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Abstract
Background:The aimof this studywas to evaluate oral bacteria- and interleukin
(IL)-1β-induced protein and mRNA expression profiles of monocyte chemoat-
tractant protein-1-induced protein (MCPIP)-1 and mucosa-associated lymphoid
tissue lymphoma translocation protein (MALT)-1 in humangingival keratinocyte
monolayers and organotypic oral mucosal models.
Methods: Human gingival keratinocyte (HMK) monolayers were incu-
bated with Porphyromonas gingivalis, Fusobacterium nucleatum, P. gingivalis
lipopolysaccharide (LPS) and IL-1β. The protein levels of MCPIP-1 and MALT-
1 were examined by immunoblots and mRNA levels by qPCR. MCPIP-1 and
MALT-1 protein expression levels were also analyzed immunohistochemically
using an organotypic oral mucosal model. One-way analysis of variance followed
by Tukey correction was used in statistical analyses.
Results: In keratinocyte monolayers, MCPIP-1 protein expression was sup-
pressed by F. nucleatum and MALT-1 protein expression was suppressed by F.
nucleatum, P. gingivalis LPS and IL-1β. P. gingivalis seemed to degrade MCPIP-
1 and MALT-1 at all tested time points and degradation was inhibited when P.
gingivaliswas heat-killed. MCPIP-1 mRNA levels were increased by P. gingivalis,
F. nucleatum, and IL-1β, however, no changes were observed in MALT-1 mRNA
levels.
Conclusion: Gingival keratinocyte MCPIP-1 and MALT-1 mRNA and pro-
tein expression responses are regulated by infection and inflammatory medi-
ators. These findings suggest that periodontitis-associated bacteria-induced
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modifications in MCPIP-1 and MALT-1 responses can be a part of periodontal
disease pathogenesis.
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1 INTRODUCTION

Periodontitis is an infection-induced chronic inflamma-
tory disease of teeth-supporting tissues.1 Porphyromonas
gingivalis, a keystone pathogen for the development of
dysbiosis, suppresses toll like receptor (TLR)-4 activa-
tion, prevents nuclear factor-κB (NF-κB) p65 homodimer
nuclear translocation, inhibits interleukin (IL)-8 expres-
sion, stimulates of IL-1β secretion, and eventually induces
alveolar bone loss and periodontitis.2,3 F. nucleatum, a
bridge organism between early late colonizers of the oral
biofilms, induces proinflammatory cytokine (e.g., IL-8,
IL-1β) expression, and acts as an opportunistic pathogen
during the pathogenesis of periodontitis.4 P. gingivalis
lipopolysaccharide (LPS) causes disruptions on the innate
immune response through host receptors, for example
through TLR-4, leading to modifications in the proinflam-
matory cytokine responses.5–8
Monocyte chemoattractant protein-induced protein-1

(MCPIP-1), also called Regnase-1, is a host inflammatory
response cytokine RNase.9 It was recently demonstrated
that P. gingivalis can degrade MCPIP-1 by its gingipains,
which leads to the overactivation of the NF-κB signaling
pathway and increase the transcripts of proinflamma-
tory cytokines.10 MCPIP-1 acts as a broad suppressor of
miRNA activity and biogenesis.11 Its involvement in the
deubiquitination process provides inhibition of LPS and
IL-1-induced NF-kB signaling pathway, whereas its RNase
activity suppresses proinflammatory cytokine (IL-6, IL-1β,
or IL-8) mRNA activity.12–16 Mucosa-associated lymphoid
tissue lymphoma translocation protein 1 (MALT-1) is a
cysteine protease that cleaves the inflammatory signaling
suppressors and eventually activates immune cells.MALT-
1 suppression can cause inflammatory genes to synthesize
cytokines (MCPIP-1 included) and inflammation develops
in the absence of MALT-1. Indeed, suppression of MALT-
1 increases MCPIP-1 activity.17 It was hypothesized that
MCPIP-1 depletion in periodontitis can be an outcome of
MALT-1 activation, however, this was not yet proven.10
Indeed, simultaneous regulations of MCPIP-1 and MALT-
1 gene and protein expressions by periodontitis-associated
bacteria and inflammatory mediators have not been eluci-
dated as well.
In the present study, we hypothesized that MCPIP-1

and its inhibitor MALT-1 expressions of human gingi-

val keratinocytes are regulated by periodontitis-associated
bacteria and by proinflammatory cytokines. Therefore, this
study aimed to analyze the MCPIP-1 and MALT-1 gene
and protein expression regulation by P. gingivalis, P. gin-
givalis LPS, Fusobacterium nucleatum (F. nucleatum), and
IL-1β, using both gingival keratinocyte monolayer and
organotypic oral mucosal models.

