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Abstract

Periodontitis  is  a  highly  prevalent,  chronic,  non-specific,  and  immunologically  devastating  disease  of
periodontal  tissues,  caused  by  microbial  infection.  This  study  aims  to  examine  the  efficacy  and  protective
mechanism of triclosan (TCS),  a bisphenolic,  non-cationic component of oral  care products,  against  periodontal
inflammation induced by lipopolysaccharide purified from Porphyromonas gingivalis (LPS-PG). TCS markedly
downregulated interleukin-6 (IL-6), IL-8, and IL-15 in human periodontal ligament fibroblasts (HPDLFs) treated
with  LPS-PG.  By  using  a  liquid  chromatography-tandem  mass  spectrometry  (LC-MS/MS)  approach,  318
differentially  expressed  proteins  (161  upregulated  and  157  downregulated)  were  identified  in  TCS-pretreated
HPDLFs.  TCS  upregulated  HSPA5  and  HSP90B1  but  downregulated  HSPA2.  Besides,  TCS  upregulated  miR-
548i  in  HPDLFs,  which  downregulated  IL-15.  These  results  indicate  that  TCS  attenuates  the  activation  of
HPDLFs  and  downregulates  the  inflammatory  cytokines  through  various  mechanisms,  thus  highlighting  its
protective role in periodontal inflammation.
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Introduction

Periodontitis  is  a  common  oral  disease  and  is  the
predominant  cause  of  tooth  loss  in  adults.  Pathogen-
induced activation of periodontal resident cells causes
chronic  periodontal  inflammation,  leading  to  local
ischemia and inflammatory cell infiltration, eventually
resulting  in  tissue  necrosis[1–2].  Periodontitis

progression may cause chronic periodontal destruction
and even the loosening or loss of teeth[3]. Furthermore,
various  inflammatory  cytokines  produced  during
periodontal  inflammation  can  reach  other  organs
through blood circulation and are thus speculated to be
associated  with  other  diseases[4–7].  However,
therapeutic  strategies  for  chronic  periodontal  inflam-
mation are relatively limited and ineffective[8].
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Human periodontal ligament fibroblasts (HPDLFs),
similar to gingival fibroblasts, synthesize the collagen
present  in  and  supporting  the  periodontal  tissues[9–10].
When  activated  by  components  of  exogenous
pathogens, e.g., lipopolysaccharides of Porphyromonas
gingivalis (LPS-PG),  HPDLFs  produce  various  pro-
inflammatory  cytokines  and  chemokines,  including
interleukin-6  (IL-6),  IL-8,  and  IL-15,  further
promoting  the  immune  responses  and  exacerbating
periodontal  tissue  damage[11–12].  The  concomitant
chronic  periodontitis  activates  immune  cells  and
induces  them  to  produce  various  cytokines  that
aggravate  periodontal  tissue  damage[13–15].  Without
timely  treatment,  destruction  to  periodontal  tissue,
root  exposure,  tooth  loosening,  and  tooth  loss  can
occur[16].  Blockade  of  the  periodontal  fibroblast
activation  mitigates  the  destruction  of  periodontal
tissue,  serving  as  a  key  strategy  for  treating  chronic
periodontal inflammation[17].

Triclosan  (TCS)  is  a  bisphenolic  and  non-cationic
agent  used  in  oral  care  products  owing  to  its  broad-
spectrum  anti-microbial  and  anti-plaque  activity[18].
Incorporation of a TCS-based monomer into the resin
matrix  of  dental  composites  reduces  the  bacterial
adhesion  of Streptococcus  mutans without  affecting
important  polymer  properties,  thus  improving  the
long-term performance of these restorative materials[19].
TCS  also  reduces  the  microbial  load  during  the
pathogenesis  of  gingivitis[20].  Compared  to  conven-
tional fluoride dentifrice, it effectively controls plaque
formation  and  prevents  or  alleviates  gingivitis[21–23].
However,  the  detailed  mechanism  underlying  the
potential  inhibitory  effects  of  TCS  on  periodontal
inflammation remains unclear.

In  this  study,  we  sought  to  elucidate  the  effects  of
TCS  on  LPS-PG-induced  activation  of  periodontal
fibroblasts. With liquid chromatography-tandem mass
spectrometry  (LC-MS/MS)  and  transcriptome  array,
we  investigated  the  differentially  expressed  proteins
and determined the pathways mediating the protective
effects of TCS against periodontitis. 

