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ABSTRACT

A disintegrin and metalloprotease 17 (ADAMI17) is a tumor necrosis factor (TNF)-converting en-
zyme and was first identified as the enzyme that cleaves the prodomain of TNF-q, a proinflamma-
tory cytokine that plays a central role in immune regulation and a variety of inflammatory
responses in destructive periodontal disease. The aim of the present study was to verify the pres-
ence of ADAM17 in the gingival epithelium and elucidate its involvement in the release of TNF-o
in oral keratinocytes. Immunohistochemical analyses of ADAMI17 were performed in gingival tis-
sues obtained from patients and in human oral keratinocytes (HOKs). Additionally, levels of
TNF-0. and ADAM17 in HOKs exposed to lipopolysaccharide (LPS) were assessed using en-
zyme-linked immunosorbent assays. Moreover, the effects of ADAMI17 inhibitor, matrix metallo-
proteinase (MMP) inhibitor, and ADAM17 siRNA on TNF-o concentration were assessed. Strong
immunoreactivity for ADAM17 was observed in the epithelium of the inflamed gingival tissues
and in HOKSs. Furthermore, treatment with either ADAMI17 inhibitor or ADAM17 siRNA inhibit-
ed the generation of TNF-a induced by LPS in HOKs. The present study demonstrates that
ADAMI17 is strongly expressed in the epithelium of gingival tissues and suggests that ADAM17

may be a key enzyme that regulates the generation of TNF-o in oral keratinocytes.

Periodontitis is an inflammatory disease that destroys
the supporting osseous and connective tissues of the
teeth, and is the most common cause of tooth loss
in adults (21). The periodontal inflammatory process
involves various proinflammatory cytokines such as
interleukin (IL)-1, IL-6, and tumor necrosis fac-
tor-alpha (TNF-a), which are considered important
modulators of inflammation (1, 2, 4). TNF-a is a
pro-inflammatory cytokine that plays a central role
in immune regulation and in a variety of inflamma-
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tory responses during destructive periodontal dis-
ease, thus contributing to the onset of periodontal
inflammation (12).

A disintegrin and metalloprotease 17 (ADAM17)
is a member of the ADAM family, a group of zinc-
dependent proteases that cleave membrane-bound
proteins and/or degrade the extracellular matrix (7).
ADAMI7 is a TNF-converting enzyme, first identi-
fied as the enzyme that cleaves the prodomain of
TNF-q, and is thought to be the main protease re-
sponsible for the release of TNF-a during the inflam-
matory response (3, 16, 17). In fact, the enzymatic
activity of ADAM17 is enhanced in diseases such as
rheumatoid arthritis and inflammatory bowel dis-
ease, which are characterized by elevated levels of
circulating or tissue TNF-a (8, 16, 18).

We recently reported that the severity of peri-
odontal disease might be associated with expression
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of the ADAMI17 gene in the buccal mucosal epithe-
lium (15). However, details of the ADAM family
role in the oral cavity, including that of ADAM17 in
periodontal disease, remain unclear. We hypothe-
sized that the ADAMI17 in oral mucosal epithelium
would be associated with development of oral dis-
eases such as periodontitis. Therefore, the present
study aimed to verify the presence of ADAMI7 in
the gingival epithelium and elucidate the involve-
ment of ADAMI17 in TNF-a expression in oral ke-
ratinocytes during the inflammatory response.

MATERIALS AND METHODS

Tissue preparation. This study was conducted with
the approval of the Kyushu Dental University Re-
search Ethics Committee (approval no. 010-032). In-
formed written consent was obtained from the
patients.

Gingival tissues were obtained from two male pa-
tients aged 60 and 65 years, who were attending the
hospital at Kyushu Dental University for treatment
of chronic periodontitis. Neither patient had any sys-
temic disorders. The gingival tissues were obtained
from sites at a periodontal probing depth of > 5 mm
during ‘bleeding on probing’ periodontal treatment.
The sample tissues were immediately frozen and
stored at —80°C.