2 MATERIALS ANDMETHODS

For the flowchart see Figure S1 in online Journal of
Periodontology.

2.1 HMK cell line

Spontaneously immortalized nontumorigenic gingival
keratinocyte cell lines, HMK cells, were used in all
experiments.18 HMK cells (passages of 7‒13) were sus-
tained in a 75 cm2 cell culture flask with a keratinocyte
serum-free media,* containing human recombinant
epidermal growth factor, bovine pituitary extract, and
antibiotics (penicillin-streptomycin, 10,000 U/ml) at 37◦C
and 5% CO2. Keratinocyte growth media were replaced
with fresh media three times per week, and the HMK
cells were passaged weekly until they reached an 80–90%
confluence.

2.2 Bacterial strains

P. gingivalis (ATCC 33277) and F. nucleatum (ATCC 25586)
were obtained from the Anaerobe Reference Laboratory
of the Finnish Institute for Health and Welfare (previ-
ously National Public Health Institute), Helsinki, Finland.
Strains were revived from skimmed milk stocks and were
grown on Brucella blood agar plates supplemented with
hemin (5 mg L−1) and vitamin K1 (10 mg L−1) in an anaer-
obic chamber† (10% H2, 5% CO2, and 85% N2) at 37◦C
for 72 h. In all experiments, bacteria were suspended in

* SFM-X, Gibco, Thermo Fisher Scientific, Waltham, MA, USA
†Whitley A35 Anaerobic Workstation, Don Whitley Scientific, West
Yorkshire, UK
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phosphate buffer solution (PBS) and the optical density of
the suspension was adjusted to 0.6 at 670 nm for P. gingi-
valis (3×108 CFU/ml) and to 0.6 at 620 nm for F. nucleatum
(6×108 CFU/ml).

2.3 Stock solutions of P. gingivalis LPS
and IL-1β

P. gingivalis LPS ultra-pure stock solution (1 mg/ml) was
prepared by dissolving 1 mg of ultra-pure P. gingivalis LPS‡
in 1 ml of endotoxin-free water.
IL-1β stock solution (100μg/ml)was prepared by dissolv-

ing 100 μg of IL-1β§ in 1 ml of endotoxin-free water.

2.4 Incubation of HMKmonolayers
with bacteria, P. gingivalis LPS, and IL-1β

HMK cells (3×105) were cultured in 12-well plates and
allowed to grow until 80%‒90% confluency. HMK cells
were incubated with P. gingivalis ATCC 33277 and F.
nucleatum ATCC 25586 at a multiplicity of infections
(MOI) of 1:50 (2×105 HMK cells to 1×107 CFUbacteria) and
1:100 (2×105 HMK cells to 2×107 CFU bacteria), P. gingi-
valis LPS (1 μl/ml) and IL-1β (15 ng/ml). In addition, HMK
cells were also cultured with heat-killed (95◦C for 5 min) P.
gingivalis (MOI of 1:100) and with P. gingivalis suspension
containing serine and cysteine protease inhibitor (50mg/ 7
ml).** HMKcells, whichwere incubated for 2, 6, and 24 h in
the absence of bacteria, P. gingivalis LPS, or IL-1β, served as
control groups. After incubating the cell cultures in a CO2
incubator (10% H2, 5% CO2, and 85% N2) at 37◦C for 2, 6,
and 24 h, cells were first scraped mechanically and then
lysed with a lysis buffer (150 μl, 50 mM Tris-HCl, 150 mM
NaCl, 1% Triton-x.100, pH 8.0, on a shaker (250 rpm) for
10 min). The lysates were collected, sonicated, and stored
at -70◦C until they were used for immunoblots. Another
group of cells were first scraped mechanically and lysed
with 1ml of trizol.†† Lysateswere stored at -70◦Cuntil used
for mRNA isolation.
A parallel set of cell cultures were performed to deter-

mine the effects of P. gingivalis, F. nucleatum, P. gingivalis
LPS, and IL-1β on HMK cell viability using a proliferation
assay.‡‡