Material and methods
 

Reagents

LPS-PG  was  purchased  from  InvivoGen  (USA).
TCS  was  purchased  from  Sigma-Aldrich  (USA).
Enzyme-linked immunosorbent assay (ELISA) kits for
IL-6,  IL-8,  and  IL-15  were  purchased  from
eBioscience  (USA).  Anti-IL-15  and  anti-β-actin
antibodies were purchased from Abcam Biotechnology
(USA).  Lipofectamine  3000  was  purchased  from
Invitrogen  (USA).  The  cell  counting  kit-8  (CCK-8)

reagent  was  purchased  from  Dojindo  Laboratories
(Japan).  Enhanced  chemiluminescence  reagents  were
purchased  from  PerkinElmer  (USA).  The  miR-548i
overexpression  vector  and  inhibitors  were  purchased
from  GenePharma  (China).  HPDLFs  (Cat.  No.:
XY2630)  were  purchased  from  the  Shanghai  Xinyu
Biological Company (China). 

Cell culture and treatment

HPDLFs  are  immortalized  cells,  capable  of
displaying positive staining for vimentin and negative
staining  for  keratin.  They  extend  to  a  spindle  shape
upon  adherence  to  the  substratum.  HPDLFs  were
cultured  in  high-glucose  Dulbecco's  modified  Eagle's
medium  (DMEM)  supplemented  with  10% fetal
bovine  serum  (Thermo  Fisher  Scientific,  USA)  and
1% penicillin/streptomycin  solution  (100  U/mL
penicillin  and  100  μg/mL  streptomycin).  Cells  were
seeded  in  six-well  plates  at  50% confluence  in
complete  medium  supplemented  with  10% FBS  and
incubated  at  37  °C  for  24  hours  with  5% CO2.  The
medium  was  changed  to  a  serum-free  medium  for
another 16 hours, and then pretreated with TCS at 0 or
1 μg/mL for 2 hours and then treated with 100 ng/mL
LPS-PG for 24 hours. 

CCK-8 assay

A  total  of  2×103 HPDLFs  were  seeded  in  96-well
plates  and  pretreated  with  TCS  at  various
concentrations (0, 0.25, 0.5, 0.75, 1, 2 or 5 μg/mL) for
2  hours,  and  then  LPS-PG  (0  or  100  ng/mL)  was
added to the medium for 24 hours.  Thereafter,  10 μL
of  CCK-8  solution  was  added  to  each  well,  and  the
plate was incubated at 37 °C for 2 hours with 5% CO2.
Cell  proliferation  was  assessed  following  the
manufacturer's instructions, and the optical density of
each well was measured at 450 nm using a microplate
reader (Bio-Tek ELX800, USA). 

qRT-PCR analysis

LPS-PG-stimulated  HPDLFs were  homogenized  in
Trizol  (Thermo  Fisher  Scientific)  under  the
manufacturer's instructions to obtain total RNA, which
was  then  reverse-transcribed  into  cDNA.  SYBR
green-based qRT-PCR analysis was performed for IL-
6  and  IL-8  using  StepOnePlus  (Thermo  Fisher
Scientific).  The  amplification  conditions  were  as
follows:  95  °C  (1  minute)  followed  by  35  cycles  of
95 °C (10 seconds), 60 °C (30 seconds), and 95 °C (15
seconds).  Expression  levels  of  target  genes  were
normalized to those of GAPDH as the internal control.
Primer  sequences  are  provided  in Supplementary
Table 1 (available online). Each sample was analyzed
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in  triplicate,  and  changes  in  the  relative  expression
were determined using the comparative Ct method. 

Quantification of the inflammatory cytokines IL-6,
IL-8, and IL-15

TCS-pretreated,  LPS-PG-stimulated  HPDLFs  were
centrifuged  at  5000 g for  10  minutes,  and  the
supernatant  was  harvested  to  quantify  the
inflammatory  cytokines  IL-6,  IL-8,  and  IL-15  using
ELISA kits as per the manufacturer's instructions. 