Cell culture of human oral keratinocytes. Human
oral keratinocytes (HOKs, #2610) originating from
the oral mucosa and human oral mucosal keratino-
cyte 107 cells (hOMK107, #HOMK107) originating
from the gingival mucosa were purchased from Sci-
enCell Research Laboratories (Carlsbad, CA, USA)
and CellResearch Corporation (Singapore), respec-
tively. Oral Keratinocyte Medium-New Zealand
Origin BPE (OKM-NZ), Oral Keratinocyte Growth
Supplement-New Zealand Origin BPE (OKGS-NZ),
and penicillin/streptomycin solution (P/S) were pur-
chased from ScienCell Research Laboratories. Kera-
tinocytes were cultured in a keratinocyte growth
medium consisting of OKM-NZ with OKGS-NZ
and P/S (100 units/mL of Penicillin and 100 pg/mL
of Streptomycin). Cells were grown in 5% CO, at
37°C.

Reagents. Lipopolysaccharide (LPS) from Esche-
richia coli (E. coli) and Porphyromonas gingivalis (P.
gingivalis) were used as inflammation-inducers and
were purchased from Wako Pure Chemical Industries
(Osaka, Japan) and Astarte Biologics (Bothell, WA,
USA), respectively. TNF-a processing inhibitor-0
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(TAPI-0), a TNF-a converting enzyme/ADAM17 in-
hibitor, and GM 1489, a potent broad-range inhibitor
of matrix metalloproteinases (MMPs), were pur-
chased from Merck Millipore (Tokyo, Japan). Rabbit
polyclonal antibody against ADAM17, CFT™S555-
labeled goat anti-rabbit IgG, rabbit polyclonal IgG
antibodies, and a horseradish-peroxidase (HRP)-con-
jugated anti-mouse IgG were purchased from Eno-
Gene Biotech Co. (New York, NY, USA), Biotium,
Inc. (Hayward, CA, USA), Abcam (Tokyo, Japan),
and GE Healthcare (Tokyo, Japan), respectively.
VECTASHIELD Mounting Medium with DAPI was
purchased from Vector Laboratories, Inc. (Burlin-
game, CA, USA). Phosphate-buffered saline (PBS),
anti-B-actin monoclonal antibody and a HRP-conju-
gated anti-rabbit IgG were purchased from Sigma-
Aldrich Japan (Tokyo, Japan). Small interfering RNA
(siRNA) targeting ADAM17, siRNA transfection re-
agent, siRNA transfection medium, siRNA dilution
buffer, and scrambled control siRNA were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA).

Immunoblotting. HOKs and hOMK107 cells were
grown to near confluence in 6-well culture plates
(Iwaki® Cell Biology, Tokyo, Japan) and lysed with
lysis buffer (50 mM Tris/HCI buffer pH 7.5, 100 mM
NaCl, 1 mM EDTA and 1% TritonX100). The lysate
samples were fractionated on 8% SDS-PAGE and
transferred to PVDF transfer membranes (Hybond-P;
GE Healthcare, Tokyo, Japan). Membranes were
probed with anti-ADAMI17 polyclonal antibody
(concentration, 1:1000) or anti-B-actin monoclonal
antibody (1 : 500). Membranes were incubated with
an HRP-conjugated anti-rabbit IgG (1 : 10,000), or a
HRP-conjugated anti-mouse IgG (1 :2,000) as a
second antibody. After additional washes, bound an-
tibodies were detected using ECL reagents (GE
Healthcare).

