DPP was crosslinked on type-1 ate-
locollagen fibrils and applied on exposed vital pulp of por-
cine molar teeth. It was reported that the rate of reparative
dentin forma-tion was significantly higher in DPP-col group
compared to the control group at 1st and 2nd weeks. The re-
parative dentin in experimental group also had significantly
higher compactness, the exposed pulp was completely cov-
ered by reparative dentin by 3rd week (Figure 3). Also, tun-
nel defects were not present in DPP-col group. Thus, it was
concluded that DPP promote reparative dentin formation
with better quality than standard calcium hydroxide in vivo
(Koike et al., 2014).

Dentin phosphophoryn and dental anomalies
and diseases

Studies show that mutations in the dentin sialophospho-
protein (DSPP) gene cause severe dentin anomalies e.g. den-
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tinogenesis imperfecta and dentin dysplasia, characterized by
hypomineralized thin dentin with poor functionality (Kim
and Simmer, 2007). Absence of DSPP gene expression is
correlated with dentinogenesis imperfecta type 1l (Kim et al.
2004) and type 11l (Sreenath et al. 2003). DSPP- knockout
mice were experimented in a study and reported that ab-
sence of DSPP gene renders them susceptible to periodontal
disease (Gibson et al., 2013).
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Conclusion

It has been reported in clinical studies that the success
rate of direct pulp capping with calcium hydroxide that has
been used conventionally is approximately 60%, even
though it has been considered the standard therapy (Mejare,
2003). The clinical failures of direct pulp capping have led
to the search for new therapeutic agents. After its approval
from FDA in 1998, mineral trioxide aggregate (MTA) was
found to be an excellent pulp-capping agent because of its
high biocompatibility (Bortoluzzi et al., 2006, Tawil et al.,
2015). However, MTA-induced dentin bridge formation has
been reported to be slower compared to calcium hydroxide
(Accorinte et al., 2008). In an ideal clinical case, exposed
pulp should be closed by the complete bridge of good qual-
ity dentin in a short period. The process of dentinogenesis
involves complex interactions among various factors, both
inside and outside the cells. If extracellular stimulation can

Figure 3 : Reparative dentin formation by dentin phosphophoryn-
collagen composite at 3-week in rat R : reparative dentin, D : den-
tin, P : pulp
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be directed to direct pulp capping agents, it will be pivotal
for differentiation of exposed pulp cells into odontoblasts
and thus initiate dentin formation. In order to get the desired
result, the stimulant molecule should possess mineralizing
potential. In recent years, studies are being conducted with
specific focus on the potential of bioactive agents such as
dentin extracellular matrix molecules, for example, bone
morphogenic proteins BMP-2 ; BMP-4 ; and BMP-7 (osteo-
genic protein-1 : OP-1), dentin matrix protein-1 (DMP-1),
matrix extracellular phospho-glycoprotein (MEPE), bone sia-
loprotein (BSP), and so forth enamel matrix derivative, stem
cells (Saito et al., 2004, lohara et al., 2004, Six et al., 2002,
Gericke et al., 2010, Six et al., 2007). The dentin extracellu-
lar matrix molecules are promising materials because of their
involvement in dentinogenesis during the development of
teeth (Ravindran et al., 2013). Therefore, they can bring out
the potential of stem cells or progenitor cells located within
the pulp to the maximum, to proliferate and differentiate into
odontoblast-like cells and consequently produce the extracel-
lular matrix, which will eventually undergo mineralization.
From the studies discussed in the review, it is evident that
DPP can be considered as a novel direct pulp capping agent.
However, many aspects of this protein and its microstructure
have yet to be studied before it can be applied for clinical
use. Studies experimenting with the RGD domain of DPP
found that RGD promotes rapid cell attachment (Tang and
Saito, 2016) and initial cell attachment is established as an
effective indicator for matrix mineralization (Harbes and
Healy, 2005). Hence, if RGD peptides can be included in
pulp capping materials, this can preferentially recruit odon-
toblasts and induce faster wound healing in exposed pulp

tissue.
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Abstract

The epithelium is the first line of defense against
noxious environmental stimuli through different barrier
mechanisms. These barrier mechanisms are maintained
by various junctions that can be broadly classified into
tight junctions (TJ), gap junctions and adherence junc-
tions. TJ is the most important epithelial barrier system
and forms a continuous, circumferential belt like struc-
tures at the apical compartment of epithelial sheets. The
junctional proteins of TJ play a major role in holding
epithelial cells together. The integral junctional proteins
of TJ are claudin and occludin. Claudin and occludin
have been shown to alter in various diseases of skin
and oral mucosa. Also, their alteration with aging has
been demonstrated to cause poor epithelial barrier func-
tion. Although, various studies have been focused on

Introduction

The epithelium is the first line of defense against noxious
environmental stimuli through different barrier mechanisms.
These barrier mechanisms are maintained by various junc-
tions that can be broadly classified into tight junctions (TJ),
gap junctions and adherence junctions (Dokladny et al.,
2016). TJ acts as an occluding junction that seals the adja-
cent epithelial cells and prevent the paracellular passage of
small solutes and molecules. Adherence junctions are cal-
cium dependent attachment plaques which connects cell—cell
or cell-matrix via actin and intermediate filaments to
strengthen the cytoskeleton. Gap junctions are composed of

connexin proteins involved in connecting cells and create

(95)

claudin and occludin, the findings are dispersed. In this
review, we summarize the altered expression of the TJ
proteins, claudin and occludin, in different pathological
conditions including carcinoma of skin and oral mu-
cosa. Also, we summarize the changes in these proteins
with aging in both skin and oral mucosa. The findings
of our review suggest that the altered expression, not
alone downregulation or upregulation of these proteins
are responsible for causing various epithelial barrier re-
lated skin and oral diseases. The role of these proteins
is crucial in the invasion and metastasis of various car-
cinomas. The understanding of altered expression of
these proteins is important in pathogenesis of various
age related diseases.

channels to transport small molecules and ions between the
cells (Balda & Matter, 2008).

TJ is the most important epithelial barrier system, and
forms the continuous and circumferential belt like structures
at the apical compartment of epithelial sheets. This protein
complex is composed of integral membrane proteins that
constitute TJ strands, cytoplasmic proteins and cytoskeletal
proteins. It also has roles in maintaining cellular polarity,
cell differentiation and signal transduction (Gonzalez—Maris-
cal et al., 2003)

The junctional proteins of TJ play a major role in holding
epithelial cells together (Buckley & Turner, 2018). Claudin,
occludin and junctional adhesion molecules (JAM) are the
integral junctional proteins of TJ (Chiba et al., 2008).
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Claudin and occludin are the backbone in forming TJ
strands, whereas JAM is not essential to TJ formation in epi-
thelial cells but involved in various biologic processes like
inflammatory reactions and tumorigenesis (Reglero—Real et
al., 2016).

Claudin and occludin have been shown to alter in various
diseases of skin and oral mucosa. Their alterations with ag-
ing have been demonstrated to cause poor epithelial barrier
function (Saitoh et al., 2009). Although various studies have
been focused on claudin and occludin, the results so far are
controversial. In this review, we summarize the altered ex-
pression of claudin and occludin in different pathological
conditions, carcinoma and aging of skin and oral mucosa.

Role of TJ proteins in barrier mechanism and
its regulation

TJ is the apical component of cell membrane in polarized
epithelium and endothelium, which is involved in the cell-
cell interactions at the lateral domains (Bauer et al., 2014).
Claudin, a 20-27kDa membrane protein, is composed of 27
members expressed in TJ of epithelial cells including skin
and oral mucosa (Glinzel & Fromm, 2013) . Claudin is also
transmembrane protein which is composed of two intracellu-
lar N and C segment and two extracellular loops. The first
loop, with high content of tyrosine and glycine residues, is
responsible for paracellular charge selectivity. The second
loop, the carboxy terminal domain, rich in serine, threonine
and tyrosine residues is a target for a number of proteins
and tyrosine kinases, and acts as a co-receptor for bacterial
toxins (Weber, 2008). Paracellular flux is regulated by pore
pathway allowing passage to small ions and macromole-
cules, or leaky pathway which allows larger molecules to
pass through (Capaldo & Nusrat, 2009). Claudin-1, -3, -5,
-11 and —-19 are considered as the sealing components, and
claudin =2, =10, —-15 and —17 are considered as the channel
forming components of TJ (Bauer et al., 2014). Occludin, a
60kDa protein, has four transmembrane domains, three cyto-
plasmic domains (long COOH terminal, short NH. terminal
domains and short intracellular turn), and two extracellular
loops (Forster, 2008). The C—terminal of the occludin plays
an essential role in paracellular channel formation, and N-
terminal is essential for TJ barrier functions and extracellular
loops helps to retain occludin to TJ strands (Cummins.,
2012). The C-terminal half of the occludin also binds with
peripheral membrane proteins like zona occludens (ZO) and

(96)

comprises ZO-1, -2 and -3. ZO proteins interact directly
with most of the transmembrane proteins including occludin
and claudin and acts as a scaffold which allows numerous
protein—protein interactions and a cross linker between cyto-
plasmic proteins and actin based cytoskeleton (Pummi et al.,
2001).

The structures of TJ is dynamic and is regulated by vari-
ous protein phosphorylation and dephosphorylation in re-
sponse to signaling molecules which determine the composi-
tional and functional integrity of TJ proteins. The disruption
of TJ is caused by the activation of various signaling pro-
teins such as MAPKs, Rho GTPase signaling mechanisms
and protease activator receptor in response to different nox-
ious stimuli such as oxidative stress, inflammatory media-
tors, growth factors (Enjoji et al., 2014). It has been shown
that the expression of claudin was increased and TJ assem-
bly was enhanced by the inhibition of PP2A (McCole,
2013). The expression of specific genes, which are important
for epithelial differentiation and morphogenesis, is activated
by the subsequent translocation into the nucleus (Gottardi et
al., 1996) and are responsible for cellular differentiation, ac-
tin cytoskeleton regulation and TJ functions remodulation
(Matter & Balda, 2007).

TJ protein in healthy skin and oral mucosa

Skin is composed of several layers. Stratum corneum, the
uppermost layer mainly composed of keratinocytes, is the
first line of barrier to the environmental insults such as aller-
gen, microbiome, irritants and pollutants. Once the barrier
function of stratum corneum is compromised, the next bar-
rier is performed by TJ proteins, mainly claudin and oc-
cludin, in the stratum granulosum layer (Brandner et al.,
2015). Oral mucosa is classified as keratinized or non—kera-
tinized tissue. The stratum corneum is absent from non-
keratinized tissue. In gingiva, the oral epithelium is kerati-
nized, sulcular epithelium is predominantly non-keratinized
and junctional epithelium is non—keratinized (Caffesse et al.,
1977). The role of TJ proteins becomes more critical in the
non—keratinized oral tissue including sulcular epithelium and
junctional epithelium. This might be a cause that sulcular
epithelium and junctional epithelium are especially affected
in periodontal diseases.
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Claudin and Occludin in different pathological
conditions of skin and oral mucosa

The altered expression of claudin and occludin are mostly
observed in various pathological conditions of skin depend-
ing on the severity of the disease, bacterial concentration
and epidermal differentiation (Table 1). Increased expression
of occludin and decreased expression of claudin—-1 and 7 are
observed in the early or late stages of psoriasis with more
prominent effects in later (Brandner, 2002 ; Kirschner et al.,
2009). The expression of claudin—1, 2 and 3 are downregu-
lated in atopic dermatitis facilitating entry of pathogen
through epidermis, however compensatory mechanism to
maintain barrier integrity leads to the overexpression of
claudin—4 (Guttman et al. 2006). It is reported that TJ pro-
teins are altered in human epidermal keratinocytes during

different bacterial infections. A study showed that the in-
creased expression of TJ proteins as a rescue mechanism
was observed by the exposure of Staphylococcus aureus and
Staphylococcus epidermidis to epithelial cell for 3 hours,
while the significantly decreased expression was observed
by the exposure for 7-10 hours due to the loss of transepi-
thelial resistance (TER). No alteration of TJ proteins is ob-
served in the epithelial barrier by the exposure at the con-
centration of < 10" bacteria/ml for 5 hours, while downregu-
lated expression of claudin—-1, 4 and 7 is observed by in-
creasing bacterial load up to the concentration of 10° bacte-
ria/ml (Ohnemus et al., 2008). Hailey—Hailey disease and
Darrier’s disease are autosomal dominant skin diseases
where alteration of TJ proteins is associated with epidermal
differentiation and calcium gradient. In both, increased ex-
pression of claudin—-1, 4 and occludin is observed with the

Table 1: Altered expression of Claudin and Occludin in various skin diseases ; TJ, Tight Junction ; NISCH, Neonatal ichthyosis—scleros-

ing cholangitis.
Pathological

condition (Skin)

A. In Vitro study

Proteins

Explained Impact

References

Bacterial (S.aureus &

S.epididermis)

infection

i) Early-3hrs of

infection

Late-7.5 hrs of

infection

ii) 10"/ml bacteria-5hr
10°ml bacteria-5hr

Early- Claudin-4 1,
Occludin

Late- Claudin-4 | ,
Occludin |

Claudin-1, 4,0ccludin-No
change
Claudin—1,-4,0ccludin {

Early rise of TJ proteins may be due to rescue mechanism
during bacteria—keratinocyte interaction.

