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Summary  Periodontal  disease  is  a  bacterial  biofilm-associated  inflammatory  disease  that  has
been implicated  in  many  systemic  diseases.  A  new  preventive  method  for  periodontal  disease
needs to  be  developed  in  order  to  promote  the  health  of  the  elderly  in  a  super-aged  society.  The
gingival epithelium  plays  an  important  role  as  a  mechanical  barrier  against  bacterial  invasion
and a  part  of  the  innate  immune  response  to  infectious  inflammation  in  periodontal  tissue.
The disorganization  of  cell—cell  interactions  and  subsequent  inflammation  contribute  to  the
initiation  of  periodontal  disease.  These  make  us  consider  that  regulation  of  host  defensive
functions,  epithelial  barrier  and  neutrophil  activity,  may  become  novel  preventive  methods  for
periodontal  inflammation.  Based  on  this  concept,  we  have  found  that  several  agents  regulate
the barrier  function  of  gingival  epithelial  cells  and  suppress  the  accumulation  of  neutrophils  in
the gingival  epithelium.  We  herein  introduce  the  actions  of  irsogladine  maleate,  azithromycin,
amphotericin  B,  and  Houttuynia  cordata  (dokudami  in  Japanese),  which  is  commonly  used  in

traditional  medicine,  on  the  epithelial  barrier  and  neutrophil  migration  in  gingival  epithelial
cells in  vivo  and  in  vitro,  in  order  to  provide  support  for  the  clinical  application  of  these  agents

to the  prevention  of  periodonta
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1. Introduction

Periodontal  disease  is  a  bacterial  biofilm-associated  inflam-
matory  disease  that  is  caused  by  a  shift  in  local  microbial
ecology  [1,2].  Since  periodontal  disease  has  been  implicated
in  many  systemic  diseases,  such  as  diabetes  mellitus,  car-
diovascular  diseases,  aspiration  pneumonia,  and  dementia
etc,  its  prevention  is  essential  for  the  health  promotion
of  the  elderly  in  a  super-aged  society  of  Japan.  Periodon-
tal  disease  may  be  prevented  via  two  strategies:  (1)  the
removal  of  periodontal  pathogens  (bacterial  biofilm)  from
periodontal  tissue  and  (2)  the  regulation  of  host  defen-
sive  mechanisms  in  periodontal  tissue  against  periodontal
pathogens.  At  present,  the  most  effective  and  safest  method
for  the  prevention  of  periodontal  disease  is  the  mechanical
removal  of  biofilms  by  self-care.  However,  physiological  or
psychological  conditions  in  the  elderly  make  this  difficult.
The  chemical  or  biological  methods  to  remove  or  eliminate
selectively  periodontal  pathogens  from  the  oral  cavity  have
not  yet  to  be  established.  On  the  other  hand,  fluoride  treat-
ment  has  beneficial  effects  like  prevention  of  dental  caries
by  shifting  the  balance  from  demineralization  to  remineral-
ization.  Based  on  the  same  concept  as  fluoride  treatments,
we  have  been  developing  an  approach  to  the  regulation  of
host  defenses  in  periodontal  tissue  for  the  prevention  of
periodontal  disease.

The  gingival  junctional  epithelium  is  located  at  a  strate-
gically  important  interface  at  the  bottom  of  the  gingival
sulcus  and  actively  contributes  to  inflammatory  processes.  It
plays  a  crucial  role  as  a  mechanical  barrier  against  bacterial
invasion  and  in  the  innate  immune  response  to  infectious
inflammation  in  periodontal  tissue  [3—5].  Thus,  the  inter-
action  between  epithelial  cells  and  periodontopathogenic
bacteria  has  been  suggested  to  be  critically  involved  in  the
initiation  of  periodontal  disease.  The  regulation  of  func-
tion  of  gingival  epithelial  cells  may  prevent  the  onset  of
periodontal  disease.

tericin  B  has  also  shown  to  modulate  host  immune  responses
against  fungal  infections.  Houttuynia  cordata  (dokudami  in
Japanese)  is  used  internally  and  externally  as  a  traditional
medicine  and  has  many  pharmacological  activities.  These
agents  may  have  the  potential  to  regulate  gingival  epithelial
cell  function  for  prevention  of  periodontal  disease.  Based
on  this  concept,  we  demonstrated  the  role  of  the  gingival
junctional  epithelium  in  periodontal  disease  and  the  mech-
anisms  regulating  the  functions  of  gingival  epithelial  cell  by
several  agents  such  as  irsogladine  maleate,  amphotericin  B,
azithromycin,  and  H.  cordata.  In  this  review,  we  propose  a
novel  concept  for  the  prevention  of  periodontal  disease.