‡Cat #tlrl-ppglps Invivogen, San Diego, CA, USA
§ Recombinant Human IL-1β cat # RH-P0168, Genemed Synthesis Inc.,
San Antonio, TX, USA
** Cat. # 11836170001, Roche Diagnostics, Mannheim, Germany
†† Invitrogen Cat. No 15596-018, CA, USA
‡‡CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay,
Promega, WI, USA

2.5 MCPIP-1 andMALT-1 protein
expression determination and
immunoblotting

Protein levels of each sample were determined using the
Bradford method.§§
Western blot was used to analyze MCPIP-1 and MALT-

1 levels in cell lysates. Same amount of protein for each
sample was mixed with Laemmli buffer and mercap-
toethanol, and then heated at 95◦C for 5 min. Sodium
dodecyl sulfate (SDS)-polyacrylamide gels (15%) were used
for the separation of proteins. Afterwards, the proteins
were transferred tomembranes*** and incubated overnight
with either MCPIP-1 (1:750 dilution)††† or MALT-1 (1:1000
dilution)‡‡‡ antibody. Finally, the membranes were incu-
batedwith goat anti-Rabbit IgG (H+L) secondary antibody
(1:10000 dilution)§§§ for 1 h. The detection of HRP was
performed using a chemiluminescent substrate,**** and
the bands were detected with a digital imaging equip-
ment.†††† Blots were stained with anti-β -Actin antibody
(1:10000)‡‡‡‡ to confirm equal loading. A non-commercial
software§§§§ was used for intensity analysis. All experi-
ments were performed in triplicate and repeated at least
three times at independent time points.

2.6 MCPIP-1 andMALT-1 gene
expression determination

Total RNA was extracted from the cell lysates with tri-
zol. A microvolume spectrophotometer***** was used to
determine the purity and concentration of extracted RNA.
First-strand cDNA was synthesized from 500 ng of total
extracted RNA using the cDNA synthesis kit.║║║ RT-
qPCR reactions were performed in 20-μl volumes with 2 μl
of template cDNA and 1 μl of gene-specific primer-probe
mix¶¶¶ and 10 μl DNA probes master mix.### GAPDH
was used as a control. The reactionwas performed in a real-
time PCR system and consisted of initial denaturation at
95◦C for 10 min, and 45 cycles of 95◦C for 30s, and 60◦C
for 30s. All experiments were performed in triplicates and
expression levels were analyzed using delta Ct method.

§§ Bio-Rad, Hercules, CA, USA
*** Trans-Blot Turbo Transfer System, Bio-Rad, Hercules, CA, USA
†††Cat. # PA5-24458, Thermo Fisher, USA
‡‡‡Cat. # PA5-79622, Thermo Fisher, China
§§§ Cat. # 31460, Thermo Fisher, USA
**** Novex ECLChemiluminescent Substrate Reagent Kit, Invitrogen, CA,
USA
††††ChemiDoc MP Imaging System, Bio-Rad, Hercules, CA, USA
‡‡‡‡Cat. # PA1 16889, Thermo Fisher, USA
§§§§ ImageJ, National Institutes of Health, Bethesda, MD, USA
***** NanoDrop Lite Spectrophotometer, Thermo Fisher Scientific, Van-
taa, Finland
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2.7 Constructing the organotypic oral
mucosal model

A modified organotypic oral mucosal model was con-
structed as described previously.19–21 The isolation and the
characterization of cell types used were described previ-
ously (gingival keratinocytes byMäkelä et al.18 and gingival
fibroblasts byOksanen et al. 200219). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) with 10%
fetal calf serum, 1% essential amino acids, and supple-
mented with antibiotics at 37◦C in 5% CO2. To construct
the multilayer culture model, human gingival fibroblasts
were suspended at a density of 3×105/ml in collagen solu-
tion††††† and plated in 10 mm culture inserts.‡‡‡‡‡ Then,
the inserts were placed in 12-well tissue culture plates for
24 h to solidify. The gingival keratinocytes were seeded on
collagen-fibroblast gels at a density of 8×105/ml, and when
the cells reached confluence, the inserts were placed on
metal grids to obtain the air‒liquid interface. The model
was allowed to grow for an additional 14 days. The cul-
tures were grown at 37◦C in a humidified atmosphere,
containing 95% air and 5% CO,2 for 7 days before the
experiments.