Dyslocalization of TJ proteins occurred after bacteria invade
the epidermis.

(Ohnemus et al., 2008)

B. In Vivo study

Psoriasis vulgaris
(Early stage)

Psoriasis (Plaque type)

Occludin t
Claudin-11},-71{

Occludin 1
Claudin-11}, -7

1) Broader expression of occludin and claudin is to keep
barrier functions results in thicker epidermal layer.

2) Further loss of claudin is a consequence of various stim-
uli like bacterial infections leading to impairment in the TJ
barrier functions.

(Brandner, 2002 ; Watson
et al., 2007 ; (Kirschner et
al., 2009)

Atopic Dermatitis

Claudin-1} -2 -3,
Claudin-1} (lesional area)

Claudin-4 t (non-lesional
area)

1)Decreased Claudin-1,23 enhance the penetration of envi-
ronmental antigens leading to greater allergen sensitization.
2)Increased Claudin—-4 is a compensatory mechanism to
maintain stratum corneum barrier integrity.

(Guttman et al., 2006 ; De
Benedetto et al., 2011)

Impetigo Contagiosa Occludin 1 Early rise of TJ proteins may be due to rescue mechanism.
Downregulation of TJ proteins occurred after bacteria in-
Claudin-1} vade the epidermis. (Ohnemus et al., 2008)
Hailey—Hailey disease Claudin-1 | Acantholytic process alters the dynamics of TJ proteins.

i) Low calcium
i) High calcium

i) Claudin—4,0ccludin {
i) Claudin—4,0ccludin 1

Altered expression of TJ may be due to aberrant epidermal
differentiation and calcium concentration.

(Raiko et al., 2009 ; Raiko
et al., 2012)

Lichen Planus
Ichthyosis Syndrome

Occludin t

Alteration in stratum granulosum layer leads TJ proteins to
relocalize to stratum spinosum which results in hyperkera-
totic lesion.

(Pummi et al., 2001)

Darrier’s Disease

Claudin-1 |

Acantholytic process alters the dynamics of TJ proteins
which highlight the importance of intercellular calcium in
TJ regulation.

(Raiko et al., 2009 ; Raiko
et al., 2012)

NISCH syndrome

Claudin-1}

Claudin-2 t

Decreased Claudin—1 increases the paracellular permeability
due to poor anchoring among the claudin in epithelial cells.
The relative overexpression of claudin—2 in the patient liver
is due to compensatory mechanism.

(Hadj—Rabia et al., 2004)

Mouse—-model

Claudin—1 knockout

Died immediately after birth due to transepidermal water
loss and skin dehydration.

(Furuse et al., 2002)

(97)
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low calcium concentration while significant downregulations
were observed by increasing calcium gradient and epidermal
differentiation (Raiko et al., 2012).

In experimental models of periodontitis, the expression of
TJ proteins depends on the duration or the grade of peri-
odontitis, bacterial concentration and apical or basolateral
exposure in vitro. The expression of claudin-4, 15 is
upregulated in case of biofilm challenge and minimally in-
flamed gingival epithelium for 24 hour (Guo et al., 2017)
while claudin-4, 15 and occludin is downregulated in pocket
epithelium. These suggest that the expression of TJ proteins
is decreased by the chronicity of diseases. Porphyromonas
gingivalis (Pg) along with its virulence factors is one of the
major etiologic agents in the pathogenesis and progression
of periodontal disease. Significant upregulation of claudin—4
is shown by the exposure of Pg to gingival epithelial cell
for 4 hours, with no effect on claudin—1 and occludin. In

contrast, the expression of claudin—-4, 15 and occludin is

downregulated by the exposure of Pg Lipopolysachharide
(Pg LPS) for 4 hours. Also, claudin—1 is upregulated by the
exposure of Pg to gingival epithelial cells after 4 hours
while is significantly downregulated by the chronic exposure
of LPS for 3 weeks. Pg is an opportunistic pathogen which
relies on fermentation of amino acids for metabolic energy
and tends to grow in nutritional environment forming sub-
gingival plaque. Subsequent changes in the local environ-
ment which may be host related factor or symbiotic patho-
gens can differentially regulate its virulence factors. LPS is
the most potent endotoxin which exerts its effect through ac-
tivation of Toll like receptor 4 (TLR4) (Tada et al., 2013).
The studies have shown to activate TLR4 after 6 hours of
LPS exposure to oral epithelial cells. Based on the above re-
sults, we can hypothesize the pathogenesis of Pg in two
ways. In the early stage of infection, epithelial cells, which
are the first line of immune defense, respond strongly to Pg
mediated low grade inflammation. At later stage, virulence

Table 2 : Altered expression of Claudin and Occludin in various oral pathological conditions ; TJ, Tight Junction ; Pg, Porphyromonas
gingivalis ; LPS, Lipopolysaccharide ; FHHNC, Familial hypomagnesaemia with hypercalciuria and nephrocalcinosis ; TER, Transepithe-

lial Electrical Resistance.

Pathological Proteins Explained Impact References
condition (Oral)
A. In Vitro study
24 hour Biofilm challenge Claudin-4 1 24hr challenge with biofilm without ‘red complex” bac-  (Guo et al., 2018)

teria shows upregulation of Claudin-4 which may
not deliberate any biological relevance.

Pg and Pg LPS induced
alteration of TJ-4hr

i) Pg 4hr- Claudin-4 1,
Claudin-15{ ;

Pg 72hr- Claudin-1 1

ii) Pg LPS 4hr-

Claudin-4 } , Claudin-15 1} ,
Occludin |, Claudin-1 1

Early upregulation of TJ proteins is due to compensa-
tory mechanism for barrier protection.

Chronic exposure of pathogen altered the immune de-
fence mechanism and hence alter TJ expression result-
ing in epithelial disruption.

(Guo et al., 2018 ; Tada et
al., 2019)

Pg induced epithelial disruption
i) >10° bacteria/ml , 2—4hr—
Basolateral exposure- | TER
i) >10° bacteria/ml, 2—4hr—
Apical exposure- T TER

i) Occludin |

ii) Occludin t

Decreased TER observed between 2-4 hour— Bacterial
pathogen exposed from basolateral surface are more sus-
ceptible for epithelial disruption.

Increase in TER observed up to 24hours and decreased
between 24-48 hour— Apical exposure of bacterial
pathogen require more time to induce epithelial disrup-
tions.

(Katz et al., 2000)

T.denticola induced TJ
protein alteration

i) 10" —6hr-Basolateral
i) 10* —6hr—Apical

i) Claudin-1{ , Occludin-}
i) No change in expression

Basolateral surfaces are more susceptible than apical
surfaces to the effects of T.denticola and threshold of
bacteria is required to alter epithelial barrier proteins.

(Kikuchi et al., 2018)

i) Minimal gingival
inflammation
ii) Pocket epithelium

i) Claudin—4 1, Claudin
151, Occludin-*

ii) Claudin-4- | , Claudin—
15}, Occludin- |

Ligation of CD24 facilitates increase expression of TJ
proteins that mediate epithelial barrier functions as a
protective mechanism against periodontal pathogens.

(Ye et al., 2014)

B. In Vivo study

Chronic LPS challenge
periodontitis—3wks

Claudin-1 |

Disruption of barrier functions and initiation of peri-
odontal diseases

(Fujita et al., 2010)

Periodontitis in HIV
patients=5 days treatment of
oral epithelial cells with
HIV-tat and gp120

Claudin-11 -3} -4,
Occludin-}

Activated immune cells produce larger amount of pro-
inflammatory cytokines which disrupt epithelial barriers,
facilitates secondary invasion to human papilloma virus.

(Tugizov, 2016)

Enamel defects
Amelogenesis Imperfecta in
patients with FHHNC

Claudin-3 | ,16 | ,19- |

1) Hypoplastic and hypomineralised tooth.

2) Enamel loss, easily breakable enamel with underlying
dentin exposure in molars, and decreased mineralization
in continuously growing lower incisors in patients with
FHHNC.

(Bardet et al., 2016)

(98)
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factor like LPS activates TLR4 leading to series of inflam-
matory cascade resulting in tissue destruction (Kocgozlu et
al., 2009).

By the exposure of Treponema denticola (Td) at a con-
centration of >10° bacteria/ml for 2—4 hours, transepithelial
electrical resistance (TER) is decreased in the basolateral
area, while is increased in the apical area (Katz et al., 2000).
At concentration of 10* bacteria/ml for 6 hours, TER is sig-
nificantly decreased in the basolateral area, while no change
is observed in the apical area. At concentration of 10 bacte-
ria/ml for 16 hours, Claudin—1 is decreased in both apical
and basolateral area (Kikuchi et al., 2018). These signify
that the disruption of epithelial junctional proteins is caused
by the critical threshold of bacterial load and exposure dura-
tion.

Claudin and occludin maintains barrier integrity from the

early development of tooth germs when ameloblast and
odontoblast differentiates (Jodo & Arana—Chavez, 2004). Fa-
milial hypomagnesaemia with hypercalciuria and nephrocal-
cinosis (FHHNC) is a rare kidney disease caused by the mu-
tation of claudin—16 and -19. These patients show severe
enamel defects, which are similar to amelogenesis imper-
fecta with impaired TJ structure and enamel matrix deposi-
tion. The loss of claudin—16 results in the modification of
environmental factors such as pH, impairment of the proc-
essing of enamel matrix proteins and disturbance of enamel
formation, in the patients with FHHNC and in the Cldn16™
mice (Bardet et al., 2016). Claudin—3 and —19 deficiency in
patients with FHHNC presented hypoplastic or hypomineral-
ised enamel in both secretory and maturational stages
(Bardet et al., 2017). These highlights the importance of
claudin and occludin from early stages of tooth development

Table 3 : Altered expression of Claudin and Occludin in various skin cancer ; TJ, Tight Junction ; DMBA, Dimethylbenz(a)anthracene ;

TPA, Tetradecanoyl-phorbol-13-acetate.

Cancer (Skin) Proteins Explained Impact References
A. In Vitro study
DMBA/TPA induced Claudin- Translocalization of claudin away from cell membrane may suggest  (Arabzadeh et al., 2007)

skin Papilloma

11614,111,12},18
L (in cell membrane)

endocytosis leading claudin retention in cytoplasmic vesicles which
may lead to altered cell polarity and barrier.

B. In Vivo study

Squamous cell Claudin-11 Increased claudin-1 facilitates invasive potential (Ouban et al., 2012 ;
carcinoma (SCC) Claudin-11 | Loss of claudin is a biomarker for tumor progression Nissinen et al., 2017 ;
Well-differentiated Morita et al., 2004)
(early stage/low Claudin-4 1 Claudin—4 and occludin are concentrated around cancer—pearl which
grade) Occludin 1 indicates the presence of TJ is not for barrier function rather than
their relation to keratinization.
ScC Claudin-1} May express other pathogenetic mechanism to regulate invasion. (Ouban et al., 2012 ;
Less—differentiated Claudin-7 1 Expression of Claudin—7 is late event in epidermal neoplastic process. ~ Hintsala et al., 2013 ;
(late stage/high grade) Rachow et al., 2013 ;
Claudin-11 1 Expression of claudin—-11 is associated with progression of tumor to  Nissinen et al., 2017)
Occludin | invasive stage.
Downregulated occludin decrease cell-cell adhesion, altered epider-
mal differentiation and calcium homeostasis.
Merkel Cell Claudin-3,4 1, The increased expression may signify TJ may play role in self- (Haass et al., 2003)
Carcinoma Occludin 1 isolation of tumor from environment.
Claudin-5-Mild Expression of claudin-5 in certain areas signifies the formation
expression of vessels within tumor mass
Metastatic melanoma Claudin-1 1 Expression of claudin increases MMP -2 activity thereby increasing  (Cohn et al., 2005 ;
melanoma cell motility. Leotlela et al., 2007)
Claudin-1 produced by melanocytes may not assemble with TJ
Claudin-1 structures
Precursor tumors of
SCC
Atopic keratosis Claudin-1} Diminish TJ barrier functions. (Hintsala et al., 2013 ;
Claudin-2 1 Overexpression of Claudin-2 is associated with leakage of barrier. Rachow et al., 2013)
Claudin-4 1 Alteration of Claudin—4 is induced by UV radiation
Bowen’s diseases Claudin-1, TJ-associated molecules altered in relation to keratinization (Morita et al., 2004)
Claudin-4 & (individual cell keratinization).
Occludin t (in
keratinized part)
Ankyloblepharon— Claudin-1} Claudin-1 may be a transcriptional target of p63 gene, which has un-  (Lopardo et al., 2008)
Ectodermal dergone mutation in AEC patients, so its downregulated expression

Dysplasia Clefting
(AEC)

causes skin fragility.