2.  Role of the junctional epithelium in the
initiation  of periodontal disease

Epithelial  cells  function  as  a  mechanical  barrier  against
invasion  by  pathogenic  organisms  and  promote  intercellu-
lar  communication  through  cell—cell  junction  complexes,
followed  by  the  production  of  inflammatory  cytokines  and
anti-microbial  peptides.  Multi-protein  cell  junction  com-
plexes  are  symmetrical  structures  that  form  between  cells
and  are  crucial  for  maintaining  the  physical  and  func-
tional  integrity  of  tissues.  Epithelial  cells  are  generally
interconnected  by  tight  junctions,  adherence  junctions,
desmosomes,  and  gap  junctions.  However,  the  junctional
epithelium  in  clinically  healthy  periodontal  tissue  is  only
interconnected  by  desmosomes  and  occasionally  by  gap
junctions,  and  has  wide  intercellular  spaces  [3,5].

The  initiation  of  periodontal  disease  is  attributed  to
cleavage  within  the  second  or  third  cell  layer  of  DAT  cells
(directly  attached  to  the  tooth)  in  the  coronal-most  por-
tion  of  the  junctional  epithelium  facing  biofilms,  and  not  to
the  detachment  of  DAT  cells  from  the  tooth  [6,7].  Following
the  cleavage  of  the  junctional  epithelial  surface,  the  secre-
tion  of  cytokines  and  chemokines  such  as  interleukin  (IL)-8
Irsogladine  maleate  acts  on  gastric  mucosal  epithelium  as
an  anti-gastric  ulcer  agent.  Azithromycin  has  immunomod-
ulatory  properties  with  beneficial  effects  for  lung  diseases
such  as  diffuse  panbronchiolitis  and  cystic  fibrosis.  Ampho-
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esults  in  the  accumulation  of  neutrophils  in  the  junctional
pithelium,  while  proteases  secreted  by  neutrophils  dis-
upts  the  epithelial  barrier  of  the  junctional  epithelium  [8].
he  accumulation  of  activated  neutrophils  in  lesion  areas
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s  observed  in  all  diseases,  and  has  been  suggested  to  play
 role  in  the  onset  of  inflammation.  The  disorganization  of
ell—cell  contacts  and  subsequent  breakdown  of  the  tissue
rchitecture  are  often  the  result  of  pathophysiological  con-
itions.  Therefore,  regulation  of  the  epithelial  barrier  and
he  blockade  of  neutrophil  activity  have  potential  as  can-
idate  therapeutic  strategies  for  inflammation  in  gingival
unctional  epithelium.