LC-MS/MS analysis

Proteins extracted from the TCS intervention group
and  the  LPS-PG-induced  inflammation  group  were
digested  and  subsequently  analyzed  using  a  Triple-
TOF  5600+  mass  spectrometer  (AB  Sciex,  USA).  A
capillary RP-LC column (75 μm i.d. × 150 mm, filled
with  Acclaim  PepMap  RSLC  C18,  100  Å,  2  μm,
nanoViper  Dionex,  USA)  was  used  to  separate
peptides through LC. Samples were desalted from the
autosampler  at  5  μL/minute  by  loading  them  onto  a
trap column (Acclaim PepMap 100 C18, 100 Å, 3 μm,
75  μm  ×  2  cm,  Dionex).  The  desalted  samples  were
then washed for 12 minutes with 0.1% FA in HPLC-
grade  water,  and  the  system  was  adjusted  to  line  up
with  the  analytical  RP  capillary  column.  The  tryptic
digest  was  analyzed  within  65  minutes  with  a  three-
step  gradient  (80% ACN in  0.1% methanol  from 4%
to 50% over 45 minutes, 50% to 90% over 5 minutes,
and  at  95% for  15  minutes)  at  a  flow  rate  of
300 nL/minute. 

Bioinformatics analysis of proteomics data

All  proteins  with  significant  differences  in  abun-
dance between the LPS-PG and LPS-PG+TCS groups
were  analyzed  by  Gene  Ontology  (GO)  terms  for
biological process, cellular component, and molecular
function  using  the  Software  Tool  for  Rapid
Annotation of Proteins (STRAP). Pathway enrichment
analysis of protein clusters was assessed in accordance
with the Kyoto Encyclopedia  of  Genes and Genomes
(KEGG)  pathway  database.  Protein-protein
interactions  (PPI)  were  analyzed  using  the  Search
Tool  for  the  Retrieval  of  Interacting  Genes/Proteins
version 10 (STRING) database. 

Western blotting analysis

Cultured  HPDLFs were  lysed in  RIPA lysis  buffer
(Beyotime, China) on ice for 30 minutes. Supernatants
were harvested through centrifugation at 13 000 g and
4  °C  for  30  minutes.  Protein  samples  were  homo-
genized with loading buffer and heated to 100 °C for 5
minutes, and 20 μg of each sample was then resolved
through  SDS-PAGE  (10% resolving  gel).  Proteins

were  transferred  to  polyvinylidene  difluoride
membranes  (Millipore,  USA).  The  membranes  were
blocked  with  5% dry  milk  for  1  hour  at  25  °C  and
incubated  with  primary  anti-IL-15  (1:1000  dilution)
and anti-β-actin (1:1000 dilution) antibodies overnight
at  4  °C.  The  membranes  were  washed  and  incubated
in  horseradish  peroxidase-conjugated  secondary
antibody  (1:10  000  dilution)  for  2  hours  at  room
temperature.  Protein  levels  were  determined  using
enhanced  chemiluminescence  reagents  and  quantified
using ImageJ software (NIH, Bethesda, USA). 

miRNA transfection

HPDLFs were cultured in six-well plates up to 70%
confluence. Cells were transfected with Lipofectamine
3000  as  per  the  manufacturer's  instructions.  Briefly,
5  μL  of  miR-548i  mimics  or  inhibitors,  and  6  μL  of
Lipofectamine  3000  were  diluted  in  250  μL  of  Opti-
MEM  reduced  serum  medium  (Thermo  Fisher
Scientific),  and  then  diluted  Lipofectamine  3000  was
added into the mimics or inhibitors.  The mixture was
incubated  at  room  temperature  for  15  minutes  and
then  added  to  the  cell  culture  medium.  The  cultured
cells were then incubated at 37 °C for 36 hours. Green
fluorescence  was  observed  under  the  microscope  to
determine  whether  transfection  was  successful  and  if
the vector was expressed. 