(99)
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in creating suitable environment for enamel deposition and
maturation by their role as barrier maintaining proteins.

Claudin and occludin in cancer of skin and oral
cavity

Cell to cell interaction is important phenomenon in main-
taining tissue integrity and homeostasis. The loss of cell-cell
adhesion is considered as the initiation in the process of in-
vasion and metastasis in carcinoma. The altered expression
of TJ proteins can increase epithelial permeability, loss of
contact inhibition, polarity and abnormal signaling leading to
inhibition or activation of various growths signaling mecha-
nism. Although the exact mechanism of altered TJ proteins
in cancer is still unclear, the involvement can be confirmed
by the deregulated expressions with migration, invasion and
metastasis of cancer in tissue specific manner (Martin & Ji-
ang, 2009). The bewildering expressions of TJ proteins in
various cancers are due to solitary or synergistic actions of
above mechanisms.

The alterations of claudin and occludin in dysplasia and
cancer in skin and oral tissues are shown in Table 3 and Ta-
ble 4 respectively. The expression patterns of TJ proteins
might have some correlation with the type of tumor grade,
site or Keratinization.

As ultraviolet (UV) radiation is the major risk factor for
benign and malignant lesion of skin, the effect of UV radia-
tion on TJ proteins may also precede the conditions. The

downregulation of claudin—1 and upregulation of claudin-2
and —4 are shown in the precursor tumors such as atopic
keratosis, and it resulted in diminished TJ barrier function
which is a typical feature of dysplastic lesion (Hintsala et
al., 2013). The expression of claudin-1, -4 and occludin is
altered in Bowen’s disease (Morita et al., 2004). Claudin-1
is upregulated in the early stage of cutaneous squamous cell
carcinoma (cSCC) and is downregulated in advanced stage
(Sappayatosok & Phattarataratip, 2015). Claudin-4 and oc-
cludin are upregulated in well differentiated cSCC, while
their concentrated expression is observed around the keratin
pearl instead of cell-cell border (Morita et al., 2011).
Claudin-4 expression is increased in Kkeratinized portion of
SCC whereas downregulated in non - keratinized part
(Vicente et al., 2015). The expression of claudin-7 and -11
is upregulated in undifferentiated cutaneous SCC, and is
more significantly upregulated in the later event in epider-
mal neoplastic process (Hintsala et al 2013 ; Nissinen et al.,
2018). The decreased expression of occludin is shown in
other carcinoma derived from non—keratinized epithelia such
as hepatic carcinoma, gastric carcinoma, breast carcinoma
and endometrial carcinoma (Sawada et al., 2003). This indi-
cates that TJ proteins might be related to keratinization.
Furthermore, the summary of TJ proteins in other skin
carcinoma such as malignant melanoma (MM) and merkel
cell carcinoma (MCC) have been studied. Loss of Claudin—1
in metastatic MM (MMM) as compared to benign melano-

Table 4 : Altered expression of Claudin and Occludin in various oral diseases ; TJ, Tight Junction ; OSCC, Oral Squamous Cell Carci-

noma ; KCOT ; Keratocystic Odontogenic Tumour

Cancer (Oral) Proteins Explained Impact References
OSCcC- Claudin-1} May involve other regulating factors than claudin to increase invasive  (Jodoj & Arana—Chavez,
Early stage potential. 2004 ; De Vicente et al.,

Claudin-4,-7 1, Claudin overexpression result in enhanced cell adhesion and de- 2015 ; Sappayatosok &
Occludin- } creased tumor aggressiveness. Upregulation may interfere with TJ in-  Phattarataratip, 2015)
teractions and signaling cascades
OsCcC- Claudin-1 1 Claudin—1 enhances tumor invasion by degradation of extracellular ~ (Jo&oj & Arana—Chavez,
Late stage Claudin-4 | matrix deposition. 2004 ; Oku et al., 2006 ;
Claudin-7} Claudin—4 play a role in maintaining the architecture of cell nests and ~ El-Bolok, 2011 ; De
keratin pearls, however downregulation is accompanied with decrease  Vicente et al., 2015 ;
e—cadherin expression which enhance migration, invasiveness and  Sappayatosok & Phatta-
metastasis rataratip, 2015)
Loss of Claudin-7 directly promote neoplastic process due to destruc-
tion of TJ
KCOT-lining Claudin-11 -3 Increased in an attempt to maintain cell-cell attachments at the sites  (Siar & Abbas, 2013)
epithelium Claudin-4 1 of cystic degeneration.
Claudin-7 1 Over expression of Claudin—4 in keratinocytes surface may be associ-
ated with abnormal TJs formation.
May play a role in the formation of Rushton hyaline bodies.
KCOT- Claudin-5- Claudin=5 is the only claudin member expressed in endothelium. (Siar & Abbas, 2013)
Vascular mild to moderate Subcellular localization of Claudin— 7 in lining epithelium may result
epithelium in formation of Rushton hyaline bodies.
Mild Oral Claudin-1} Staining intensity increasing with high grade of tumor may suggest  (Kwon, 2013 ;
Epithelial the involvement of claudin-1 in progression of dysplasia Carvalho et al., 2010)
Dysplasia
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cytic nevi may be due to failure of claudin produced by
melanocytes cells to assemble with TJ structures (Cohn et
al., 2005). In experimentally induced skin papilloma of mice
with 7, 12-dimethylbenz (a) anathracene, the downregulated
expression of claudin-1, -6, —11, -12, —18 is observed. The
downregulation of TJ proteins may be due to the involve-
ment of transcriptional factors silencing the expression of
claudin (Arabzadeh & Turksen., 2007).

The expression of claudin and occludin depends on the
histopathological grade of cancer. Claudin-1, -4 and -7 are
the major TJ proteins altered in oral cancer. In mild epithe-
lial dysplasia and early stage of Oral SCC (OSCC), the ex-
pression of claudin-1 is downregulated, thereby leading to
the disorganization of epithelial cancer cells. The low ex-
pression of claudin—1 may be a predictor of disease recur-
rence and poor prognosis. The increased expression of
claudin-1 with cancer progression enhances the invasive po-
tential with degradation of extracellular matrix. Claudin-4
and -7 are upregulated in the early stages of OSCC and are
downregulated in the late stages. The upregulation in the
early stages interferes with TJ functioning and signaling
whereas the downregulation in the late stages is accompa-
nied with the destruction of TJ structure enhancing migra-
tion, invasion and metastasis. The expression of TJ proteins
in the lining epithelium of keratocystic odontogenic tumor
(KCOT) is found to be associated with keratinization. The
concentrated presence of claudin-1, -3, -4 is found in the
area of keratin pearls. The increased expression of claudin—1
is associated with compensatory mechanism to maintain bar-
rier integrity. The increased expression of claudin-4 and -7
is found to be associated with their role in Rushton hyaline
body formation. The loss of claudin—3 caused the altered
barrier formation and the loss of cell polarity which simulate
the biological behavior of KCOT. Claudin—5 is only ob-
served in the vascular lining of KCOT. Claudin-5 is the
only protein of claudin family expressed in the endothelium.
Similarly the upregulation of claudin-1 in the invasive duc-
tal breast, cervical and colorectal carcinoma, and the down-
regulation of claudin—-4 and -7 in the invasive esophageal
and prostrate carcinoma are observed. Also the downregula-
tion of claudin-1 in other invasive carcinomas such as hepa-
tocellular and prostate carcinoma is observed.

The role of claudin and occludin in tumorigenesis is com-
plicated. The impaired cell-cell contacts leading to series of
changes with its reduced expression are clearly understand-

able, but the overexpression of certain proteins in many me-
tastatic lesions creates paradigm that how stabilizing proteins
enhances cell motility of tumor cells. The alteration of TJ
functions is caused by either underexpression or overexpres-
sion of TJ proteins. The transcriptional regulator should be
taken into consideration. Decreased expression leading to
cell detachment process is understandable but increased ex-
pression of claudins are often observed in tumor cells. The
enhanced expression may also be an initial step which dis-
turbs the balance of TJ in the cells and is associated with
proliferation, invasion and metastasis of the tumor cells. The
expression of TJ proteins for carcinomas are not consistent.
These may be due to multifactorial complex where TJ per-
forms barrier function, cellular signaling and differentiation.
These may act through specific pathway to potentiate or pro-

tect tumorigenesis.
TJ proteins in skin and oral mucosa with aging

Aging is a progressive decline in the physiological func-
tion leading to onset of organ specific functional deteriora-
tion. The clinical presentation of aged skin exhibit hypo-/
hyper—pigmented lesions, wrinkle scaly appearances or pal-
lor fragility. Some studies have attributed these changes to
the change of thickness in the stratum corneum composition
and basement membrane (Farage et al., 2013), while another
study highlighted the role of TJ (Bhattacharyya & Thomas,
2004). The intrinsic factor for aging changes is due to the
continuous physiological remodeling of tissues which was
generated by some stresses over time period (Quan &
Fisher, 2015). The accumulation of reactive oxygen species
(ROS) causing stress to cells is led by the extrinsic factors
such as UV radiation, pollution, smoking, hypoxia, or poor
nutrition. These oxidative stresses may lead to the post-—
translation mostly including phosphorylation at serine and
threonine residues, and may result in altering the phospho-
rylation pattern and the barrier integrity.

Few Studies have been reported regarding the expression
and regulation of TJ proteins in skin and oral mucosa with
physiological and experimental models of aging skin. In a
study, no significant alteration of TJ proteins in human
young or intrinsically aged epidermis is confirmed even
though the decreased expression is confirmed in rodent epi-
dermis (Althubaiti., 2012). However, the changes in barrier
functions and TEWL are noted in physiologically aged skin.
This might be due to the various signaling pathway associ-
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ated with TJ proteins. In an experimental model of aging
skin, claudin—-1 is downregulated, and claudin—-7 and -12
are upregulated in the photoaged skin as compared to the
photoprotected skin (Althubaiti,2012). The UV radiation
may change TJ protein levels by ROS mediated signaling
associated with degradation of MMP or directly affecting the
genes at the transcriptional level. The barrier disruption is
caused by the downregulation of claudin—-1 and upregulation
of claudin—7 and —12. The wrinkled skin with increased
TEWL caused by the downregulation of claudin—-1 is ob-
served in the aging mice (Parrish., 2017). These changes are
accompanied by the marked downregulation of claudin-1.
The epidermal barrier disruption is shown by the claudin—1
knockdown aged mice with atopic dermatitis as compared to

1+

claudin”*mice (Tokumasu et al., 2017). Normal morphologi-
cal phenotype is shown by the transgenic mice overexpress-
ing an epidermal targeted claudin—6 at a young age, while
severe dermatitis associated skin barrier function is shown
by a high sensitivity for epidermal injury with aging (Troy
et al., 2009).

In aging mice, Claudin-2, -3, -4 and -5 are downregu-
lated in the kidney epithelium and pancreas. Claudin—1 is
upregulated in the liver and kidney and claudin—7 is upregu-
lated in the pancreas (D’Souza et al., 2009). Although the
exact mechanism and regulation of their expression in aging
tissue are still not clear, these are considered as the effect on
TJ functionality which is responsible for some of the aging
related changes.