. Molecular factors associated with the
unction of the junctional epithelium

.1.  Claudin-1

ight  junctions  are  essential  for  the  tight  sealing  of  cel-
ular  sheets,  which,  in  turn,  controls  the  paracellular  ion
ux  and  maintains  tissue  homeostasis.  Claudins  are  tight
unction-associated  tetraspan  proteins  with  relatively  short
ytoplasmic  amino  and  carboxy  termini  flanking  the  first
xtracellular  loop  of  53  amino  acids  and  the  second  shorter
oop  of  24  amino  acids  [9].  Claudins  have  been  suggested  to
lay  an  important  role  in  regulating  the  epithelial  barrier
t  tight  junctions  [10].  As  described  above,  the  junctional
pithelium  in  clinically  healthy  periodontal  tissue  is  inter-
onnected  by  desmosomes  and  gap  junctions,  and  not  by
ight  junctions.  Therefore,  tight  junctions  do  not  appear
o  contribute  to  barrier  function  in  the  junctional  epithe-
ium  [11].  Although  we  reported  that  claudins  exist  in  the
unctional  epithelium  of  rat  or  porcine  gingiva  [12,13],  their
oles  in  the  junctional  epithelium  have  not  been  elucidated.
urthermore,  microarray  and  immunohistochemical  analy-
es  demonstrated  that  the  expression  of  claudin-1  in  the
unctional  epithelium  following  a  chronic  lipopolysaccharide
LPS)  challenge  was  weaker  than  that  in  healthy  subjects
14].  This  suggests  that  claudin-1  is  present  in  healthy
unctional  epithelium,  and  be  crucially  involved  in  epithe-
ial  barrier  function  with  or  without  tight  junctions.  The
xpression  of  claudin-1  may  decrease  when  the  junctional
pithelium  is  exposed  to  commensal  or  periodontopathic
acteria.  Further  studies  to  investigate  the  role  of  claudin-1
n  the  junctional  epithelium  are  warranted.

.2.  E-cadherin

-cadherin,  a  subclass  of  cadherin  found  in  the  stratified
quamous  epithelium,  plays  a  crucial  role  in  maintain-
ng  the  structural  integrity  and  function  of  adherens  and
esmosomal  epithelial  intercellular  junctions  [15,16]. In
he  junctional  epithelium,  E-cadherin  plays  an  important
ole  against  bacterial  invasion,  however,  E-cadherin  lev-
ls  were  shown  to  be  reduced  in  inflamed  gingival  tissue
17,18].  Furthermore,  major  periodontal  pathogens  such
s  Porphyromonas  gingivalis  and  Aggregatibacter  actino-
ycetemcomitans  decreased  the  expression  of  E-cadherin

n  cultured  gingival  epithelial  cells  [19,20].  In  the  gastric

ucosal  epithelium,  the  disruption  of  E-cadherin  appears  to

ncrease  epithelial  permeability  [21].  Thus,  it  may  be  possi-
le  that  E-cadherin  plays  an  important  role  against  bacterial
nvasion  in  the  gingival  junctional  epithelium.
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.3.  Connexin  43  and  gap  junctional  intercellular
ommunication

ap  junctions  are  clusters  of  transmembranous  hydrophilic
hannels  that  allow  the  direct  exchange  of  molecules  of
p  to  1200  Da  in  weight,  including  ions,  sugars,  and  small
eptides,  between  adjacent  cells  [22,23]. Connexins  are
tructural  proteins  of  these  gap  junctions.  Gap  junctional
ntercellular  communication  (GJIC)  plays  a  critical  role  in
ellular  coordination  in  tissue  homeostasis.  The  expression
f  connexin  gap  junction  proteins,  connexin  26  and  43  was
ound  to  be  weaker  in  a  diseased  gingival  junctional  epithe-
ium  than  in  that  of  healthy  subjects.  In  cultured  human
ingival  epithelial  cells,  A.  actinomycetemcomitans, outer
embrane  protein  (omp)-29  from  A.  actinomycetemcomi-

ans  and  IL-1� reduced  connexin  43  levels  and  GJIC  [24—26].
hus,  GJIC  responses  of  gingival  epithelial  cells  following
eriodontal  pathogens  exposure  may  be  involved  in  the  ini-
ial  process  of  periodontal  disease  elicited  by  the  bacteria.

.4.  Smad2  and  transforming  growth  factor-�
ignaling

poptosis  in  epithelial  cells  triggers  the  destruction  of
pithelial  barrier  function,  which  is  important  for  the  onset
nd  progression  of  periodontitis  [8,27].  Previous  studies
eported  that  a large  number  of  TUNEL-positive  cells  were
resent  in  the  gingival  epithelium  of  patients  with  periodon-
itis  [27,28]. Smad2  is  a  well-known  downstream  signaling
olecule  of  TGF-� receptors,  and  plays  a  key  role  in  TGF-�-
ediated  apoptosis  in  epithelial  cells  [29,30].  An  increase