Immunofluorescence analyses of ADAMI7. Tissue
fragments were fixed in 4% paraformaldehyde, em-
bedded in paraffin and sectioned (5 pum). Sections
were then deparaffinized by immersion in xylene
and a graded series of ethanol (70—100%). The tis-
sue sections were treated for 30 min in blocking
buffer (Tris-buffered saline, 1% bovine serum, and
0.2% gelatin) and incubated with rabbit polyclonal
ADAM17 antibody (working dilution, 1 :200) over-
night at room temperature. After rinsing in PBS, the
sections were incubated with CF™S555 goat anti-rab-
bit IgG (working dilution, 1:1000) overnight at
room temperature in a dark room. After rinsing the
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sections in PBS, VECTASHIELD Mounting Medi-
um with DAPI was added.

HOKs and hOMK107 cells were grown to 60%
confluence on a CHAMBER SLIDE II (Iwaki® Cell
Biology), washed three times, then fixed and perme-
abilized for 15 min in methanol/acetone (1:1) at
—20°C. The cells on cover slips were treated for
30 min in blocking buffer and labeled with anti-
ADAMI17 primary antibodies (1:200). The cells
were washed three times in PBS and incubated
overnight at room temperature with CF™S555 goat
anti-rabbit IgG (1 : 1000). The cells on cover slips
were washed an additional three times in PBS and
stained using VECTASHIELD Mounting Medium
with DAPL

All preparations were visualized using a fluores-
cence microscope (BZ-9000; KEYENCE, Osaka, Ja-
pan). Images were captured digitally and processed
using BZ-I1 imaging software (KEYENCE).

For the negative control, the primary antibody
was replaced with the primary antibody diluent/
blocking buffer or isotype control/ rabbit polyclonal
IgG (1 : 1000). Controls were negative in all cases.

Cell viability. HOKs were seeded at 5.0 x 10° cells
per well in 96-well culture plates (Iwaki® Cell Biol-
ogy). HOKs viability following exposure to E. coli
or P. gingivalis LPS, TAPI-0, or GM 1489, was com-
pared with control cell viability using the CellQuanti-
MTT Cell Viability Assay kit (BioAssay Systems,
Hayward, CA, USA), following the manufacturer’s
protocol.

Enzyme-linked immunosorbent assay (ELISA) to de-
tect active ADAM17 and TNF-a from HOKs. HOKs
were seeded at 1.0 x 10° cells per well in 24-well
culture plates (Iwaki® Cell Biology). After 24 h, the
cells were washed once in PBS and incubated for a
further 3, 6, or 12 h in medium containing 1 or
10 pg/mL of LPS from E. coli or P. gingivalis, or in
medium alone (control).

HOKs seeded in the same way as those described
above were incubated for a further 6 h in medium
containing 10 pg/mL LPS from E. coli or P. gingi-
valis alone or in combination with either 100 nM
TAPI-0, 500 nM GM1489, or 100 nM TAPI-0 plus
500 nM GM1489; or in medium alone (control).

The concentrations of ADAM17 in the cell lysates
and TNF-a in the cell culture supernatants were de-
termined using the ELISA Kit for ADAMI17 (Sensi-
tivity: 0.060 ng/mL; Cloud-Clone Corp., Houston,
TX, USA) and the Human TNFo ELISA Kit (Sensi-
tivity: 8 pg/mL; Diaclone, Besancon Cedex, France),
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respectively, according to the manufacturers’ proto-
cols.

RNA interference. HOKs were seeded in a CHAM-
BER SLIDE II and at 5.0 x 10° cells per well in 96-
well culture plates, and siRNA-targeting ADAM17
was then transfected into the cells according to the
manufacturer’s instructions. Negative control cells
were exposed to scrambled siRNA oligonucleotide.
After transfection, cells in the CHAMBER SLIDE
II were cultured in keratinocyte growth medium for
24, 48, or 72 h. Down-regulation of ADAM17 pro-
tein was then confirmed using immunofluorescence
as described above. Cells randomly selected after
transfection were normalized to the number of cell
nuclei in each image with a minimum of 100 cells,
and the mean fluorescence intensity for ADAMI17
was measured using BZ-II imaging software (KEY-
ENCE).