Conclusion

TJ proteins, including mainly claudin and occludin, plays
a major role in maintaining epithelial integrity. The altered
expression, of these proteins are responsible for skin and
oral diseases. The role of these proteins in various carcino-
mas is crucial in the invasion and metastasis. The under-
standing of altered expression of these proteins in the age-—
related diseases is important and studies are limited. Further
research is needed to be focused on this aspect.
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Abstract

Tissue clearing techniques are useful for visualizing the
three—dimensional structure of many kinds of tissue, while
the application of tissue—clearing techniques in dental re-
search remains limited. In this study, we developed a
method for clearing hard tissue including bones and teeth
using a new clearing reagent, LUCID, and analyzed three—
dimensional structures with confocal laser microscopy. We
first examined the necessity for decalcification in clearing
the mandible and parietal bone of GFP mice, and found that
the mandible bone and parietal bone was cleared suffi-
ciently without decalcification. However, uncleared parts re-
mained in the incisors and molars, and the uncleared re-
gions were larger in the undecalcified samples. The LUCID
reagent does not contain components for decolorization, and
the color of red blood cells remained in the dental pulp.
Confocal laser scanning microscopy showed particularly
strong GFP fluorescence in the periodontal ligament. In the
molars and incisors, fluorescence was observed throughout
the dental pulp except in the enamel. Higher magnification
images showed tubular structures extending from the pulp
toward the surface in incisors. Lacunaes were clearly ob-
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served in the parietal bone, and the fluorescence of osteo-
cytes present in the bone was confirmed. Osteocyte proc-
esses could be clearly visualized by fluorescence images.
Next, we observed the calcification of the parietal bone and
femur of ddy mice to which calcein (CL) and alizarin red
(AR) deposited in the calcified part had been administered
at intervals of two days. These samples were cleared with-
out decalcification, and showed CL and AL layers at the
surface and bone marrow in the parietal bone, and a layer
of AR and CL at the distal end of the femur. Observations
of the fine structure of the femur, which cannot be brought
into close contact with the cover glass surface, was
achieved by using a water immersion lens having a large
focal length and numerical aperture. The tissue clearing
technique enables three—dimensional observation of samples
without slicing. The present study shows that tissue clearing
makes it possible to analyze the three—dimensional structure
and calcification process of hard tissue by using both hard
tissue clearing technology and confocal laser scanning mi-

croscopy.
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TR R iy D BE 72 = URoTHE I 2 Ml L OV TR
HEAME LTHEEINTWS, AR%2 ZRITICBIZE T
LEMELTIE, IV —F - VETT T 4 —
(CT) RIS 2 —2 >~ (MRI), Positron Emis-
sion Tomography (PET) 7 &4 2 FpBE SN TE
7o, IO OEMIIAMBLEIRETH B L Vo 72K
D D75, ML L NIV OIFAREL T OIFREAT 23 5 PLA Z PA 3HE
ThHb. FlEEEATAAURICL, BIEBIZZRT
PR 24T ) FETh IS 2 — MR R T uHsn
WBISETHZENTEL. LI LIOFEIIL AR
EFMERELET L7720, BEOY YTV E ERGE§
BHIEHE L v, MRGEILEA L, M ET 52 L
&(ﬁ L. TO=ZRICHEEEZ B NS 52 L &2
W29 B FHEA E L CTIER S TWw S

ﬁ% EPLICB VTR, BHELOWP P EETH 5.
MRS 7TV O TR ER L, & 37 H, RE,
KTHY, ZNEOMITEOENAEHEOHKD 12
E%oTWwa (4IF 2015 KHS, 2017). fit-> T,
HMAZH LB, Mk 5SROV IRE Ok
R, HMITROE K Z SR OB EI IR 5 #E A
WEENS. 20114E12Scale A B T M TLLE (Hama et
al., 2011), CUBIC (Kubota et al., 2017 ; Susaki et al.,
2014 ; Tainaka et al., 2014) X CLARITY (Chung et al.,
2013) HDkkx 2 BWALEASHIE S, PR RRSR OB
78 % U TR & kAR O BIHILICISH ShTnb. &
NoOMMEBEE R, FOERSZAT—F VAR ED
U RHEERMTHDL) VAN YT LTH DI
O, fe 2 BRI IZIRARR & 1358 7% 2 HAlr S 7%
5.

AR, NSRS X, B BLEPMEEEELUCID 2 A 5
T, BEOUkL MO ERLIZOWTHE L Oh
PF<F, 2015). AHWFZETIL, LUCID%Z fli> TGFP~ ™ A
DT HB L CHAT ZEZVMLL, e FoEz1T-
7z. F7zCalcein (CL) X°Alizarin Red (AR) % Bj¥yi2#%
535 L, ARACEICERT 52 LAHMOENTWD
u®%ﬁ%ﬂﬁbf,%@%&uﬁ%Tﬁ%?é%#‘
&5, AWFgETld, RPUKOFHIES B X OKBEE %2 EH
b L TCLRARD HOG & $RHEIC L 7245 T HGE AR O fif AT~
DO REEBET L7z,

MR ETE

EE

Fi AL O # T AE 3 3E & L C Caleein (CL  Do-
jindo) & Alizarin Red (AR ; ADGHISE T 3E), EWMLHK
OERHICFA Iy ) — 0 (AT, 7t

S HTBUHLIE D LEAT 12

X %8 & OVHh L o ST AR S AT

T—b (AOGHMEETEE), 27 u—2 (FDEHMEE T,
A4 20400 (=¥ 1) 2V FEBRICHWE
PMERFELUCID T L LUCID2 3=a v 4 Y A5 v 74k
Mot s, —HoFEBRTIZLUCIDL & LTFHF
Iy )=V )ka—n 30 AT HT—Z=20":
40 1 40D, LUCID2 L LCFA YT )= F
Vkm—)b A+ 21 400 (37 EEHEA0%DIEA
F AT 7 FACEWAKER) =451 5 1 50D &
fEH L7,

FEEREN Y

C57BL 6 —Tg (CAG-EGFP) ¥ A (GFP~w A)
BXWddy~ Y 2= o KT MY — (BLBE) » 5 EEA
L7z. GFP~¥w A (5 — 63#MH) IX1gkgdo L ¥ v %
5L, RN RBIOIA Y L TRt ¢, T
HF, HEEBIOKRME AR L. dy~v A (5 -
6 Bin) ICCLZJEMEMNIXS- (20mg/kg) L, €@ 2 Hik
IZARZ NP 5. (40mglkg) L7z, ZOEHIIGFP~
7 A EARRD N BT, SHIAE B X R 2 i
L7z, B aabid [HeilEE EHR A B E Rl e | 125k
D%, [ BEERBRRFEHWERTZRER] OFEL &
T, B EERERFRORBERTT- 72 OKEFS
5508375 3B & UF135%).

H T IV OFE

R ADOHMBEE R L, AEAEKTHRIERIZL %
IRIGRNVLT VT FT1 - 2 QBEE L%, ABA
ﬁm¢f4t@%ﬁbt.—%®ﬁy7wu,v%wF
it K 3 OSTEOSOFT (Sigma—AIdrich) DFFHE - T
O%EDTA& 3HMICRE L THIK L7-. MfkEN1L
WY TN E 4T TR AKITRIE L7, LUCID
TICHETI HIZIE LA, 0%, LUCID2ICEET
1 HBE L%, #LWLUCID 2 (22 E L CEilt - K
FTORAT L 72,

JLAE T L — I — BHISR BLER
YAy (7R 4B, AZP601) HH Vit 1
— 5mm®Bioplast (FAJEALE) % B N—HF ZIZHH L
TR L7288 F x v 3N —12EWILiE (LUCID 2)
iz L, TOHRICERNLLHEZ AR, 512
IN=T T AP, ZoOEBRLMEE SHF v N —
AL L — W —BEMEE Y A 7 24 (Nikon, C1) OH.

BMEEIC Y P LCBIZ 24T o 72, GFPHIEE L UCL
WO BILHTIZ488nm D ik % JHvy, 515nmd /N v K

INAT 4V EF— (CEMEIE30nm) THEGZIE L7, AR
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HOGOBEIIE542nm D ih#E G % H v, 570nmo 1 > 7
AT ANE —THOEE R L2, S LRI
TR 2 HUS L7z BUS L 22RO 3 X OV = Roc i
RO, RN Y 7 b7 = 7 NIC-Elements

(Nikon) # MW7z, fEHILzL Y X Zn s DRI

Nikont:#, Plan APO2x (NA=0.1, WD =8.5mm),
Plan APO 4 x (NA=0.2, WD=15.7mm), Plan APO 10x
(NA=0.45, WD=4.0mm), Plan APO 20x (NA =
0.75, WD=1.0mm), Plan Apo LWD 25x (NA=1. 10,
WD =2.0mm), Plan Apo TIRF 60x (NA=1.45 WD=
0.22).

] £

1. THOEHL

M 1ICRIEDOTE (K 1A), REJKTEWLL 72
TH (KW1B), BUKLTHSEWLZFH (K1C)
OHVBIERT. BB %2 831 TEPL L2 FHTIE,
TEFIEBIK U T E FSEICET LS zas, BUKL
72 O LI LTI RHBIEIL S e Wil ok
& CBRAF L7z BURBRISEIML L 72 P22 4
BV, BROBETHE- &0 EMEETE 2. Hl
EUIIE R ) BVEE AR L7228, YIRS H B o Hh
DERICEIL S MR W25 b h/z. F 72LUCID
&, NAEERAT LIRS EEE B0, MEICE T
NaMmEkLzRD N7 (K1B, 1C).

BRI BV L72GFP~ 7 A FHHOME SR L — ¥ —
SHMSE B OFE R A 2 1R, BWGFPEDEDS, Hid
Bl E OIS 2MRE TR O (M2A, 2
B, 2C). FHMTIX, MHIIZIRVIDLSBIE I N
(2D, 2E, 2F). YHHBTIEERERICE > THidin
5T F A NGB THO 2 LM L Bbh s
AR cE 2 (M2G, 2H, 21). F8961%0

E1 GFP~” A FFHDOEWL
RIHDO T (A), REUKTEPLI L 72T (B), 10%EDTATHIUKZIEPLALI L 2T (C) D4 &
N A& DL HsR 0 55 A7

5 Z OMERKEED B & MO M0 5T
CEDER I N SHRD S 3R HE O T D&
WD LAY (M1 C), G5 h oMl i 25T
WTEAREDENETH -7 (M 2H).

2. GHIAE OEIL

GFP~ 7 ZADRUHOHTHE (KM 3A) &RBIKTE
H(L L 72BHTEE (K 3B) %ILEKs % &, BHIEFIIBIK
L THHacElfbs e, L — 5 — B
FECTEIET DL, EBRIGIC X - TH/INEDSIIRIC BT
&, TOWPIHAET MO EE R S =28 (K
3C, 3D, 3E), GFPHLTHMIEDZEDBILHIIN
HThH o7z, NA=1 5O EHEMEE (TIRF) 60k
LY ATRISET 5L, E#igs X HOBG Tafilnose
erPRIcBigEcE (M3F 3G, 3H).

3. CLRARIZ X K LD BigE

M 43CLZHE L, #®2 HERIZARZ &S L 72ddy
< ZAOHEEF OGS TG (M4A) &, ZOFHEE
G PR LC100 pm AR EDRE S K1 E T% 1 umH
WU L2 TG e diigcdh b (XM4B-G).
ZNOHOWBEEFERTERTHEEELMEL (K4
H). BETEE OEMICCLEALDEDBIE SN, 7254
TiX, CLONMIICARD IR ¥ FHpiggshiz. S5
I oFEBGEEELZWocHEE (K4H) » o305 %
WEMTHICL - T, B L OV £ O VARG 2 1]
BEICBIZET 2HPTE (K41, 4], 4K). H41&
4KITRT X DT, BICHEG L2CLORRTNY v 7D X
DRBIZARDT XY v gt shiz. 88Tk
CLOWNMIZARD T X)) ¥ FABlg sz, ThiZk
0, SHIAE 2SRRGB NN 2 > TR R 2 R
RMERGIRNTICTE L LR ENT.

B 5 1 ZFBkICCLO¥ S 2 HIZICARZ 5L, E0H
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2 EWMLL 72 FHOGFPHEDE

A B C
AB
a H
DP
" D

50 pm

ML — - HMEE T LR (A-C), H (D-F), W (G-
H) o T#% (A D, G) LGFPEDE (B,E H), BXUZhso~— Vi
% (C,F, 1). #1£21213Plan Apo 10x (A, B, D, E) & Plan Apo 20x (G, H) %
L7, AB: Bitlid, DP: til, D: %48 (D).

HICHEE L7zddy~ 7 ADOKBETH 5. KEE D@L
Ui ClE, CLINY ¥ 7 OFEISONIIICART X)) ¥ 7D
JEHABNT (K5A). X5 BIEABRE 5 5 i
EWARL7ZDDOTH 5. Bindh TIEMBARIKE Mk & &
b LIMARDART X)) ¥ FHGERTE 7.

Z =

ARFFETIEHHEILAIETH 5 LUCIDZ - T,
e EO T, BIEE, KEE2EWtL, GFPIvL%
il > TR O JE PR 0 55 LA R AR Y O ML o> 5%
HUEETHL I L EPLMII L FREEFTIZBNT
&, BUKEAEE LISEWLTE 2285, AR
AT HCLRARZE i o 72 FHIRALER D W AHALIZ b FIH T
EDL T EARENT. HLESL - BB O I
EoT, WHEERT S Z LR v VB2
VT CERITHEE OFFNT ST RE T o 72, T OHA & FIH
L, 2H Mo MEZ 2207 TG L 72CLE ARDHEED =k
JOMEED &, BHIHE R KBGO EEZ S IEHIT %
CTENTED I EDIRENTZ. ARALERICIEAS T % 406
fF 2 1E, S JH w7zCcL (Calcein Green) % AR

(Red) Z/MZ T, Calcein Blue, Calcein violets1 5T
BY, InSx2fHTLIEICLST, BEEOLY G
M7 FRAT AT B 22 B LIRS B

TEALRR 2 Y& 9IS 3 5 2B ETIE, MifgE
OB T 2L v AOBIRPEINI % 5. iR
DOBIZIZIE, BOBDSKEVL Y XBUETH L. ik
MICHW LN TWAH40-100f5 DR L~ 1%, B
P51, 3= 1. A TGS 13 W A EE S EEAY0. 2 - 0. Smm &
v, RN ETE L5 WIkMRIE, BRI N—T T R
A SHEL I EMNTE LY, MMk E1X, &
IN= I T AN H S B — O L BT E 2o\,
RN L2 P2 BTHS ThiE, EEsEo s
WL Y X flio 72BIEDWRETH 5 2°, HEAHEE 2 # 2
LEBOBEITE R VITREREILETH L. —H,
SR OmmE A KNS5 A4 54 7L v X%l
H TR RETH 225, BITED0. TIRED
Ly AT, MRS o LS WEETH - 72
AWFZETIE, T o OREZ IS 5k E L T258
KiZ L ¥ APlan Apo LWD25x (NA=1.10, WD=2.0
mm) ML KRV YR, KRGSy Fo 5>
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X3 GFP~ 7 ATATEY O&EWHAL
FHOFHTAY (A), REIKCEPLLE L -3HTHE (B) OBl

K (F-H) OWMHT#% (C, F) LGFPiE (D, G), BLXUZFhbn~v—Y
W% (E, H). Bi%51213Plan Apo 20x (C, D) &Plan Apo 60x (F, G) ZMiH L

7z.