n  the  number  of  apoptosis-positive  cells  was  recently
eported  in  the  gingival  junctional  epithelium  of  smad2
ransgenic  mice  [31].  Furthermore,  the  overexpression  of
mad2  reduced  the  proliferation  of  the  junctional  epithe-
ium  [32]  and  induced  alveolar  bone  loss  by  up-regulating
NF-�  and  receptor  activator  of  nuclear  factor  kappa-B  lig-
nd  (RANKL)  in  transgenic  mice  [33].  On  the  other  hand,
e  demonstrated  that  A.  actinomycetemcomitans  induced
poptosis  in  gingival  epithelial  cells  by  activating  the  TGF-�
eceptor  I-smad2-caspase-3  signaling  pathway  [34].  Fur-
hermore,  omp29  from  A.  actinomycetemcomitans  binds  to
bronectin  in  order  to  facilitate  fibronectin/integrin�1/FAK
ignaling-dependent  TGF-� release  from  the  extracellular
atrix,  thereby  inducing  gingival  epithelial  cell  apopto-

is  via  the  TGF-� receptor/smad2  pathway  [35]. Thus,  the
arked  acceleration  of  TGF-� receptor/smad2  signaling  by
icrobial  pathogens  may  induce  apoptosis  and  disrupt  the

ingival  epithelial  barrier,  and  this  is  followed  by  alveo-
ar  bone  loss.  The  blockade  of  TGF-�/smad2  signaling  has
otential  for  the  prevention  of  periodontal  disease  by  regu-
ating  the  gingival  epithelial  barrier.

.5.  IL-8

L-8  is  a  member  of  the  �-subfamily  of  chemokines  that

s  characterized  by  a  conserved  tri-peptide  near  the  N-
erminus,  containing  cysteines  (C-X-C),  and  an  8—10  kDa
rotein  found  in  two  isomeric  forms,  the  77  amino
cid  isoform  and  more  biologically  active  72  amino  acid
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Figure  1  Schematic  diagram  showing  the  role  of  the  gingival  junctional  epithelium  in  the  innate  response  to  a  bacterial  attack.
A bacterial  attack  has  a  negative  impact  on  the  gingival  epithelial  barrier  by  disrupting  the  junctional  complex  and  induces  the
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migration of  neutrophils  through  the  activity  of  chemokines.

isoform.  IL-8  is  a  bioactive  chemokine  that  is  present  in
the  inflammatory  environment  and  during  cancer  progres-
sion  [36,37].  In  addition  to  exhibiting  leukocyte  chemotactic
activity,  IL-8  has  been  shown  to  induce  DNA  synthesis,
migration,  and  the  down-regulation  of  cleaved  caspase-3
in  cultured  human  gingival  epithelial  cells  [38].  Further-
more,  IL-8  reduced  GJIC  and  CX43  expression  in  human
gingival  epithelial  cells  [24].  A  previous  study  reported  that
CXCR-1/CXCR-2,  which  are  IL-8  receptors,  are  expressed
in  the  gingival  epithelium  [39].  Periodontopathogenic  bac-
teria  were  found  to  increase  the  expression  of  IL-8  or
cytokine-induced  neutrophil  chemoattractant  (CINC)-2�  in
gingival  epithelial  cells  in  vivo  and  in  vitro  [24,40,41].
IL-8  levels  in  periodontal  tissue  and  gingival  crevicular
fluid  have  been  correlated  with  disease  severity  [42].
Furthermore,  the  expression  of  IL-8  in  diseased  tissue,
particularly  in  the  gingival  epithelium,  has  been  corre-
lated  with  the  migration  of  polymorphonuclear  leukocytes
[43,44].  Therefore,  as  suggested  by  Graves  et  al.  [45],  the
development  of  periodontal  diseases  may  be  related  to  the
progression  of  inflammatory  cell  infiltration  in  periodontal
tissues.
Fig.  1  shows  the  roles  of  gingival  junctional  epithelial
cells  in  innate  responses  to  a  bacterial  attack  by  periodontal
disease.
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.  Regulation of the function on the
unctional epithelium