Transcriptome array analysis

First-strand cDNA was synthesized using the "First-
Strand  cDNA  Synthesis"  program,  and  the  second-
strand  cDNA  was  synthesized  using  the  "Second-
Strand  cDNA  Synthesis"  program.  The  cRNA  was
purified  using  the  WT  PLUS  Reagent  Kit  (Thermo
Fisher  Scientific),  and  its  concentration  was
determined.  cRNA  and  2nd-Cycle  Primers  Mix  were
prepared and incubated with the "2nd-Cycle Primers-
cRNA  Annealing"  program;  2nd-Cycle  ss-cDNA
Master  Mix  was  prepared  and  incubated  using  the
"2nd-Cycle  ss-cDNA  Synthesis"  program  for  the
second  cycle  of  single-stranded  cDNA  synthesis.
Thereafter, RNA was hydrolyzed with RNase H using
the  "RNA  Hydrolysis"  program;  the  single-stranded
cDNA of the second cycle was purified using the WT
PLUS  Kit,  and  the  concentration  was  measured.
Further, the "Fragmentation" and "Labeling" programs
were used to fragment and label cDNA. Hybridization
experiments were then carried out,  and the GeneChip
Fluidics  Station  450  (Affymetrix,  USA)  instrument
was used for automatic washing and dyeing. Scanning
was performed after dyeing to obtain the data. 

Statistical analysis

Data  were  analyzed  using  SPSS  17  software  (17.0
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for  Windows,  IBM,  USA).  All  data  are  expressed  as
mean±SD  values  and  were  analyzed  using  unpaired
two-tailed  Student's t-test  for  two  treatment  groups
and one-way ANOVA followed by Bonferroni's post-
hoc  multiple  comparisons  test  for  multiple  treatment
groups.  Significant  differences  in  gene/protein
expression levels were considered when P<0.05. 

Results
 

TCS  pretreatment  downregulated  IL-6,  IL-8,  and
IL-15 induced by LPS-PG in HPDLFs

First,  we  examined  whether  TCS  affected  the
viability  of  HPDLFs  at  various  concentrations,
through  CCK-8  assays.  At  a  concentration  of ≤1
μg/mL,  TCS  was  nontoxic  to  HPDLFs;  however,  2
and  5  μg/mL  TCS  affected  the  HPDLFs  viability
(Fig.  1A).  Therefore,  the  concentration  of  TCS  at
1 μg/mL was used in the subsequent experiments. To
further  investigate  the  effect  of  TCS  on  the  oral
inflammatory  response,  we  generated  an in  vitro
model  of  periodontal  inflammation  by  treating
HPDLFs  with  LPS-PG.  LPS-PG  treatment
upregulated the inflammatory cytokines (IL6, IL8, and
IL15)  in  HPDLFs,  while  pretreatment  of  HPLDFs
with  1  μg/mL  TCS  significantly  inhibited  the

production of these inflammatory cytokines (Fig. 1B).
However,  on  the  initially  established  inflammatory
model,  the inhibitory capabilities  of  1 μg/mL of TCS
after  TCS  treatment  were  found  not  as  effective  as
those  during  pretreatment  (Supplementary  Fig.  1,
available  online).  Besides,  qRT-PCR  analysis  also
revealed  that  TCS  at  a  concentration  of  1  μg/mL
significantly  suppressed  these  cytokines  in  HPDLFs
(Fig. 1C). Therefore, TCS suppressed the activation of
HPLDFs induced by LPS-PG. 

LC-MS/MS  analysis  and  pathway  enrichment
analysis  of  differentially  expressed  proteins  in
HPDLFs pretreated with TCS or treated with LPS-
PG alone

To  investigate  the  mechanism  through  which  TCS
inhibits  the  LPS-PG-induced  activation  of  HPDLFs,
LC-MS/MS analysis was performed on the extracts of
HPDLFs  treated  with  TCS  and  LPS-PG,  or  LPS-PG
alone. Hierarchical cluster analysis indicated that 318
significantly  differentially  expressed  proteins  were
obtained  in  TCS-pretreated  HPDLFs,  compared  to
those  treated  only  with  LPS-PG.  These  proteins
include  161  upregulated  and  157  downregulated
proteins  (Fig.  2A).  The  pathways  involving  these
differentially expressed proteins were further analyzed
and  screened  using  KEGG  database,  and  they  were
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Fig.  1   TCS decreased the mRNA and protein levels  of  inflammatory cytokines  in  activated HPDLFs. A:  HPDLFs were  pretreated
with TCS at concentrations of 0–5 μg/mL; then, LPS-PG (100 ng/mL) was added to the culture for 24 hours. Cell viability was examined
using cell  counting kit-8 assays. B: HPDLFs were pretreated with TCS at a concentration of 1 μg/mL, and mRNA levels of IL6, IL8,  and
IL15 in HPDLFs were quantified using qRT-PCR. C: HPDLFs were pretreated with TCS at a concentration of 1 μg/mL, and protein levels of
IL-6, IL-8, and IL-15 in the culture were measured using enzyme-linked immunosorbent assays. Data are presented as mean±SD and were
analyzed using unpaired two-tailed Student's t-test. *P<0.05, **P<0.01, ***P<0.001, n=3.
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found  to  be  enriched  in  ribosomal  function,  protein
processing,  antigen  processing  and  presentation,  and
phagocytic function, among other pathways (Fig. 2B). 