T EOBRAEN R FTICHoNE L Y A TH
5. BAOEDHBIKE WS, 7 AEMEHTT 572
DIZHEEEEED 2 mmARE IR S hTw b, BRIz, &
AWz L v &, OB 1EREEEFIE TS
D, BEOL ALY —Hh)REWD, HTLIHE
GAT—VEELSTIT YT —PLETHE. ZOL
YAV BHZEIZEY, BEIEICB T S ARIEDO=R
TOME 1% % B IRAREE Tl AL AT BB IS 72 o 72

B DT 2 MEEILEAR 121X, BATHIES
M 7-Scale (Hama et al., 2011 : Hi& 5, 2017) *CUBIC
(Susaki et al., 2014) Z/mz T, BABB (Dent et al.,
1989), 3 DISCO (Becker et al., 2012), SeeDB (Ke et
al., 2013), CLARITY (Chung et al., 2013) *SWITCH
(Murray et al., 2015) 7 EDFEPRH SN TW A, Scale
R CUBICIZIZKBEMHEALED LN TB Y, W
fiffECHNESY v 7 BHORBLH P L HTH
%, REFFECMM L7ZLUCIDIE, ¥4 Y15 ) — ),

ry)ku—), Aru—R%EERGELTLEHLETD
5. MW ENTWACUBICE Lk 5 & K (2 -
3H) TOEWULAWHEETH Y, Triton5: o> F i i 14 #
o i AOEARYAR ST k- 1) AT R/l SNRUR ARV PR
T 5.

L4, BABBE % % L 72 modified Murray’s i% %
PEGASOS#H: % fifi o THEAHE & Z WML L 72 FEH3 il &
NTw5 (Hong et al., 2019 ; Jing et al., 2019). 215
D ETIIABHAMEHT 5 2 & CHhBEWE V&R
REBTEX LI, I VoIE, Bk a8084
YR O, REOREML EOREITEHINT
W5, F72PEGASOS#:TIE, 20%EDTAIC & % ik 28
VETHB720, CLRARZ fli- 72 EEBRIZIEIAME TH
B, =0, KEEOF S A TER L FifRkZ o
CUBICTIX, HOBEWHLITE R wEEbh T
A, FEBRIZIEH 2 BREOEWLIETRTH S, 4,
HMREAL2NEH S, ke 2 ER R O L 722 i g

(111)



34

AH BEE S HBARE AT X 2 s & OV LR o N7 AR AT

4 ddy~ 7 AFHTHY O Calcein & Alizarin Red D #t

Calcein (CL) #%4-2 Hf2lCAlizarin Red (AR) Z¥#%5-L, ZOHFHIZEE L72ddy~ 7 A DETEE D5
T#% (A). BEIESOEBD S100um DL £ TOHEBLOMS T ¥4 & 4061% % 1 um Bk TS L 72
~—VHif§ (B-G) Z#flio CEWItHifE (H) 2% L7z. /SR VB-GIL, /SR IVHD iR LA 5, 10um
(B), 20um (C), 30um (D), 60um (E), 75um (F), 90um (G) DAL OWEAERT. HDOHMHT ¥
BEMEHKE LG (1) &, ZREERESETEIAO M, S R =RocEE (1, J, K). BZI21Plan
Apo 10x (A) &Plan Apo TIRF 60x (B-F) %M L7-. AB: i

600 pm

5 < 2K D Calcein & Alizarin Red D Ht
Calcein (CL) #%5-2 Hf2lZAlizarin Red (AR) Z#45-L, ZOHBHICEE Lz~
ADOKIEE (FB) #ALMGDEE A S K1, 5mmD i T T oIk 095145 %2 10pmiE
W CHUS L, NS 2flio TR L-ZWocHiE (A). AD AN S ORI 5%
200umD IO HOGIE % S umH B THA L, N6 2o THESE L 72 Z R TE g
(B). KED : HWGEBOART XY ¥ Flg, KU JUKEKE MLk & Bbh ko
ART N1 ¥ 7. BIEIZIZPlan Apo 2x (A) &Plan Apo LWD 25x (B) ZfliJfl L
7z,
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(Berke et al., 2016) <#&# (Jing et al., 2019) A3FEFHE S
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Abstract

The objective of this study is to analyze the distribu-
tion and frequency of oral Veillonella species isolated
from saliva of the children with different oral hygiene
status in Hokkaido, also the phylogenetic study oral
Veillonella species. The 18 children consisted of 10
males and 8 females, ranging from 4 to 13 years of
children in age were divided into two groups. The first
group (good oral hygiene) was composed of 9 children
(3 males and 6 females) with the Simplified Oral Hy-
giene Index (OHI-S) scores of 0-1.2. The second
group (moderate oral hygiene) was composed of 9 chil-
dren (7 males and 2 females) with OHI-S scores of 1.3
-3.0. Veillonella isolates were identified at the species
level using one-step PCR with species—specific primer
sets. In addition, phylogenetic analysis based on 16S
rRNA, rpoB and dnaK gene sequences for the un-
known strains were used in this study. Our results indi-

Introduction

The most common childhood oral infectious disease is
dental caries caused by biofilm on the teeth and gums sur-
face. It is estimated to occur five times more often than the
second most common childhood illness, asthma (Peterson et
al., 2013). Therefore, it is essential to understand more fully
the mechanisms of cariogenic strain activity based on the
biofilm formed by the microbial, which may be applied in
the prevention and early diagnostics of dental caries in chil-

cated that V. rogosae and V. atypica were higher in
good oral hygiene group. Meanwhile, V. dispar had
been higher significantly as the oral hygiene status de-
creased. In contrast, the detection rates of V. parvula
lower significantly in good oral hygiene group as the
oral hygiene status decreased. Furthermore, phyloge-
netic analysis of 16S rRNA, rpoB and dnaK gene se-
quences of unknown strains from the saliva samples
suggested novel species of the genus Veillonella in the
oral cavity of children. In conclusion, the results of this
study indicated that changes in number of some oral
Veillonella species in the saliva of Hokkaido children
could serve as an index for deteriorating oral hygiene
status. In addition, the present study indicated the possi-
bility of a number of novel Veillonella species in the
oral cavity of the children.

dren.

Oral biofilm have three—dimensional structures, consisting
of bacterial species anchored to solid surfaces such as tooth
enamel, tooth roots or dental implants (Zijnge et al., 2010).
These biofilm also consist of proteins from the saliva (Hu-
ang et al., 2011). Saliva is recognized as pool of biological
markers that consist of biochemical molecules, such as
DNA, RNA and proteins, also the structure of microbiota
(Zhang et al., 2016). Furthermore, saliva plays an important
role in preventing the microbial imbalance and maintaining
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health in oral cavity (Mandel, 1989 ; Dawes et al., 2015).

It was reported that Veillonella species has a central role
in oral biofilm formation as an early colonizer with Strepto-
coccus species reported as initial colonizer for establishing
multispecies oral biofilm communities (Periasamy & Kolen-
brander 2010 ; Li et al., 2004 ; Kreth et al., 2005). Crielaard
et al. (2011) demonstrated that the relative abundance of
Veillonella species in saliva increased from deciduous to
permanent dentition. Additionally, in the case of dental car-
ies, oral Veillonella species has been found in the entire oral
cavity, comprise as much as 10% of the bacterial commu-
nity initially colonizing the enamel (Chalmers et al., 2008).

The genus Veillonella consists of small, strictly anaerobic,
gram—negative cocci lacking flagella, spores, and capsules,
and they are characterized by their ability to obtain energy
from short-chain organic acids (Carlier, 2015 ; Delwiche et
al., 1985). Currently, 14 species have been established in the
genus Veillonella. From these species, only 7 species (V.
atypica, V. denticariosi, V. dispar, V. parvula, V. rogosae,
V. tobetsuensis and V. infantium) have been isolated from
human oral cavities (Mashima et al., 2016 ; 2018). The main
habitats of the oral Veillonella are tongue biofilm, dental
biofilm, buccal mucosa, and saliva (Arif et al., 2008 ;
Hughes et al., 1988 ; Mashima et al., 2016). Oral Veillonella
has been found in severe early childhood caries (Kanasi et
al., 2010), apical root canals (Baumgartener & Falkler,
1991), and dental tubules (Peters et al., 2001). Additionally,
oral Veillonella are also predominantly found in saliva
(Takeshita et al., 2009) and subgingival biofilm specimens
(Heller et al., 2012) from patients with chronic periodontitis.

Many reports indicated that age, oral hygiene habits, diet
and potentially socioeconomic status might influence the
oral microbiota community structures (Haffajee et al., 2006 ;
Tanwir et al., 2009 ; Belstrgm et al., 2014 ; Theodorea et al.,
2017). In addition, the possibility of having country—, com-
munity—, or family—specific distribution and frequency of
bacteria in oral biofilm associated with life style has been
considered to affect the oral bacterial composition (Splieth et
al., 2016 ; Belstrom et al., 2014). Hence, an understanding
of the composition and ecological events that drive changes
in biofilm composition, from good to poor oral hygiene
status, is required to develop novel preventive strategies to
promote oral health in children.

In this study, therefore, we analyzed the distribution and
frequency of oral Veillonella species isolated from saliva of

the children with different oral hygiene status in Hokkaido.
Furthermore, this study seeks to report the phylogenetic po-
sition and diversity of the unknown Veillonella strains by
phylogenetic analysis based on the 16S rRNA, rpoB, and
dnaK gene sequences.

Materials and Methods

Ethics Statement

The saliva samples used in this study was collected in
Hospital of Health Sciences University of Hokkaido, Aino-
sato, Hokkaido, Japan conducted between 2016 and 2017.
Prior to the experiment, the present study was submitted for
evaluation and approved by the Ethics Committee of Health
Sciences University of Hokkaido under process number
2016-015. Informed consent was taken from all the parents
before the start of the study.

Subjects and Clinical Oral Examination

The 18 children consisted 10 males and 8 females, rang-
ing in age from 4 to 13 years who came to the Department
of Pediatric Dentistry and Preventive Dentistry, Hospital,
Health Sciences University of Hokkaido, Ainosato, Japan
were participant in this study. Children with a history of im-
munosuppression or systemic diseases (e.g. diabetes and
HIV), or had any condition that would require antibiotics for
monitoring or treatment procedures (e.g. heart conditions,
joint replacements), or had mucosal lesions, previous chemo-
therapy, radiation therapy or medications that reduce saliva
flow, and those under treatment with antimicrobials in the
previous three months, were excluded from the study.

The subjects were evaluated by the Simplified Oral Hy-
giene Index (OHI-S) according to the criteria of Greene &
Vermillion (1964) and divided into two groups. The first
group (good oral hygiene) was composed of 9 children (3
males and 6 females) with OHI-S scores of 0-1.2. The sec-
ond group (moderate oral hygiene) was composed of 9 chil-
dren (7 males and 2 females) with OHI-S scores of 1.3-3.0.

Sample Collection and Culture Condition

Stimulated saliva were collected by paraffin chewing for
about 1 min. Subjects were asked to refrain from eating or
having tooth cleansing for at least 2 hours before. These
samples were obtained by collecting whole saliva in a sterile
tube and were transported in an anaerobic box (HIRASAWA
WORKS Inc., Tokyo, Japan), containing 80% N, 10% CO.,
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and 10% H.. Samples were homogenized for 1 min with a
BioMasher®ll (Nippi, Incorporated Protein Engineering Of-
fice, Tokyo, Japan) to disperse the biofilm and were serially
diluted 10—fold with sterile saline from 107 to 10°°.

Aliquots of serial 10-fold dilutions (100 uL) were inocu-
lated in two media agar : Bacto™ Brain Heart Infusion Agar
(BHI, Difco Laboratories, MD, USA) supplemented with 5%
(v/v) defibrinated sheep blood, hemin (10 pg/mL), menadi-
one (5 pg/mL) (BHI Agar), and the selective medium, Veil-
lonella agar (Rogosa et al., 1958). After inoculation, all me-
dia were incubated under anaerobic conditions, with 80%
N,, 10% CO,, and 10% H,, at 37 C ; Veillonella agar was
incubated for 5 days, while BHI agar was incubated for 7
days.

The total number of bacteria in the samples was deter-
mined by counting the total number of colonies on BHI
agar, while the number of Veillonella was determined by
counting the total number of typical Veillonella colonies on
Veillonella agar. Bacterial cells of typical Veillonella colo-
nies were confirmed under a light microscopy after Gram
staining.