.1.  Irsogladine  maleate  (an  anti-gastric  ulcer
gent)

rsogladine  maleate  has  been  clinically  used  as  an  anti-
astric  ulcer  agent  [46,47]. It  has  been  shown  to  prevent
astric  mucosal  damage  in  several  experimental  animal
odels  without  inhibiting  gastric  secretion.  This  prevention

s  related  to  the  inhibition  of  decreases  in  mucosal  blood
ow  due  to  the  disturbance  of  nitric  oxide  synthesis  [48,49].

rsogladine  maleate  enhances  GJIC  in  cultured  rabbit  gastric
pithelial  and  pancreatic  cancer  cells  through  the  augmen-
ation  of  cyclic  AMP  [50,51].  Its  mucosal  protective  effects
ave  been  attributed  to  the  enhancement  of  GJIC  via  the
ctivation  of  muscarinic  acetylcholine  receptors  and  accu-
ulation  of  cyclic  AMP  in  gastric  epithelial  cells  [50,52,53].
Irsogladine  maleate  also  countered  the  reduction  of

JIC  and  the  levels  of  CX43  in  cultures  of  human  gingival
pithelial  cells  stimulated  by  A.  actinomycetemcomitans,
mp29  from  A.  actinomycetemcomitans, or  IL-1� [24—26].

n  addition,  irsogladine  maleate  prevented  these  reductions
hrough  increased  cyclic  AMP  in  human  gingival  epithelial
ells.  Irsogladine  maleate  has  been  shown  to  restore  A.
ctinomycetemcomitans-induced  reductions  in  E-cadherin
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n  vivo  and  in  vitro  [54].  In  addition,  a  pretreatment  with
rsogladine  maleate  reduced  TNF-�-induced  increases  in  gin-
ival  epithelial  permeability  by  preventing  the  disruption
f  E-cadherin  and  claudin-1,  suggesting  that  irsogladine
aleate  regulates  the  gingival  epithelial  cell  barrier  [55].
ollectively,  these  findings  indicate  that  irsogladine  maleate
nhances  epithelial  barrier  function  by  regulating  intercel-
ular  junctional  complexes  through  structural  proteins  in  the
unctional  complex.

Irsogladine  maleate  has  been  shown  to  inhibit  A.
ctinomycetemcomitans-induced  inflammatory  responses
n  the  gingival  epithelium  by  suppressing  neutrophil
igration  in  vivo  and  in  vitro  [54]. Consistent  with

his  finding,  irsogladine  maleate  reduced  the  A.
ctinomycetemcomitans- or  P.  gingivalis-induced  increases
n  IL-8  and  CXCL-1  levels  in  cultures  of  human  gingival
pithelial  cells  [54,56].  The  regulation  of  IL-8  levels
y  irsogladine  maleate  is  partially  involved  in  abroga-
ion  of  the  reduction  of  GJIC  and  CX43  expression  by
.  actinomycetemcomitans  [24].  Furthermore,  a DNA
icroarray  analysis  showed  that  irsogladine  maleate
own-regulated  increases  in  the  expression  of  CXC-
hemokines,  such  as  CXCL-1,  CXCL-2,  CXCL-3,  CXCL-6,  and
XCL-8  in  A.  actinomycetemcomitans-stimulated  human
ingival  epithelial  cells  [54].  Irsogladine  maleate  also
uppressed  several  inflammation-related  proteins,  such  as
atrix  metalloproteinase  (MMP)-3,  IL-6,  and  ICAM-1  in  A.

ctinomycetemcomitans-stimulated  epithelial  cells  [57].
hese  regulatory  mechanisms  are  mediated  by  the  regu-

ation  of  the  p38  mitogen-activated  protein  (MAP)  kinase
nd  extracellular  signal-regulated  kinase  (ERK)  cascade
n  gingival  epithelial  cells  by  irsogladine  maleate.  Based
n  these  findings,  irsogladine  maleate  appears  to  control
nflammation  in  the  gingival  epithelium  by  regulating  the
unction  of  gingival  epithelial  cells  (Table  1;  Fig.  2).