Gene  ontology  analysis  of  differentially  expressed
proteins  in  HPDLFs  pretreated  with  TCS  or
treated with LPS-PG alone

The  differentially  expressed  proteins  were  then
submitted  as  an  input  into  the  GO  database  for
functional analysis. During GO enrichment analysis of
the  up-regulated  proteins  using  the  STRAP
classification  for  biological  processes,  they  were
primarily  enriched  during  translational  initiation;  for
cellular  components,  they were significantly  enriched
in extracellular exosomes and extracellular matrix; for
molecular  function,  they  were  enriched  in  protein
binding (Fig. 3A). During GO enrichment analysis of
the  down-regulated  proteins  using  the  STRAP
classification  for  biological  processes,  they  were
significantly  enriched  during  translational  initiation;
for  cellular  component,  they  were  significantly
enriched  in  extracellular  exosome  and  extracellular
matrix;  for  molecular  function,  they were enriched in
protein binding and unfolded protein binding (Fig. 3B).
Therefore,  TCS  significantly  affected  the  biological
response  of  HPDLFs  treated  with  LPS-PG  by
affecting  translational  initiation,  formation  of
extracellular exosomes, and protein binding. 

Protein-protein interaction analysis of differentially
expressed  proteins  in  HPDLFs  pretreated  with
TCS or treated with LPS-PG alone

The  STRING  database  was  used  to  analyze  the
potential  interactions  among  differentially  expressed
proteins,  and  35  key  proteins  were  involved  in  a  PPI
network.  Several  proteins  played  a  key  role  in  the
obtained PPI network and were screened as candidate
proteins.  Among  upregulated  proteins,  HSPA5  was
strongly  associated  with  HSP90B1  and  human
leukocyte  antigen-A  (HLA-A)  (Fig.  4A).  Among
downregulated  proteins,  ATP-citrate  lyase  (ACLY)
was  closely  associated  with  hexosaminidase  B
(HEXB)  and  peroxiredoxin-6  (PRDX6)  (Fig.  4A).
Based  on  the  significant  GO  enrichment,  pathway
enrichment, and PPI analysis, key molecules involved
in  the  inflammatory  signaling  pathway  of  LPS-PG-
treated  HPDLFs  pretreated  with  TCS  were  screened.
Hierarchical  cluster  analysis  indicated  that  five
candidate proteins, HSPA2, HLA-A, PD1A4, HSPA5,
and  HSP90B1,  were  differentially  expressed  in  TCS-
pretreated  HPDLFs  (Fig.  4B).  On  importing  these
proteins  into  the  STRING  database,  IL-6  and  IL-8
expression  levels  were  found  to  be  associated  with
HSPA5  and  HSP90B1  (Fig.  4C).  These  results
indicated  that  IL-6  and  IL-8  expression  was
potentially  associated  with  HSPA5  and  HSP90B1  in
LPS-PG-treated HPDLFs. 