2.8 Incubation of the organotypic oral
mucosal model cells with bacteria, P.
gingivalis LPS and IL-1β

Cellular responses of the organotypic oral mucosal model
were stimulated as described previously.22 The model
was activated with P. gingivalis (3×106 CFU), F. nuclea-
tum (3×106 CFU), P. gingivalis LPS (10 ng), and IL-1β (150
pg) using a nitrocellulose filter as a scaffold. An organ-
otypic model with only the membrane filter formed the
control group. After 2 h of incubation, models were fixed
overnight in phosphate buffered neutral 10% formalin at
-20◦C and later embedded in paraffin.

2.9 Immunohistochemical examination
of organotypic oral mucosal model

Paraffin-embedded samples of the organotypic oral
mucosa model were cut into 5-μm thick sections and
deparaffinized. The sections were immunostained
with hematoxylin and eosin (H&E), thymidine blue,
Ki-67, MCPIP-1, and MALT-1 using an automated

†††††Vitrogen, Cohesion Technologies, Palo Alto, CA, USA
‡‡‡‡‡ ThinCert, Greiner Bio-One, LA, USA

immunostainer.§§§§§ Briefly, the sections underwent
antigen retrieval in 1 mmol/L citrate buffer (pH 6.0) in a
microwave twice for 5 min and incubated with 3% H2O2
to block endogenous peroxidase activity. The primary
antibodies—MCPIP-1 Antibody (1:200 dilution) and
MALT-1(1:100 dilution)—were detected with biotinylated
secondary antibody. The membranes have been incubated
for 1 h with goat anti-Rabbit IgG (H+L) secondary anti-
body (1:10000 dilution)****** and streptavidin–horseradish
peroxidase and visualized with 3,3’ diaminobenzidine
tetrahydrochloride in horseradish peroxidase buffer.
Human lung (for MALT-1) and human kidney (for
MCPIP-1) tissues were used as positive staining controls.
Extra sets of staining omitting primary antibodies were
performed as negative controls.
The immunohistochemical stainings were evaluated

under a light microscope†††††† and high-resolution images
were captured to analyze signal intensities‡‡‡‡‡‡ with soft-
ware.§§§§§§ Intensities of the staining were determined
from both epithelium and connective tissue.

2.10 Statistical analysis

A commercial statistical analysis program******* was used
in all analyses. In all figures bar charts present values
of means and standard deviations. One-way analysis of
variance followed by post-hoc Tukey test was used to ana-
lyze levels of differences. A p-value ˂0.05 was defined as
statistically significant.

3 RESULTS

3.1 Effects of P. gingivalis, F. nucleatum,
P. gingivalis LPS and IL-1β on the viability
of HMKmonolayers

Viabilities of HMK monolayers after 2, 6, and 24 h of
incubation with P. gingivalis (ATCC 33277), F. nucleatum
(ATCC 25586), P. gingivalis LPS and IL-1β were presented
in Figure 1. After 2 h of incubation with F. nucleatum the
HMKproliferation increased (MOI 1:50 P= 0.005 andMOI

§§§§§ The LabVisionAutostainer automated immunostaining system, Lab
Vision Corporation, Europe
****** Cat. # 31460, Thermo Fisher, USA
†††††† Leica DMLB, Leica, Wetzlar, Germany
‡‡‡‡‡‡ Leica DC 300 V 2.0, Leica, Wetzlar, Germany
§§§§§§ ImageJ version 1.46c with immunohistochemistry image analysis
toolbox plugin version 2; Rasband WS, National Institutes of Health,
Bethesda, MD, USA
******* SPSS Statistics, version 26, IBM, Armonk, NY, USA
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F IGURE 1 HMK viability levels after 2, 6, and 24 h of
incubations with P. gingivalis (ATCC 33277), F. nucleatum (ATCC
25586), P. gingivalis LPS, and IL-1β. * Statistical difference (P <
0.005) with control. Bars indicate mean values and standard
deviations of triplicate assays

1:100 P = 0.003). P. gingivalis suppressed HMK prolifera-
tion at 6 and 24 h (P<0.001). P. gingivalis LPS and IL-1β
incubation did not affect the proliferation of HMK cells.