.2.  Azithromycin  (an  antimicrobial  agent)

zithromycin  is  a  macrolide  antibiotic  delivered  through
hagocytes  with  a  long  half-life,  broad  antibacterial  spec-
rum,  and  the  ability  to  inhibit  biofilm  formation.  Previous
tudies  reported  that  the  use  of  azithromycin  as  an  adjuvant
reatment  for  periodontitis  improved  clinical  and  microbi-
logical  parameters  over  those  achieved  by  conventional
reatments  alone  [58,59].  Its  antibacterial  properties  are
ell  documented,  and  it  appears  to  be  active  against  Gram-
egative  organisms,  including  periodontopathic  bacteria
uch  as  P.  gingivalis  and  A.  actinomycetemcomitans  [60,61].
n  addition  to  its  anti-microbial  properties,  azithromycin
ossesses  immunomodulatory  properties  with  beneficial
ffects  for  lung  diseases  such  as  diffuse  panbronchiolitis
nd  cystic  fibrosis  [62,63].  Several  in  vitro  studies  have
ttempted  to  elucidate  the  mechanisms  responsible  for
hese  beneficial  effects.  Azithromycin  was  found  to  sup-
ress  inflammatory  cytokines  including  IL-1�, IL-6,  and  IL-8
n  human  bronchial  epithelial  cells  and  nasal  epithelial
ells  [64,65].  In  the  human  epithelial  cell  line,  KB  cells,

zithromycin  inhibited  LPS-induced  increases  in  IL-8  [66].
urthermore,  it  maintained  epithelial  integrity  in  human
irway  epithelial  cells  [67,68].  Similar  to  other  epithelial
ells,  azithromycin  restored  transepithelial  electrical  resis-
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ance  and  E-cadherin  expression  in  human  gingival  epithelial
ells  and  suppressed  the  secretion  of  IL-8  in  human  gingival
pithelial  cells  stimulated  with  TNF-� [69]. Furthermore,
zithromycin  inhibited  the  phosphorylation  of  ERK  and  p38
AP  kinase  in  TNF-�-stimulated  epithelial  cells.  These  find-

ngs  suggest  that  azithromycin  increases  gingival  integrity
nd  suppresses  inflammatory  responses  under  inflammatory
onditions,  and  as  such,  exerts  protective  effects  in  gingi-
al  epithelial  cells  and  may  contribute  to  suppressing  the
nflammation  in  gingival  tissue  (Table  1).

.3.  Drugs  that  regulate  lipid  or  cholesterol

mphotericin  B  is  a  major  antifungal  drug  that  is  used
o  treat  severe  fungal  infections  because  of  its  high
fficiency  and  potency  against  many  fungi  [70].  Ampho-
ericin  B  kills  fungi  by  binding  to  the  fungal  membrane,
rgosterol,  which  forms  pores  that  cause  lethal  leaks  in
he  fungal  membrane  [71].  However,  many  side  effects
re  associated  with  amphotericin  B  including  rigor,  fever,
nd  hypertension/hypotension,  with  the  most  well-known
hronic  toxicity  being  nephrotoxicity.  Amphotericin  B
lso  binds  to  cholesterol  in  mammalian  cell  membranes,
nd  this  is  mainly  responsible  for  its  toxic  potential
71]. This  agent  has  also  been  reported  to  induce  the
roduction  of  pro-inflammatory  cytokines  in  host  cells
ncluding  gingival  fibroblasts  [72,73].  Furthermore,  ampho-
ericin  B  modulates  host  immune  responses  against  fungi
nfections  [74,75]. Lipid  formulations  of  amphotericin

 down-regulate  inflammatory  cytokines  in  monocytes
76].

In  human  gingival  epithelial  cells,  amphotericin  B  also
uppressed  A.  actinomycetemcomitans-induced  increases  in
L-6  and  IL-8  through  p38  MAP  kinase  and  ERK  [77].  Similar  to
.  actinomycetemcomitans-stimulated  cells,  amphotericin

 down-regulated  the  increases  in  inflammatory-related
enes  in  TNF-�-stimulated  gingival  epithelial  cells  [77].
hese  findings  suggest  that  amphotericin  B  does  not  act
n  a particular  receptor  of  virulence  factors  from  A.  acti-
omycetemcomitans,  and  may  regulate  a  post-receptor
vent  or  intracellular  signaling.  In  addition,  simvastatin,
hich  inhibits  the  synthesis  of  cholesterol,  attenuated  IL-
�-induced  increases  in  IL-6  and  IL-8  levels  in  epithelial
ells  [78].  Therefore,  the  direct  or  indirect  regulation  of
holesterol  may  represent  a  target  for  the  suppression  of
nflammatory  mediators.