Bacterial Strains and DNA Extraction

Genomic DNA extracted from V. atypica ATCC 177447,
V. denticariosi JCM 156417, V. dispar ATCC 17748", V.
parvula ATCC 10790", V. rogosae JCM 156427, and V. to-
betsuensis ATCC BAA-2400" were used as positive control
in PCR.

Genomic DNA was extracted from individual bacterial
cells using an InstaGene Matrix Kit (Bio—Rad Laboratories,
CA, USA). The DNA concentration was determined based
on fluorescence using a Qubit® 3.0 Fluorometer (Invitrogen
life technologies, MA, USA), according to the manufac-
turer’s instructions.

Protocol and Primers for PCR

For genus—level identification, the PCR protocol was
based on the protocols described by Arif et al. (2008) and
Beighton et al. (2008). The PCR products were subjected to
electrophoresis in a 1.5% agarose gel. For species—level
identification, the PCR protocol described by Mashima et al.
(2016) was used. The PCR products were subjected to elec-
trophoresis in a 3.0% agarose gel. After electrophoresis, the
gels were stained with SYBR® Safe DNA gel stain (Invitro-
gen life technologies, MA, USA).

DNA Sequencing and Phylogenetic Analysis

We isolated unknown strains, which showed PCR prod-
ucts with genus—specific primers, but not with the species—
specific primers. Nine of these strains (S9-1, S13-5, S18-5,
S19-4, S24-1, S25-4, S26-18, S28-9, and S31-2 were
chosen to be representatives of all the unknown strains.
Genomic DNA was extracted from individual bacterial cells
isolated from the Veillonella agar using the InstaGene Ma-
trix Kit (Bio—Rad Laboratories, California, USA), according
to the manufacturer’s instructions. Specific primers for the
genus Veillonella (Kolenbrander & Moore, 1992 ; Beighton
et al., 2008) were used for amplification and partial se-
quence analysis of rpoB and dnaK. The PCR products were
sequenced using the ABI PRISM 310 Genetic Analyzer (Ap-
plied Biosystem, CA, USA). The nucleotide sequences were
aligned with each other and analyzed using SEQMAN I of
the LASERGENE program (DNASTAR ver.15.2, WI,
USA). The MEGALIGN programs, including CLUSTAL W
and NJPlot, were used to compare sequences and to recon-
struct the evolutionary tree using the neighbor - joining
method. The sequence similarity values were also deter-
mined with MEGALIGN in the LASERGENE program. The
16S rRNA, rpoB and dnaK partial sequences of the repre-
sentative 9 strains were aligned against the sequences of the
14 established species retrieved from GenBank.

Statistical Analysis

Statistical analysis was examined using non-parametric
Mann-Whitney U test with Bonferroni correction using 1BM
SPSS Statistic V.24.0. p < 0.05 was considered to evaluate
the correlation between the number of oral Veillonella spe-
cies and oral hygiene status.

Results

The saliva samples yielded a high number of bacterial
colonies on the BHI agar. The average number of colony—
forming units (CFU/mL) (£SE) per sample was 9.7 (x4.11)
x 107 with a median of 5.7 x 10" in the good oral hygiene
group (Table 1), and 5.03 (£2.75) x 10° with a median of
1.6 x 10° in the moderate oral hygiene group (Table 2).

Typical Veillonella colonies in the saliva sample were
also enumerated on the Veillonella agar. These colonies
were opaque, grayish—white colonies of 2-4 mm in diame-
ter, regular and slightly domed in shape with an entire edge.
They were small, Gram-negative coccal cells, mainly exist-
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Table 1. The CFU of all anaerobic bacteria on the BHI agar and Veillonella strains on Veillonella agar (detection limit < 0.1% of the
total count). The total of Veillonella isolates identified by the Veillonella genus—specific PCR primer. Each species was expressed as a
percentage of the number of isolates identified by one—step PCR with the species—specific primer sets for each subject (n = 9) from sa-

liva of the good oral hygiene group.

Good oral hygiene with OHIs 0 - 1.2

Subject Total number Isolated Veillonella species
All bacteria  Veillonella spp  Total number V. atypica V. denticariosi V. dispar V. parvula V. rogosae V. tobetsuensis Unknown
Name  Age  Sex CFU/mL CFU/mL (100%) (%) (%) (%) (%) (%) (%) (%)

Gl 10 F 4.80E+07 1.50E+05 15 0 0 0 9 (60.0) 5 (33.3) 0 1 (6.7)
G2 13 F 7.60E+07 3.00E+05 3 0 0 0 1(33.3) 2 (66.7) 0 0
G3 6 M  204E+08 5.00E+06 5 2 (40.0) 0 0 0 1 (20.0) 0 2 (40.0)
G4 6 F 3.52E+08 1.20E+06 12 0 0 4(33.3) 0 8 (66.7) 0 0
G5 12 F 5.44E+07 7.00E+05 7 2 (28.6) 0 1 (14.3) 0 0 0 4 (57.1)
G6 7 M 1.96E+07 1.70E+05 17 0 0 10 (58.8) 0 4 (235) 0 3(17.7)
G7 5 F 6.00E+07 1.80E+05 18 0 0 0 3 (16.7) 4(22.2) 2 (11.1) 9 (50.0)
G8 6 F  270E+07 2.00E+06 20 2 (10.0) 0 3 (15.0) 4 (20.0) 9 (45.0) 0 2 (10.0)
G9 8 M 3.20E+07 1.70E+02 17 3 (17.6) 0 4 (23.5) 1 (5.9) 8 (47.1) 0 1 (5.9

Table 2. The CFU of all anaerobic bacteria on the BHI agar and Veillonella strains on Veillonella agar (detection limit < 0.1% of the
total count). The total of Veillonella isolates identified by the Veillonella genus—specific PCR primer. Each species was expressed as a
percentage of the number of isolates identified by one—step PCR with the species—specific primer sets for each subject (n = 9) from sa-

liva of the moderate oral hygiene group.

Moderate oral hygiene with OHIs 1.3 - 3.0

Subject Total number Isolated Veillonella species
All bacteria  Veillonella spp  Total number V. atypica V. denticariosi V. dispar V. parvula V. rogosae V. tobetsuensis Unknown
Name Age Sex
CFU/mL CFU/mL (100%) (%) (%) (%) (%) (%) (%) (%)

ML 4 M T7.40E+08 1.60E+06 16 0 0 0 12 (75.0) 3 (18.8) 0 1 (6.3)
M2 8 M T7.92E+08 1.30E+06 13 0 0 0 9 (69.2) 1 (7.7) 1(7.7) 2 (15.4)
M3 10 F 2.48E+08 6.00E+07 6 0 0 4 (66.7) 0 2 (33.3) 0 0
M4 8 M 2.08E+08 2.00E+07 20 0 0 0 10 (50.0) 0 0 10 (50.0)
M5 8 M 4.40E+07 1.60E+07 16 1 (6.3) 0 0 12 (75.0) 0 0 3 (18.8)
M6 5 M 8.00E+07 1.50E+07 15 0 0 0 4 (26.7) 11 (73.3) 0 0
M7 5 M 1.20E+06 1.90E+04 19 0 0 0 0 11 (57.9) 0 8 (42.1)
M8 6 M  110E+08 2.00E+05 20 2 (10.0) 0 1 (5.0) 5 (25.0) 10 (50.0) 0 2 (10.0)
M9 8 F 2.30E+09 1.50E+07 15 5 (33.3) 0 1 (6.7) 1 (6.7) 7 (46.7) 0 1 (6.7)

ing as single cells, although some short chains were visible.
The detection limit was < 0.1% of the total colony count.
Oral Veillonella species were detected in all subjects from
all oral hygiene groups (Tables 1 and 2).

The average number of colony—forming units (CFU/mL)
(£SE) of Veillonella species per subject was 1.1 (£0.60) x
10° with a median of 5.0 x 10° in the good oral hygiene
group (Table 1), and 1.4 (+1.00) x 10" with a median of 6.9
x 10° in the moderate oral hygiene group (Table 2).

From the good (9 subjects) and moderate (9 subjects) oral
hygiene groups, 114 and 140 isolates, respectively, were
identified as Veillonella species using PCR with the genus-—
specific primer set (254 isolates in total). Using the one-step
PCR method with species—specific primer sets, 205 out of
254 isolates were identified as either V. atypica, V. denti-
cariosi, V. dispar, V. parvula, V. rogosae, or V. tobetsuen-
sis (Tables 1 and 2). Of the 114 isolates from the good oral

hygiene group, 9, 22, 18, 41, and 2 isolates were identified
as V. atypica, V. dispar, V. parvula, V. rogosae, and V. to-
betsuensis, respectively. In addition, 8, 6, 53, 45, and 1 iso-
lates from the moderate oral hygiene group were identified
as V. atypica, V. dispar, V. parvula, V. rogosae, and V. to-
betsuensis, respectively. However, V. denticariosi was not
detected in the both oral hygiene groups.

Figure 1 shows the ratio between the total number of each
Veillonella species and the total number of Veillonella iso-
lates in the good and moderate oral hygiene groups. V. ro-
gosae was the predominant species detected in all groups. In
addition, the number of V. rogosae higher in good oral hy-
giene groups than in moderate oral hygiene group, but not
significant ; its detection rates were 36.0% and 32.1% in the
good and moderate oral hygiene groups, respectively (Fig.
1). Similarly, the detection rates of V. atypica was higher in
good oral hygiene group than in moderate oral hygiene
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group, but no significant difference ; its detection rates were
7.9% and 5.7% in the good and moderate oral hygiene
groups, respectively (Fig. 1). Except, the ratio of V. dispar
was higher significantly in good oral hygiene group than in
moderate oral hygiene group as the oral hygiene status de-
creased ; its detection rates were 19.3% and 4.3% in the
good and moderate oral hygiene groups, respectively (Fig.
1). In contrast, the detection rates of V. parvula lower sig-
nificantly in good oral hygiene group than in moderate oral
hygiene group as the oral hygiene status decreased ; its de-
tection rates were 15.8% and 37.9% in the good and moder-
ate oral hygiene groups, respectively (Fig. 1). V. tobetsuensis
was detected in only two subjects of the good oral hygiene
group, and in eight subjects of the moderate oral hygiene
group (Fig. 1).

Among the 254 strains isolated in this study, 22 isolates
from 7 subjects in the good oral hygiene group and 27 iso-
lates from 7 subjects in the moderate oral hygiene group

(%)
45
40
35

30 *
25

V. atypica V. denticariosi V. dispar

OGood Oral Hygiene

: - |

V. parvula

were not assigned to any oral Veillonella species (49 isolates
in total). The number of unknown Veillonella isolates in the
good and moderate oral hygiene groups were similar.

In the phylogenetic tree constructed using 16S rRNA gene
sequences, the representative of 9 unknown strains formed
distinct taxa with a robust bootstrap support (71.9%) against
the 14 established Veillonella species (Fig. 2). The sequence
similarity among these representative strains was 91.2 -
99.5%, and they were closely related to V. dispar.

In the phylogenetic tree constructed using the partial se-
quence of rpoB gene, the representative of 9 unknown
strains formed distinct taxa with a robust bootstrap support
(93.1%) against the 14 established Veillonella species (Fig.
3). Among the 9 unknown strains, strains S13-5 and S19-4
were found to be closely related to V. infantium, which has
been suggested as a novel species in a previous study
(Mashima et al., 2018)

In the phylogenetic tree constructed using the partial se-

I |

V. rogosae

] c——

Unknown
species

V. tobetsuensis
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Figure 1. Mean and standard deviation of percentages of Veillonella species isolated from all samples (n = 9) in the good
oral hygiene group and moderate oral hygiene group (n = 9). Significant difference in detection rates of V. parvula and V.
dispar isolates based on oral hygiene status (using the Kruskal-Wallis H-test post hoc Mann-Whitney U test with Bonfer-

roni correction * p < 0.05).
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Figure 2. Neighbor—joining tree based on 16S rRNA gene sequences (1501-1562 nt) showing the relationship between the 9
unknown Veillonella strains and the type strains of the recognized members of the genus Veillonella. GenBank/EMBL/DDBJ
accession numbers for 16S rRNA gene sequences are given for each strain. Bootstrap values are indicated at corresponding

nodes.
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Figure 3. Neighbor—joining tree based on rpoB gene sequences (604-657 nt) showing the relationship between the 9 unknown
Veillonella strains and the type strains of the recognized members of the genus Veillonella. Bootstrap values are indicated at
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Figure 4. Neighbor—joining tree based on dnaK gene sequences (548-640 nt) showing the relationship between the 9 unknown
Veillonella strains and the type strains of the recognized members of the genus Veillonella. Bootstrap values are indicated at

corresponding nodes.

quence of dnaK gene, the representative of 9 unknown
strains formed distinct taxa with a robust bootstrap support
(56.8%) against the 14 established Veillonella species (Fig.
4). Among the 9 unknown strains, strains S31-2 was found
to be closely related to V. infantium with 98.4% of sequence

similarity.
Discussion

As shown in Tables 1 and 2, the CFU count of all the
bacteria, including the oral Veillonella, in saliva was associ-
ated with oral hygiene status. In fact, oral Veillonella spe-
cies were twice more likely to be detected in a subject with
moderate oral hygiene than in one with good oral hygiene.