3.2 Effects of P. gingivalis, F. nucleatum,
P. gingivalis LPS and IL-1β onMCPIP-1
protein expression of HMKmonolayers

MCPIP-1 protein expressions of HMK monolayers after 2,
6, and 24 h of incubation with P. gingivalis (ATCC 33277),
F. nucleatum (ATCC 25586), P. gingivalis LPS, and IL-1β
were presented in Figure 2. P. gingivalis seemed to degrade
MCPIP-1 at all time points. MCPIP-1 protein expression
was suppressed by F. nucleatum (MOI 1:100) after 2 h incu-
bation (P = 0.003). After 24 h of incubation, MCPIP-1
protein expressionswere suppressed byF. nucleatum (MOI
1:50) (P<0.001),F. nucleatum (MOI 1:100) (p<0.001),P. gin-
givalisLPS (P<0.001), and by IL-1β (P= 0.003). No changes
in MCPIP-1 protein levels were observed after 2 and 6 h
of incubations with F. nucleatum (MOI 1:50), P. gingivalis
LPS, and IL-1β (Figure 2).

3.3 Effects of P. gingivalis, F. nucleatum,
P. gingivalis LPS and IL-1β onMALT-1
protein expression of HMKmonolayers

MALT-1 protein expressions of HMKmonolayers after 2, 6,
and 24 h of incubation with P. gingivalis (ATCC 33277), F.
nucleatum (ATCC 25586), P. gingivalis LPS, and IL-1β were
presented in Figure 3. MALT-1 protein expression was sup-
pressed by F. nucleatum (MOI 1:50 P= 0.011), F. nucleatum
(MOI 1:100 P<0.001), P. gingivalis LPS (P = 0.016), and IL-
1β (P = 0.022) after 2 h of incubation. P. gingivalis seemed
to degrade MALT-1 at all time points. No changes were
observed in MALT-1 levels after 6 and 24 h of incubation
(Figure 3).

3.4 Effects of P. gingivalis, F. nucleatum,
P. gingivalis LPS, and IL-1β onMCPIP-1 and
MALT-1 mRNA expressions of HMK
monolayers

MCPIP-1 mRNA expression levels after 2, 6, and 24 h of
incubationwithP. gingivalis,F. nucleatum,P. gingivalisLPS
and IL-1β were given in Figure 4. MCPIP-1 mRNA synthe-
sis was increased by F. nucleatum (MOI 1:50 P= 0.007 and
MOI 1:100 P = 0.005) after 2 h incubation. After 6 h of
incubation, MCPIP-1 mRNA syntheses were increased by
P. gingivalis (MOI 1:100 P = 0.01), F. nucleatum (MOI 1:50
P = 0.046 and MOI 1:100 P = 0.013), and IL-1β (P = 0.022).
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F IGURE 2 MCPIP-1 protein expression levels after 2, 6, and 24 h of incubation with P. gingivalis (ATCC 33277), F. nucleatum (ATCC
25586), P. gingivalis LPS, and IL-1β. *Statistical difference (P <0.005) with control. Bars indicate mean values and standard deviations. (Fifteen
μg of protein were loaded to 2 and 6 h gels and 40 μg of protein to 24 h gels)

F IGURE 3 MALT-1 protein expression levels after 2, 6, and 24 h of incubation with P. gingivalis, F. nucleatum, P. gingivalis LPS, and
IL-1β. *Statistical difference (P<0.005) with control. Bars indicate mean values and standard deviations

After 24 h after incubation, MCPIP-1 mRNA synthesis was
increased by F. nucleatum (MOI 1:50 P = 0.02 and 1:100 P
= 0.010) (Figure 4).
MALT-1 mRNA expression levels after 2, 6, and 24 h

of incubation with P. gingivalis, F. nucleatum, P. gingivalis
LPS, and IL-1β are presented in Figure 4. No significant
changes in MALT-1 mRNA were detected at any time
points.