Cells in the 96-well culture plates were incubated
for 24, 48, and 72 h in serum-free keratinocyte
growth medium following transfection. Viability of
these cells was analyzed as described above.

Cells were also seeded at 1.7 x 10° cells per well
in 24-well culture plates. At 72 h after transfection
with siRNA-targeting ADAMI17 and the scrambled
siRNA oligonucleotide, the cells were incubated for
6 h in medium containing 10 pg/mL LPS from E.
coli or medium alone (control), and the concentra-
tion of TNF-o in the cell culture supernatant was
analyzed as described above.

Statistical analyses. Data are expressed as the mean
+ standard deviation for double or triple determina-
tions. Statistical significance between untreated con-
trols and each sample was determined by analysis of
variance (ANOVA) with Dunnett’s test and the t-test.
Correlations between the ADAM17 and TNF-a lev-
els in HOKs were assessed by Spearman’s rank cor-
relation analysis. All analyses were conducted using
SPSS software (IBM SPSS Statistics, version 20-J;
IBM Corp., Armonk, NY, USA). The level of statis-
tical significance was set at <0.05.

RESULTS

Expression of ADAM17 in gingival tissues and HOKs
Immunohistochemical analysis was performed to
verify ADAMI17 protein expression in the gingival
epithelium (Fig. 1). The ADAMI17 immunoreaction
showed the coarse granular cytoplasmic staining
pattern in the cells of the gingival epithelium. Fur-
thermore, immunoblotting and immunofluorescence
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analyses were performed to examine the protein ex-
pression and differences in subcellular distribution
of ADAM17 in HOKs and hOMK107 cells (Fig. 2).

Patient 1

Patient 2

Fig. 1 Immunofluorescence of ADAM17 in gingival tissues.
Microscopy images of ADAM17 (red) (A and D); ADAM17
(red) counterstained with nuclear DAPI (blue) (B and E);
and isotype control counterstained with nuclear DAPI (blue)
(C and F). A-C and D-F show the images of gingival tis-
sues obtained from patient 1 and 2, respectively. OE: oral
epithelium. White bar, 50 pm.

(4)
ADAM17
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By immunoblotting analysis, two characteristic im-
munoreactive protein bands, corresponding to the
120 kDa immature form and 100 kDa mature form
of ADAM17, were consistently detected in the blots
of lysates of HOKs and hOMK107 cells (Fig. 2A).
Additionally, ADAM17 was expressed at high levels
in the cytoplasm of HOKs and hOMKI107 cells,
with especially high fluorescence observed in the
nucleus of HOKs and the perinuclear region of
hOMK107 cells (Fig. 2B-G).

Effect of LPS, TAPI-0, and GM1489 on cell viability
The viability of HOKs treated with inflammatory in-
ducers (LPS of E-coli and P. gingivalis), MMP in-
hibitor (GM1489), and ADAMI17 inhibitor (TAPI-0)
was assessed. None of the reagents added to the cul-
tured cells had any influence on cell viability.

Effect of LPS on protein expression levels of TNF-a
and ADAM17 in HOKs

Following exposure to LPS, the protein levels of
ADAM17 in the lysate of HOKs and TNF-a in the
supernatant were assessed. In HOKSs treated for 3 h
and 12 h with 10 pg/mL E. coli and for 12 h with

120 kDa: [”igg ] :Immature ADAM17

100 kDa

f3-actin .
12 kDo ™ DN

(E)

)

hOMK107 HOKs

Mature ADAM17

(G)