In the previous study (Theodorea et al., 2017), we had in-
vestigated the distribution and frequency of oral Veillonella
at the species level in saliva of children (107 Thai children ;
51 males and 56 females ; aged 7-15 years) based on oral
hygiene status. We had detected Veillonella species in 101
out of the 107 subjects in the three oral hygiene groups ; and
the total number of Veillonella isolates was 1609 from the
101 subjects (Theodorea et al., 2017). Similar with the pre-
sent study, Veillonella isolates in the saliva samples were

detected in almost all subjects from the good and moderate
oral hygiene groups, and the total number of isolates was
254 from 18 subjects. However, Mashima et al. (2016) re-
ported that, when oral Veillonella species were isolated from
tongue biofilm, only 10 out of the 89 subjects (11.2 %) de-
tected as Veillonella species. Thus, oral Veillonella species
were easier to detect in the salivary specimen than that in
tongue biofilm specimen. It has been suggested that the ma-
jority of salivary bacteria were washed off the tongue sur-
face (Gibbons et al., 1964).

This study showed that V. rogosae was one of the pre-
dominant species in saliva samples from all oral hygiene
groups of Japanese children. Similar with previous study,
that V. rogosae was the predominant Veillonella species iso-
lated from saliva of Thai children (Theodorea et al., 2017).
Beighton et al. (2008) had investigated the predominant cul-
tivable Veillonella species in tongue biofilm of healthy
adults in the UK (11 subjects ; gender and age were not re-
ported), and found V. rogosae as one of the predominant
species. Based on the results of previous studies and the pre-
sent one, V. rogosae is the predominant species of oral Veil-
lonella in the saliva and tongue microbiome. In this study,
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V. denticariosi was not isolated from the saliva samples of
all oral hygiene groups. Mashima et al. (2016) and Beighton
et al. (2008) also showed that V. denticariosi did not detect
in any of the tongue biofilm specimens. Therefore, V. denti-
cariosi might be the least common oral Veillonella species
in the saliva and tongue microbiome. These observations re-
vealed that the oral Veillonella species composition in the
saliva were closely resembled that in the tongue biofilm.

The present study investigated the distribution and fre-
quency of six oral Veillonella species in saliva samples
stratified by oral hygiene status. Interestingly, we found that
the number of V. rogosae in the saliva was higher in good
oral hygiene group than in moderate oral hygiene group
with the oral hygiene status decreased, but not significantly.
Similarly, Arif et al. (2008) had detected V. rogosae only in
the carious—free lesions of dental plaques. These data indi-
cated that an oral cavity with good hygiene status might be
a suitable environment for V. rogosae.

In addition, the number of V. atypica and V. dispar in the
saliva were higher in good oral hygiene group than in mod-
erate oral hygiene group as the oral hygiene status de-
creased. However, in our previous study (Theodorea et al.,
2017) there was no significant difference between detection
rates of V. atypica and V. dispar isolated from saliva of
Thai children. Meanwhile, V. tobetsuensis was detected in
only 2 subjects (Table 1 and 2). V. tobetsuensis was de-
tected in one out of nine subjects (1.8%) of the good oral
hygiene group and in one out of nine subjects (0.7%) of the
moderate oral hygiene group (Tables 1 and 2). The ratio be-
tween the number of subjects with V. tobetsuensis was
higher in good oral hygiene group as the oral hygiene status
decreased. However, in our previous study (Theodorea et al.,
2017), the ratio between the number of subjects with V. to-
betsuensis and the total number of subjects of each group
increased slightly with decreasing oral hygiene quality of
Thai children. We therefore suggested that these differences
between the studies were likely due to differences in geo-
graphical location, age, diet, lifestyle, and socioeconomic
status, all of which might have roles in defining the compo-
sition of the oral Veillonella community. Therefore, further
studies are needed to investigate the distribution and fre-
quency of oral Veillonella species in the saliva of children
in other countries.

The number of V. parvula in the saliva was lower signifi-
cantly in good oral hygiene group than in moderate oral hy-

giene group as the oral hygiene status decreased. Interest-
ingly, this data is consistent with our previous study (Theo-
dorea et al., 2017), also V. parvula was frequently detected
in active occlusal carious—lesions (Arif et al., 2008) and
periodontal pockets (Mashima et al., 2015). These data sug-
gested that a suitable environment for V. parvula was oral
cavities with poor hygiene status. However, there are limited
report about the roles of V. parvula in infectious oral dis-
eases especially dental caries and periodontitis. Thus, it
would be investigated in the future.

Out of the 254 isolates, 49 (19.3%) could not be assigned
to any of the six known Veillonella species through one-
step PCR with the species—specific primers, although they
were confirmed as Veillonella species. Theodorea et al.
(2017) had reported that 167 (10.3%) of the 1609 Veil-
lonella isolates from saliva of the children could not be
identified as any of the six known oral Veillonella species.
These results indicated the presence of unknown Veillonella
species in the human oral cavity.

In the phylogenetic analysis with 16S rRNA, rpoB and
dnaK gene sequences, the 9 representative strains of the 49
unknown strains were compared to the 14 established Veil-
lonella species (Mashima et al. 2018). The constructed phy-
logenetic tree revealed that these 9 strains formed distinct
taxa within the established Veillonella species. Although two
strains, S13-5 and S19-4 were found to be closely related
to V. infantium based on the rpoB gene, and one strain was
found to be closely related to V. infantium, the remaining
strains were distinct from them and from the established
Veillonella species based on dnaK gene. Thus, the phyloge-
netic analysis with partial rpoB and dnaK sequences sug-
gested that these unknown Veillonella isolates were tax-
onomically heterogeneous and were likely novel Veillonella
species (Fig. 3 and 4). However, biochemistry analysis will
be needed to definitively establish a novel species in the ge-
nus Veillonella (Sato et al., 1997 ; Marchandin et al., 2003 ;
Byun et al., 2007 ; Arif et al., 2008 ; Mashima et al., 2018).

Conclusion

This report is the first to demonstrate that the distribution
and frequency of the oral Veillonella species in saliva asso-
ciated with oral hygiene status in Hokkaido children, as de-
termined by a one-step PCR method using species—specific
primer sets. The results of this study indicate that changes in
number of some oral Veillonella species in the saliva might
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serve as one of the index for deteriorating oral hygiene
status. These results may provide a useful indicator of oral
hygiene status, which can prevent further deterioration.
However, as described above, further studies of various
country— and age—specific cohorts are needed, including dif-
ferences in intra—oral cavity isolation sites, to explore the
distribution and frequency of oral Veillonella species in the
context of oral hygiene status. In addition, the distribution
and frequency of oral Veillonella species isolated from sa-
liva in other countries will be investigated in the near future.

In this study, phylogenetic analysis indicated novel oral
Veillonella species in the oral cavity of children. This study
showed a new perspective on oral biofilm communities in
early stages of development, which be investigated by dis-
covering the novel Veillonella species. In addition, these re-
sults may lead to a better understanding of the ecological
succession and intricate relationships of bacteria associated
with oral biofilm formation that cause many human oral in-
fectious diseases.
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Abstract

An osteoma is a common benign osteogenic tumor of
the mature bone. Osteomas are occasionally found in
the paranasal sinuses and maxillary sinus osteoma con-
stitutes 5% of them. Most of the cases of osteoma are
asymptomatic and found incidentally during other den-
tal treatment procedures. Herein, we report a case of an
osteoma in the left maxillary sinus of a 44-year—old
Japanese woman. The osteoma was invisible in the
panoramic radiogram but computed tomography images
revealed a bony growth arising from the lateral wall of
the left maxillary sinus. The lesion was excised via the
Caldwell-Luc approach. On histopathological examina-

Introduction

Osteomas are benign osteogenic lesions originating from
compact or cancellous bone cells (Bodner et al., 1998) and
are commonly seen in the craniofacial, mandibular, and na-
sal regions. Occasionally they can be found in the paranasal
sinuses ; only 5% of the osteomas have been located in the
maxillary sinus (Moretti et al., 2004 ; Verma et al., 2012).
Most osteomas are asymptomatic and found incidentally by
dental practitioners during routine imaging studies or other
treatment procedures (Al-Sebeih & Desrosiers, 1998 ;
Verma et al., 2012). Herein, we present a case of an o0s-
teoma that was incidentally discovered in the left maxillary
sinus, and discuss its clinical and histopathological features

tion, most of the tissue was composed of dense lamellar
cortical bone and other medullary components with in-
tervening fibrofatty and hematopoietic marrow ele-
ments. The case was diagnosed as an osteoma of the
maxillary sinus. A review of all cases of maxillary si-
nus osteomas published in English literature until now
resulted in the identification of 81 cases. An analysis of
the clinical characteristics, treatment procedures, and
follow—up of all these cases revealed that the osteoma
generally presented as a slow-growing mass with no
recurrence.

along with the treatment strategies involved based on a re-
view of the literature.

Case presentation

A 44-year-old Japanese female presented at the Health
Sciences University of Hokkaido Hospital with a chief com-
plaint of pain and a feeling of pressure in the lower-left
posterior region in the jaw for the past two months. She also
complained of a clicking sound and locking while moving
the lower jaw. A deviation in the facial asymmetry toward
the right side was observed on extra—oral examinations
(Fig.1a). Computed tomography (CT) images showed tem-
poromandibular joint (TMJ) deformities on both sides. Fur-
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Figure 1. Clinical and Radiological features of the patient. (a) Pre—operative image of the patient showing facial asymmetry due
to TMJ disorder. (b) Axial view of the CT showing a hinge-like bony mass arising from the lateral wall of the left maxillary si-
nus. (c) Panoramic radiogram showing no changes in the left maxillary sinus.

thermore, a ridge—like high density mass, similar in density
to normal cortical bone, was seen in the lateral wall of the
left maxillary sinus (Fig.1b). Intra—oral examinations re-
vealed swelling and tenderness around the mandibular left
molar area. Radiographic examinations showed periapical ra-
diolucency around the root of right mandibular first molar
and left mandibular second molar (Fig.1c).

A clinical diagnosis of osteoarthrosis of TMJ, maxillary
sinus osteoma and periapical abscess was made. Based on
the above diagnoses, Le Fort | and Caldwell-Luc procedures
were performed for the osteoarthrosis of TMJ and the maxil-
lary sinus mass, respectively, under general anesthesia. The
resected mass was bony hard measuring 1.1cm x 1.0cm x
0.7cm and was mounted for histopathological examination.

(126)



The Dental Journal of Health Sciences University of Hokkaido 38(2) 2019 49

=)

I l.I"I-
i 7 '
|
!.
|'-c..
a
e o

Figure 2. Histological examination of the resected specimen. (a) Microscopic image demonstrating dense lamellar bone with
abundant fibrous tissue characterized by a mature compact bone. (b) Magnified image showing multiple vital osteocytes which

signifies healthy living bone tissue (hematoxylin—eosin stained).

The patient is doing well for 3 years after surgery and no re-
currence of osteoma has been reported to date. Prior to the
above surgery, the periapical abscesses of mandibular molars
were endodontically treated.
Histopathological findings

Bony tissue was removed from the left maxillary sinus
and histopathologically examined. Most of the tissue was
composed of dense lamellar cortical bone and medullary
components with intervening fibrofatty and hematopoietic
marrow elements. Each bone lacuna was occupied by an os-
teocyte, and there was no evidence of malignancy in the
samples (Fig.2). Based on these findings, the lesion was di-
agnosed as osteoma.

Discussion

Osteomas are benign, slow—growing lesions that arise due

to the proliferation of cancellous or compact bone
(Viswanatha, 2012). It is occasionally found in the paranasal
sinuses, particularly, the ethmoidal and frontal sinuses. Less
frequently, these lesions are found in the maxillary and
sphenoid sinuses. Osteomas can be classified as central, pe-
ripheral, and extraskeletal (Bodner et al., 1998 ; Longo et al.,
2001 ; Dalambiras et al., 2005), based on their relation to the
attached bone. The central osteoma arises from the endosteal
bone surface, whereas the peripheral osteoma originates
from the periosteum attached to the cortical plate ; the ex-
traskeletal osteoma grows as a soft lesion in the vicinity of
the muscles (Atallah & Jay, 1981 ; Bodner et al., 1998 ;

Saratziotis & Emanuelli, 2014). The present case of maxil-

lary sinus osteoma is a peripheral type. The pathogenesis of
osteoma remains poorly understood. However, the three po-
tential theories — traumatic, infectious, and embryological
causes — are most commonly accepted (Atallah & Jay,
1981 ; Kashima et al., 2000 ; Boffano et al., 2012). The trau-
matic theory explains osteoma as a reactive osteogenic proc-
ess that activates the abnormal development of the bone fol-
lowing minor trauma. The infectious theory suggests that
chronic inflammation may induce bone turnover, which re-
sults in abnormal bone development. The embryonic theory
suggests that osteoma formation might be due to the stimu-
lation of the embryological remnants (Viswanatha, 2012).
Together, these factors might generate an osteogenic process
leading to the formation of the bone. In particular, the max-
illary sinus is a susceptible area for trauma or infection via
the maxillary teeth or the nasal cavity (Bodner et al., 1998 ;
Moretti et al., 2004). The patient in this case report had no
history of known trauma or infection in the concerned re-
gion ; therefore, the cause of this condition may be attributed
to embryological or developmental reasons. Multiple osteo-
mas, mostly in skull bone can be related to Gardner’s syn-
drome (Gardner & Plenk, 1952).