Lipid  rafts  are  unique  biophysical  entities  that  are
nriched  in  glycosphingolipids,  cholesterol,  and  sphin-
omyelin,  and  function  as  platforms  in  protein  sorting  and
ignal  transduction  [79].  Therefore,  lipid  rafts  play  roles  in
nnate  immunity  in  the  gingival  epithelium  such  as  the  acti-
ation  of  toll-like  receptors.  Methyl-�-cyclodextrin  (M�CD)
reatments  were  previously  shown  to  be  a  rapid  and  effi-
ient  method  for  selectively  removing  cholesterol  from  the
lasma  membranes  of  cultured  cells  [80,81],  and  M�CD  has
een  extensively  used  as  a  cholesterol-depleting  reagent.
he  depletion  of  cholesterol  or  disruption  of  lipid  rafts  by

�CD  has  been  shown  to  ameliorate  the  TLR4-mediated

nflammatory  responses  induced  by  A.  actinomycetemcomi-
ans  in  gingival  epithelial  cells  [82]. In  gastric  or  lung
pithelial  cells,  the  regulation  of  TLR-4  mobilization  into
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Table  1  List  of  references  indicating  regulation  of  the  cellular  function  on  gingival  epithelial  cells.

Epithelial  barrier  Neutrophil  migration  Cytokine

Permeability  E-cadherin  GJIC  IL-8  ICAM-1

Irsogladine
maleate

↑  ↓  Fujita  et  al.  [24]
↑  ↓  Uchida  et  al.  [25]
↑  Fujita  et  al.  [26]

↑  ↓  Fujita  et  al.  [54]
↓  ↑  Fujita  et  al.  [55]

↓  ↓  IL-6↓  MMP3↓ Miyagawa  et  al.  [57]
↓  Savitri  et  al.  [56]

Azithromycin  ↓  ↑  ↓  Miyagawa  et  al.  [69]
Amphotericin  B  ↓  IL-6↓  Imai  et  al.  [77,82]
Simvastatin  ↓  IL-6↓  Sakoda  et  al.  [78]
Houttuynia  cordata  ↓  IL-6↓  Kabir  et  al.  [91]
Daiokanzoto  ↓  IL-6↓  Fournier-Larente

et  al.  [92]
Shosaikoto  Calprotectin↑  Hiroshima  et  al.  [93]
Rokumigan  IL-6↓  Liao  et  al.  [94]
Vitamin  E  and
ascorbic  acid

↓  ↑  Abe-Yutori  et  al.  [95]

 pre
amm

t

Figure  2  Schematic  diagram  showing  potential  pathways  to
amphotericin B,  and  Houttuynia  cordata  (Dokudami)  suppress  infl
such as  the  induction  of  chemokines.

lipid  rafts  suppresses  inflammatory  responses  [83,84].  Thus,

molecules  that  inhibit  the  translocation  of  TLR4  may  also
suppress  of  inflammatory  responses  in  gingival  epithelial
cells.  For  example,  glycyrrhizin  has  been  shown  to  inhibit
the  LPS-induced  translocation  of  TLR4  into  lipid  rafts,

[
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vent  periodontal  disease.  Irsogladine  maleate,  azithromycin,
ation  in  the  gingival  epithelium  by  regulating  cellular  functions

hereby  attenuating  LPS-mediated  inflammatory  responses

85]. In  addition  to  the  regulation  of  the  epithelial  bar-
ier,  lipid  rafts  play  a  role  in  bacterial  invasion  into  gingival
pithelial  cells.  Thus,  the  regulation  of  lipid  rafts  may  con-
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rol  host-bacteria  interactions  in  the  gingival  epithelium
Table  1).