Fig.2 Expression and subcellular distribution of ADAM17 in HOKs and hOMK107 cells. Protein expression of ADAM17
detected by immunoblotting. (A) Microscopy images of ADAM17 (red) (B and E), ADAM17 (red) counterstained with nuclear
DAPI (blue) (C and F), and isotype control counterstained with nuclear DAPI (blue) (D and G). B-D and E-G show the im-

ages of HOKs and hOMK107, respectively. White bar, 30 um.
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Fig. 3 The effect of LPS exposure on ADAM17 and TNF-a protein expression in HOKs. (A) Expression of ADAM17 in su-
pernatant of HOK cultures treated with LPS. (B) Expression of TNF-a protein in HOKs treated with LPS. Cells were ex-
posed to 10 ug/mL or 1 ug/mL of either E. coli or P. gingivalis LPS, and incubated for 3 (white bar), 6 (black bar), or 12
(grey bar) h. Bars and error bars represent the mean and SD, respectively, of three independent experiments. *P < 0.05 vs.
untreated control cells (ANOVA with Dunnett’s test). (C) Correlation between ADAM17 and TNF-a protein levels. r and P
values were assessed by Spearman’s ranking correlation analyses.

10 and 1 pg/mL P. gingivalis LPS, the mean levels
of ADAM17 were significantly increased compared
with untreated control cells (Fig. 3A). Furthermore,
in HOKs treated for 3 h and 6 h with 10 pg/mL E.
coli LPS, for 6 h with 1 pg/mL E. coli and for 3 h
with 1 pg/mL P. gingivalis LPS, the mean levels of
TNF-0 were significantly increased compared with
untreated control cells (Fig. 3B). Moreover, the pro-
tein expression of ADAM17 and TNF-a to E. coli
LPS tended to react dose-dependently, while the
protein expression levels of ADAM17 and TNF-a to
1 yg/mL P. gingivalis LPS increased higher com-
pared with those to 10 pg/mL LPS.

Associations between the protein levels of ADAM17
in the lysate and TNF-a in the supernatant of HOKs
treated with LPS under different conditions were as-
sessed by Spearman’s correlation analysis (Fig. 3C).
Protein levels of TNF-a in the supernatant of cells
were significantly correlated with those of ADAM17
in the cell lysate (#=0.713).

Effect of TAPI-0 and GM1489 on TNF-o. protein ex-
pression in HOKs exposed to LPS

TNF-o. protein levels were determined in the superna-
tant of HOKs exposed to LPS (6 h, 10 pg/mL E. coli

0 Untreated control cells
n+E-coli LPS
@ +P. gingivalis LPS

TNF-a (pg/mL)

+ GM1489
+ LPS

- + + + + + + +

Fig.4 Effect of TAPI-0 and GM1489 on TNF-a protein ex-
pression in HOKs exposed to LPS. Cells were incubated
with 10 pg/mL E. coli or P. gingivalis, 100 nM TAPI-0, and/or
500 nM GM1489. White bar: TNF-a in untreated control
cells; Black bar: TNF-a in cells treated with E. coli LPS;
Grey bar: TNF-a in cells treated with P. gingivalis LPS. Bars
and error bars represent the mean and SD, respectively, of
three independent experiments. *P < 0.05 vs. untreated con-
trol cells.

or P. gingivalis) with and without TAPI-0, GM 1489,
or both combined (Fig. 4). Compared with untreated
control cells, TNF-o. levels tended to increase in the
presence of LPS. Furthermore, cells exposed to E.
coli but not P. gingivalis LPS had significantly en-
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Fig. 5 Effects of siRNA targeting ADAM17 mRNA on HOKSs. (A) HOKs stained for ADAM17 and counterstained with nu-
clear DAPI. White bar, 50 um. (B) The relative fluorescence intensity for ADAM17. Cells were randomly selected after trans-
fection and normalized to cell number. The mean fluorescence intensity for ADAM17 was measured using BZ-Il imaging
software (KEYENCE). Bars and error bars represent the mean and SD, respectively. Black bar, scramble siRNA; white bar,

ADAM17 siRNA. *P < 0.05 vs. scramble siRNA (t-test).

hanced TNF-a levels compared with untreated con-
trol cells. Treatment of cells with GM1489 or/and
TAPI-0 in the presence of LPS tended to inhibit
TNF-a levels. TAPI-0 inhibited LPS-induced TNF-a
to a greater extent compared with the minimal inhi-
bition observed by GM 1489 alone.