A total of 81 cases of maxillary sinus osteoma have been
reported in the English literature to date (Table 1). Osteomas
can affect the patient at any age, ranging from 9 to 74 years
(mean age, 34.7 years). Most affected age is third decade of
life (Table 1). Previous study has been reported that osteoma
in maxillofacial area is more common in young adults

(Sayan et al., 2002). A couple of other studies in maxillofa-
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Table 1: Summary of clinical characteristics of patients with maxillary sinus osteoma cases reported in English literature.

Authors No. Location Age/Sex Symptoms Size (cm) Treatment Follow up
(Alexander et al., 2007) 3 N/G N/G N/G N/G N/G N/G
43/F Proptosis,
(Atallah & Jay, 1981) 2 N/G 48/M Deteriorating vision N/G Maxillectomy N/G
left MS, Pain and feeling of pressure over the left
(Aydin et al., 2016) 1 inferior portion 21/M cheek 1.5x2.5 Caldwell-Luc approach N/G
(Badran et al., 2018) 5 N/G N/G N/G N/G N/G N/G
(Boffano et al., 2012) 4 N/G N/G N/G N/G All endoscopic procedure N/G
left MS,
(Borumandi et al., 2013) 1 lateral wall 39/M Asymptomatic 2.1 Caldwell-Luc approach No recurrence (1 year)
(Buyuklu et al., 2011) 5 NIG N/G N/G N/G N/G N/G
Endoscopic, Caldwell-Luc
(Celenk et al., 2012) 1 posterior wall 44/M N/G 3.0 approach, septoplasty No recurrence (4 years)
1 N/G 50/M N/G 2.3 Caldwell-Luc approach No recurrence (6 months)
(Cokkeser et al., 2012) 1 left MS 27IM Asymptomatic 0.5x0.3 N/G N/G
right MS, Surgical removal by chisel
(Curkovic, 1951) 1 fulfilled 29/F Swelling include whole maxilla, zygomatica N/G and hammer No recurrence (1 month)
(Dalambiras et al., 2005) 1 right MS 16/F Asymptomatic 2.5x1.5 Intraoral approach No recurrence (2 year)
right MS,
(Edmond et al., 2010) 1 posterior wall 38/F Asymptomatic 2.0 Combined procedure N/G
left MS,
(Fabe, 1949) 1 medial wall 61/M Asymptomatic N/G No treatment N/G
Mild pain, right nasal obstruction and Surgical removal using
(Firat et al., 2005) 1 right MS 15/M bleeding, altered facial sensation N/G rotary instruments No recurrence (14 months)
(Fu & Perzin, 1974) 15 N/G N/G N/G N/G N/G N/G
bilateral MS, Edentulous in the upper jaw, discomfort in 1.0x0.5
(Gondak et al., 2014) 1 lateral wall 65/M the posterior maxilla each N/G N/G
(Jonathan et al.,2009) 4 N/G N/G N/G N/G N/G N/G
left MS, involving
frontal and Weber— Fergusson
(Junior et al., 2008) 1 ethmoidal sinuses 16/M Dacryocystitis and frontal mucocele N/G approach No recurrence (2 years)
right MS, Surgical removal , sub-labial
(Karmody, 1969) 1 anterior wall 52/M Progressive swelling of right cheek 3.8x3.0 incision N/G
(Koivunen et al., 1997) 3 N/G N/G N/G N/G N/G N/G
right MS, Proptosis of the right eye, pain and decreased
(Miller et al., 1977) 1 superior wall 53/F vision 1.8x1.7 N/G N/G
left MS,
(Moretti et al., 2004) 1 anterior wall 24/F Symptomatic, ipsilateral pain in the cheek 2.0x1.0 Caldwell-Luc approach No recurrence (4 months)
(Park & Kim, 2006) 1 left MS 56/F Asymptomatic 2.0x1.0 Caldwell-Luc approach N/G
(Righini et al., 2009) 1 left MS 29/M Symptomatic, MS distortion N/G Rouge-Denker technique No recurrence (5 years)
left MS,
(Rocha et al., 2011) 1 anterior wall 18/F N/G 3.5x3.0 Caldwell-Luc approach No recurrence (1 year)
left MS-4 M-4; F-2
(Samy & Mostafa, 1971) 6 right MS-2 Age : 9-35 Swelling, epistaxis, nasal symptoms N/G N/G No recurrence (6 months)
left MS, Symptomatic, left sided epiphora and chronic Surgical removal by cutting—
(Saratziotis & Emanuelli, 2014) 1 medial wall 74/M dacryocystitis 1.0 bur drill N/G
right MS, N/G ;
(Sayan et al., 2002) 1 anterior wall F N/G N/G N/G N/G
39/M Both have chronic maxillary sinusitis, facial
(Strek et al., 2007) 2 N/G 51/F pain, postnasal drip N/G Combined procedure N/G
left MS,
(Varboncoeur et al., 1990) 1 floor of the sinus 33/M Asymptomatic 3.0x4.0 Caldwell-Luc approach No recurrence (3 months)
left MS, Endoscopic with Weber—
(Verma et al., 2012) 1 upper part 12/F Displacement of the left eye, double vision Fergusson incision No recurrence (4 months)
left MS,
(Viswanatha et al., 2012) 1 lateral wall 25/M Intermittent localized pain over the left cheek N/G Caldwell-Luc approach No recurrence (1 year)
right MS, Nasal discharge and headache, chronic
1 lateral wall 40/M bilateral sinusitis N/G Endoscopic No recurrence (1 year)
(Woldenberg et al., 2005) 1 N/G 42/M Asymptomatic N/G Caldwell-Luc approach N/G
N/G; Symptomatic, local pressure — 2, pain - 2, Endoscopic-2, Open-2
(Wolf et al., 2019) 6 N/G M-2, F-4  recurrent sinusitis — 3 N/G Combined-2 N/G
right MS,
(Ziccardi et al., 1995) 1 posterior wall 23/M Asymptomatic 2.0x3.0 Trapezoid—-shaped osteotomy N/G

MS : maxillary sinus ; N/G : data not given ; M : male ; F : female

cial region have shown no sex predilection (Swanson et al.,
1992 ; Bodner et al., 1998), whereas other studies have re-
ported either male (Moretti et al., 2004 ; Verma et al., 2012)
or female dominance (Kashima et al., 2000 ; Longo et al.,
2001). No studies have shown the age and sex predomi-
nance of osteoma in maxillary sinus region only. The male
to female ratio of maxillary sinus osteoma in our study is
1.47 : 1 (Table 1). Among the 29 site—specific maxillary si-
nus osteomas identified in the current survey, 17 were lo-
cated in the left maxillary sinus, 11 in the right maxillary si-

nus, and 1 was present bilaterally. Most of the maxillary si-
nus osteomas are asymptomatic (Moretti et al., 2004). The
patient in this case report was also asymptomatic, and the
osteoma was incidentally identified during CT imaging. The
differential diagnosis of an osteoma on radiographic exami-
nation can include paraosteal osteosarcoma, osteochondroma,
and ossified periosteal lipoma (Greenspan, 1993). The differ-
entiation of an osteoma from a paraosteal osteosarcoma can
prove the most challenging because both lesions appear as
ivory—like masses attached to the surface of the bone on the
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radiograph. However, osteomas are well-circumscribed with
distinct and homogeneous sclerotic borders, unlike osteosar-
comas, which show decreased radiodensity at the periphery
and are less homogenous than osteomas (Greenspan, 1993).
The patient in the current study presented with a ridge-like
bony mass arising from the lateral wall of the left maxillary
sinus concomitant with features of an osteoma.

Some symptoms such as headache, facial pain (Saratziotis
& Emanuelli, 2014), sinusitis, and facial asymmetry can oc-
cur (Fu & Perzin, 1974 ; Nielsen & Rosenberg, 2007). Ocu-
lar symptoms like proptosis, epiphora, and diplopia may oc-
cur if the lesion is located close to the orbit (Al-Sebeih &
Desrosiers, 1998). Among the 38 cases with a clinical his-
tory in the current survey, 29 were symptomatic and mainly
included swelling and pain in Table 1. The size of the os-
teoma ranged from 0.5 to 4.0 cm in its greatest dimension,
and definitive treatment included excision of the lesion. The
size of osteoma in this case was 1.1cm in its greatest dimen-
sion and was removed by surgical excision.

The histopathological features of the osteoma include a
dense compact bone along with the absence of the Haversian
system and an abnormal bone structure (McHugh et al.,
2009). These can be classified into several variants based on
the pattern of bone formation. The ivory pattern is character-
ized by the presence of dense lamellar bone with some fi-
brous stroma, while the mature pattern comprises of trabecu-
lae of mature lamellar bone with copious fibrous stroma and
an osteoblastic rim (Sayan et al., 2002 ; Larrea—Oyarbide et
al., 2008). The mixed pattern shows features of both the
ivory (cortical) and mature (sponge, trabecular) patterns
(Dalambiras et al., 2005). Some cases of aggressive osteo-
mas show osteoblastoma—like features and grow rapidly
compared to other osteomas (Fu & Perzin, 1974 ; McHugh
et al., 2009 ; Boffano et al., 2012). However, there are no re-
ports showing the malignant transformation of an osteoma to
date (Swanson et al., 1992 ; Kashima et al., 2000 ; Sayan et
al., 2002). The case presented in this study was diagnosed as
a mature osteoma due to the presence of an abnormal bone
structure and abundant fibrous stroma with some fatty tis-
sues and capillaries.

The only treatment for an osteoma is the surgical removal
of the lesion along with the cortical bone. Surgical treatment
is mandatory for symptomatic osteomas, which can cause fa-
cial disfigurement and loss or limitation of function (Al-Se-
beih & Desrosiers, 1998). Several surgical approaches can

be used for paranasal osteomas ; the Caldwell-Luc proce-
dure is most commonly performed in maxillary sinus. The
endoscopic drill-out procedure is also used frequently for
small lesions (Al-Sebeih & Desrosiers, 1998 ; Moretti et al.,
2004). Asymptomatic lesions do not require intervention in
most cases ; however, the patient should be under periodic
follow-up (Eller & Sillers, 2006). Osteomas in the paranasal
sinuses should be removed when they cover more than 50%
of the inner sinus space (Koivunen et al., 1997). In the cur-
rent report, although the osteoma was asymptomatic, it was
removed using the Caldwell-Luc procedure together with
the Le Fort | procedure for TMJ disorder correction under
general anesthesia. The patient in our case study has not re-
ported recurrence till date. Previous studies also have shown
no cases of recurrences of maxillary sinus osteoma (Table
1).

Conclusion

Herein, we have reported a rare case of an osteoma in the
maxillary sinus and reviewed the literature for its clinical
and histopathological findings.
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Abstract

In deep lying impacted teeth, the most common reason
for the impaction is attributed to the presence of a lesion
such as a tumor or a cyst. However, there are a few cases
reported where there was no particular pathological cause.
The gubernacular canal (GC) is a duct that connects the
tooth follicle with the gingival mucosa and is characterized
radiographically on CT images as a well defined low den-
sity area. It is claimed that this plays an important role in
guiding the tooth during an eruption as GC contains a gu-
bernacular cord (GCo) that is made of fibroblasts and con-
nective tissue. This connective tissue leads the tooth germ
to its proper position in the oral cavity. The absence of or
any abnormality in the GC and GCo can lead to eruption
disorders. Here, a case of an impacted lower wisdom tooth
was presented at our department and it was thought that it
is related to an abnormal GC. A38-year old female patient

(131)

visited our clinic complaining of pain in the lower right re-
gion of the jaw. During a radiographic examination, a Low
—impacted wisdom tooth was identified in the left mandibu-
lar region where a radiolucent area surrounded the crown
and this was thought to be the cause of the pain. Clinically,
the patient was diagnosed with bilateral lower impacted
wisdom teeth with a lower left mandibular lesion. The pa-
tient underwent tooth extraction and excision of the lesion
under general anesthesia. The surgery was successful and
the pain ceased. The histopathological report showed the
presence of inflammatory granulation tissue, without evi-
dence of a tumor or cystic tissue. We assumed that the rea-
son for the impacted left molar could be due to inflamma-
tion of the GCo and the proliferation of fibroblasts obstruct-
ing the pathway of the eruption.
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