TCS upregulated miR-548i and downregulated IL-
15 in HPDLFs

Few  proteins  displayed  TCS-altered  expression;
therefore,  we  used  a  transcriptome  array  to  further
examine the mRNA expression levels of inflammatory
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cytokines  in  HPDLFs  treated  either  with  LPS-PG
alone or both LPS-PG and TCS. A significant positive
correlation  was  obtained  for  mRNA  expression  with
respect  to  both  the  LPS-PG-induced  and  TCS
intervention  groups  (Fig.  5A).  For  each  gene,  the
signal  strength distribution between TCS intervention
group  and  the  LPS-PG-induced  inflammation  group
could  be  visualized  using  a  scatter  plot  (Fig.  5B).
Furthermore, 49 differentially expressed genes with a
fold  change  value  of >1.5  were  identified  (Fig.  5C),
among  which  miR-548i  was  the  most  significant
differentially  expressed  gene.  qRT-PCR  analysis
confirmed  miR-548i  upregulation  in  TCS-treated
HPDLFs  (Fig.  6A).  Target  scan  predictions  suggest
that IL-15 expression might be regulated by miR-548i.
In  the  miR-548i  overexpression  system  (Fig.  6B),
treatment with TCS in the presence of LPS-PG down-
regulated IL15 in comparison with LPS-PG treatment
alone  at  mRNA  (Fig.  6C)  and  protein  (Fig.  6E)
levels.  In  the  miR-548i  inhibition  system,  TCS
treatment did not influence IL15 levels in comparison
with LPS-PG treatment alone at mRNA (Fig. 6D) and
protein  (Fig.  6F)  levels.  Furthermore,  treatment  with
TCS  in  the  presence  of  LPS-PG  downregulated  IL-6
and IL-8 in comparison with LPS-PG treatment alone
at  mRNA  level  in  the  miR-548i  overexpression  sys-
tem but  didn't  change in the miR-548i inhibition sys-
tem (Supplementary Fig. 2A and B, available online). 

Discussion

TCS  has  recently  been  implicated  in  the
pathogenesis  and  progression  of  numerous  diseases.
This  study  shows  that  TCS  significantly
downregulates the LPS-PG-induced expression of the
inflammatory  factors  IL-6,  IL-8,  and  IL-15,
attenuating the activation of HPDLFs, thus potentially

inhibiting bacterial infection induced periodontitis.
In  inflammatory  responses,  heat  shock  proteins

(HSPs)  can  be  upregulated  by  various  stressors,
including  oxidative  and  endoplasmic  reticulum
stress[24].  Herein,  TCS  treatment  significantly
upregulated  multiple  HSP  molecules;  for  instance,
HSPA2 was upregulated, while HSPA5 and HSP90B1
were downregulated along with IL-6.  TCS reportedly
reduces  liver  HSP90  levels[25].  We  speculated  that
these  HSPs  may  participate  in  the  activation  of
HPDLFs  and  are  potentially  suppressed  by  TCS.
However,  these  HSPs  potentially  do  not  regulate  the
expression  of  inflammatory  cytokines  in  LPS-PG
treated  HPDLFs  because  they  seldom  exert  any
biological  effects  on  the  expression  of  inflammatory
genes.  Further  studies  are  required  to  elucidate  the
role  of  HSPA5  and  HSP90B1  in  LPS-PG-induced
HPDLF activation.

Interestingly, at the mRNA level, both LPS-PG and
TCS treatment upregulated miR-548i. However, LPS-
PG  was  expected  to  upregulate  certain  miRNAs.
Furthermore,  miR-548i  overexpression  significantly
downregulated  IL-15  in  HPDLFs,  suggesting  the
upregulation of miR-548i might inhibit the expression
of IL-15 in TCS treated cells.  However,  the potential
involvement  of  other  non-coding  RNAs  in  the  regu-
lation and expression of other inflammatory cytokines
cannot be ruled out. Furthermore, the detailed mecha-
nisms  underlying  the  association  between  miR-548i
and IL-15 production require further investigation.

In  summary,  this  is  the  first  study,  to  our
knowledge,  to  show  that  TCS  could  significantly
reduce  the  LPS-PG-induced  production  of
inflammatory  factors  IL-6,  IL-8,  and  IL-15  in
HPDLFs,  and  thus  attenuate  the  activation  of
HPDLFs, indicating that TCS could potentially protect
against periodontal inflammation. 
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Fig. 4   Protein-protein interaction analysis of differentially expressed proteins in HPDLFs pretreated with TCS or treated with LPS-
PG alone. A: PPI network of differentially expressed proteins in HPDLFs pretreated with TCS or treated with LPS-PG alone. Red and blue
circles represent upregulated and downregulated proteins, respectively. The larger the area of the circle, the higher the degree of difference.
B: Hierarchical cluster analysis of five candidate proteins involved in the inflammatory response of HPDLFs pretreated with TCS and then
treated with LPS-PG. C: PPI network of the five candidate proteins based on STRING. PPI: protein-protein interactions; STRING: Search
Tool for the Retrieval of Interacting Genes/Proteins.
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