3.5 MCPIP-1 andMALT-1 protein
expressions of HMKmonolayers incubated
with heat-killed P. gingivalis and/or P.
gingivaliswith protease inhibitor

MCPIP-1 and MALT-1 expression levels of HMKmonolay-
ers were analyzed after 2, 6, and 24 h of incubation with
P. gingivalis in the presence of protease inhibitor or with
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F IGURE 4 mRNA expression levels of MCPIP-1 and MALT-1 after 2, 6, and 24 h of incubation with P. gingivalis, F. nucleatum, P.
gingivalis LPS, and IL-1β. *Statistical difference with control. Bars indicate mean values and standard deviations

F IGURE 5 MCPIP-1 and MALT-1 protein expression profiles after 2, 6, and 24 h of incubation with P. gingivalis, P. gingivalis and protease
inhibitor, heat killed P. gingivalis, and heat killed P. gingivalis with protease inhibitor. Letter I indicates incubation media containing enzyme
inhibitors and letters HK indicate heat-killed P. gingivalis groups (see Figure S2 in online Journal of Periodontology for full size membranes)

heat-killed P. gingivalis (MOI 1:100) (Figure 5 see Figure
S2 in online Journal of Periodontology for full size mem-
branes). MCPIP-1 and MALT-1 proteins were detected at
all time points when P. gingivalis was heat-killed. Pro-
tease inhibitor alone did not inhibit MCPIP-1 or MALT-1
degradation.

3.6 Effects of P. gingivalis, F. nucleatum,
P. gingivalis LPS, and IL-1β onMCPIP-1 and
MALT-1 protein expression of the
organotypic oral mucosal model

MCPIP-1 and MALT-1 protein expressions of the organ-
otypic oral mucosal model after 2 h of incubation with

P. gingivalis (ATCC 33277), F. nucleatum (ATCC 25586),
P. gingivalis LPS, and IL-1β were presented in Figure 6.
No statistical difference was observed in MCPIP1 and
MALT-1 protein expression levels between the test groups
(Figure 6).

4 DISCUSSION

To our knowledge, the present study is the first to demon-
strate the suppressive effect of F. nucleatum, IL-1β, and
P. gingivalis LPS, on MCPIP-1 protein expressions of gin-
gival keratinocyte monolayers. P. gingivalis, on the other
hand, seemed to induce degradation of both MCPIP-1 and
MALT-1 proteins; however, this outcome was reversed
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F IGURE 6 MCPIP-1 and MALT-1 protein expression levels of organotypic oral mucosal models after incubation with P. gingivalis, F.
nucleatum, P. gingivalis LPS, and IL-1β. Cellular proliferation is detected with Ki-67 stainings. Bars indicate mean values and standard
deviations. White arrows indicate representative positively stained cells
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when P. gingivalis was heat-killed. These findings indicate
that oral bacteria may have both posttranscriptional and
posttranslational modifications on MCPIP-1 and MALT-
1, which supported our hypothesis. In addition, we also
demonstrated the expressions of MCPIP-1 and MALT-1
in an organotypic oral mucosa model, which mimics the
oral mucosa better than traditional on-a-plastic monolayer
models.
One major strength of the present study was the simul-

taneous analysis of mRNA and protein expressions of
MCPIP-1 andMALT-1 in gingival keratinocytemonolayers.
We also applied different stimulation intervals to follow
time-dependent changes. Due to the shifts in cell num-
bers with time, different amounts of proteins were loaded
in immunoblots for each time point. Thus, present results
do not allow us to follow the time-dependent changes.
Another major strength was the use of organotypic oral
mucosal culture models. Organotypic oral mucosal model
contains gingival keratinocytes and gingival fibroblasts
and allows to implement cellular interactions between
these two cell types into the study design. One limita-
tion of the applied organotypic oral mucosa model was
with its short test period in comparison to the monolayer
model. The present organotypic oral mucosa-infection
model forces bacteria to be in direct contact with the air.
This is significantly different from the monolayer model,
in which the human cells and bacteria are in a liquid envi-
ronment. Due to its strict anaerobic character, P. gingivalis
cannot survive in the presence of oxygen. On the other
hand, as we observed in our previous studies, F. nucleatum
can survive and increase its numbers in aerobic environ-
ments. 20 Due to their distinct characteristics in terms
of oxygen tolerance, we limited the culture time of the
organoid oral mucosa-infection model with F. nucleatum
and P. gingivalis for 2 h.
Previous studies indicated that proinflammatory media-