.4.  Oriental  medicine  and  others

n  order  to  protect  the  gingival  epithelium  from  bacte-
ial  attack,  the  medication  described  herein  (irsogladine
aleate,  azithromycin,  amphotericin  B)  needs  to  be  taken

very  day.  However,  the  use  of  these  medications  every
ay  is  not  adequate  for  systemic  conditions.  Therefore,  the
evelopment  of  a  new  preventive  material  for  periodontal
isease  that  may  be  popularized  and  taken  daily  is  required,
uch  as  a  natural  product  or  oriental  medicine.

H.  cordata  is  a  medicinal  herb  that  is  generally  used
s  a  traditional  oriental  medicine.  It  has  been  shown  to  a
road  range  of  pharmacological  activities,  including  anti-
iral,  anti-leukemic,  anti-oxidative,  anti-anaphylactic,  and
nti-cancer  effects.  Thirty-eight  known  compounds  have
een  identified  by  comparisons  of  their  physical  and  spectro-
copic  data  with  those  of  corresponding  authentic  samples
r  literature  values  [86].  Quercitrin  exhibits  strong  anti-
xidant  activity  by  scavenging  reactive  oxidative  species.
epharadione,  norcepharadione,  and  aristolactams  exhibit
nti-viral  and  anti-tyrosinase  activities.  Recent  studies  pro-
ided  evidence  to  support  and  explain  the  anti-inflammatory
ctivities  of  H.  cordata  [87—90].  In  cultured  human  gingi-
al  epithelial  cells,  A.  actinomycetemcomitans  facilitated
he  mRNA  expression  of  MMP-3,  IL-8,  IL-6,  and  ICAM-1  in
uman  gingival  epithelial  cells,  while  these  mRNA  levels
ere  attenuated  by  a  treatment  with  H.  cordata  [91].  Fur-

hermore,  the  ERK  signaling  cascade,  which  was  previously
eported  to  be  involved  in  A.  actinomycetemcomitans-
nduced  increases  in  MMP-3,  IL-8,  or  ICAM-1,  was  disturbed
n  gingival  epithelial  cells  following  a  treatment  with  H.
ordata.  H.  cordata  also  inhibited  TNF-�-induced  enhance-
ents  in  these  genes  in  human  gingival  epithelial  cells  [91].
Daiokanzoto  (TJ-84),  which  is  composed  of  crude  extracts

f  Rhubarb  rhizomes  and  Glycyrrhiza  roots,  reduces  vir-
lence  factor  gene  expression  in  P.  gingivalis  and  exerts
nti-inflammatory  effects  in  oral  epithelial  cells  [92]. Sho-
aikoto  (TJ-9)  has  been  prescribed  for  chronic  liver  diseases
uch  as  hepatitis,  liver  fibrosis,  and  cirrhosis  and  also  for
espiratory  tract  diseases.  It  consists  of  aqueous  extracts
rom  seven  herbs  including  Bupleurum  root,  Pinellia  tuber,
cutellaria  root,  Jujube  fruit,  Ginseng  root,  Glycyrrhiza
oot  and  Ginger  rhizome,  and  contains  more  than  15  active
ngredients.  Shosaikoto  increases  the  expression  of  calpro-
ectin  and  S100A7  through  partially  IL-1� in  oral  epithelial
ells  [93].  Rokumigan,  which  consists  six  different  herbs,
ehmanniae  radix,  dioscoreae  rhizoma,  corni  fructus,  hoe-
en,  moutan  cortex,  and  alismatis  rhizoma,  is  one  of  the
ost  common  herbal  formulas,  and  has  been  shown  to

nhibit  IL-6  secretion  in  cultured  gingival  epithelial  cells
94].  In  addition  to  oriental  medicine,  Vitamin  E  and  L-
scorbic  acid  2-phosphate  magnesium  salt  inhibit  decreases
n  E-cadherin  expression,  the  penetration  of  P.  gingivalis-LPS
nd  increases  in  TNF-� [95]  (Table  1).

. Conclusion
egulation  of  the  functions  on  gingival  epithelial  cells  may
ecome  a  new  method  for  the  prevention  of  periodontal
isease.
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