tors, such as LPS, IL-1β, and bacteria can activate MCPIP-1
gene expression.23,24 According to the present results,
P. gingivalis seems to induce the breakdown of MCPIP-
1. It was very recently demonstrated that P. gingivalis
cleaves gingival keratinocyte MCPIP-1 with its gingipain
activity.10 Our study indicated that the MCPIP-1 degrada-
tion can be inhibited by heat-killing of P. gingivalis, but not
with the use of protease inhibitors. According to previous
studies’ results, serine and cysteine protease inhibitions
were not sufficient to stop the degradative activity of P.
gingivalis.10 However, heat-killing of P. gingivalis inhibited
its actin degradation ability, suppressed cytokine response
activation, and also downregulated its IL-1β stimulation
capability from host cells.25 Structural actin is also a tar-
get for P. gingivalis gingipains, and P. gingivalisATCC 33277
and W50 strains can degrade actins as early as 1 h.26 As

demonstrated in our results, MCPIP-1, MALT-1, and β-
actin degradations were inhibited when P. gingivalis was
heat-killed. On the other hand, the altered recognition of
heat-killed bacteria may change innate immune responses
therefore this method has limitations to follow the cellu-
lar responses of human cells against bacteria.27 Moreover,
MCPIP-1 breakdown was not observed in the organotypic
oral mucosal models, indicating that the stratification of
keratinocytes allows them to defend themselves against
bacterial proteolytic activities by limiting the adherence
and invasion of bacteria and keeping bacteria and its pro-
teases away from the proliferating basal cells.28 An interest-
ing finding of the present study was that the incubation of
HMK monolayers with F. nucleatum suppressed MCPIP-1
protein expression,while at the same timeMCPIP-1mRNA
levels elevated at all tested time points. An explanation
of this phenomenon can be the degradation of MCPIP-1
by F. nucleatum, as described previously.29–31 Inverse cor-
relations between mRNA and protein expressions due to
post- or transcriptional modifications involved in turning
mRNA into protein or proteolytic degradation of the pro-
teins had been described previously.32 Yet, in the limits of
this study, the reason behind this inverse relationship is left
unexplained.
Based on our results, P. gingivalis degrades HMK

MALT-1 proteins and this outcome can be inhibited by
heat-killing of P. gingivalis. F. nucleatum, P. gingivalis
LPS, and IL-1β suppress MALT-1 protein levels only after
short (2 h) incubation. It was demonstrated that MALT-1
regulates the expression of proinflammatory cytokines in
keratinocytes and MALT-1 protease activity is an essential
part of innate and adaptive responses.33–36 MALT-1 activity
is controlled by antigen receptor ligation andmonoubiqui-
tination; however, contribution of inflammatory cytokines
or bacterial mediators toMALT-1 activity is unknown.37–40
Moreover, to our knowledge, there is no study to show the
modulation of MALT-1 expression or activity by periodon-
tal bacteria or in periodontitis. Yet, early (2 h) suppression
of MALT-1 and late (24 h) suppression of MCPIP-1 protein
expressions by inflammatory and infection mediators
may indicate that the activation of these two inter-related
proteins is not simultaneous. The present study limited
itself to three time points (2, 6, and 24 h) It was previously
demonstrated that the bacteria-induced IL-1β and IL-8
expressions of gingival epithelial cells reach their peak
levels after 6‒12 h incubations and stay steady after
24 h.41,42 Moreover it was also shown that the degradation
of MCPIP-1 by P. gingivalis starts as early as 30 min.10
Further studies with longer incubation periods can be
beneficial to demonstrate the time-dependent changes
in MCPIP-1, MALT-1, and proinflammatory cytokine
interactions.
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5 CONCLUSIONS

F. nucleatum, P. gingivalis, and IL-1β dysregulate gingi-
val keratinocyte MCPIP-1 and MALT-1 protein expression
profiles. While it is difficult to clinically interpret the
results of this in vitro study, our findings may propose
that periodontitis-associated bacteria-induced modifica-
tions in MCPIP-1 and MALT-1 responses can be a part of
periodontal disease pathogenesis. Well-optimized MALT-
1/MCPIP-1 gene silencing or knockout models will elu-
cidate the contributions of MALT-1 and MCPIP-1 on
cellular responses of gingival keratinocytes and will por-
tray causal relationships between MALT-1 activity and
MCPIP-1 degradation during infection and inflammation.
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