Effect of siRNA targeting on ADAMI17 expression in
HOKs

Expression levels of ADAMI17 in HOKSs transfected
with ADAM17 siRNA or scramble siRNA control
were assessed by immunofluorescence at 24, 48, and
72 h post-transfection (Fig. 5). At 48 and 72 h post-
transfection, ADAM17 was visibly down-regulated
compared with control cells (Fig. SA). Furthermore,
the mean fluorescence intensity of ADAMI17 at 24,
48, and 72 h post-transfection was significantly re-
duced to approximately 75%, 30%, and 20% of that
in the control cells, respectively (Fig. 5B, P <0.05,
t-test).

Cell viability post-transfection was not significant-
ly different between cells transfected with ADAM17
siRNA, cells transfected with scramble siRNA, or
untreated control cells at 48 and 72 h. However, cell
viability at 24 h after transfection with siRNA tar-
geting ADAM17 and scramble siRNA was signifi-
cantly lower compared with untreated control cells
(Fig. 6).

The concentration of TNF-a in the supernatant of
HOKs transfected with ADAM17 siRNA was mea-
sured at 72 h post-transfection to verify the role of
ADAM17. When LPS was added to the ADAM17
siRNA transfected cells, the TNF-a level did not in-
crease significantly compared to that in the cells
without LPS. However, the TNF-a level was signifi-
cantly higher in the control cells and the cells trans-
fected with scramble siRNA compared with those
without LPS (Fig. 7).
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Fig. 6 Effects of ADAM17 siRNA on the viability of HOKSs.
Bars and error bars represent the mean and SD, respec-
tively, of three independent experiments. Black bar, untreat-
ed control; white bar, scramble siRNA; gray bar, ADAM17
siRNA. *P < 0.05 vs. control (ANOVA with Dunnett’s test).

DISCUSSION

ADAM17 is widely expressed in various tissues in-
cluding the brain, heart, kidney, and skeletal muscle
(3), and is associated with many conditions includ-
ing inflammatory diseases and malignancies (11).
Our recent study indicated that several metalloendo-
peptidase genes, including ADAMI17, are expressed
in the buccal mucosal epithelium of patients with
severe periodontitis (15). However, details on the
protein expression of ADAMI17 in human oral tis-
sues and the relationship between ADAMI17 and
oral diseases have not been reported.

The present study demonstrates that ADAMI17 is
expressed in the oral epithelium of human gingival
tissues and HOKs. In this study, however, only in-
flamed gingival tissues taken from sites of ‘bleeding
on probing’ were used. Therefore, differences in the
presence of ADAMI17 in the oral epithelium be-
tween inflamed and non-inflamed gingival tissues
remain unclear. However, ADAMI17 is assumed to
be expressed at lower level in the epithelium of the
non-inflamed gingival tissues compared to inflamed
gingival tissues, since a previous study has already
reported that a low level of ADAMI17 is selectively
expressed in epithelial basal layer and supra-basal
layer cells and in some lamina propria fibroblasts of
normal oral mucosa tissues compared to ADAMI17
expression in the cancer cells of head and neck cancer
tissues at higher level (10). Although further studies
are needed to demonstrate that ADAMI17 is related
to oral diseases such as periodontitis, ADAM17 ex-
pression in gingival tissues is assumed to change ac-
cording to periodontal health status.

Previous studies suggest that the majority of the
active form of ADAM17 is localized in the perinu-
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Fig.7 The effect of ADAM17 siRNA on LPS-induced
TNF-a expression from HOKs. TNF-a expression in the su-
pernatant of HOKs exposed to 10 pg/mL E. coli LPS after
transfection with ADAM17 siRNA was assessed by ELISA.
Bars and error bars represent the mean and SD, respec-
tively, of two independent experiments. *P < 0.05 vs. un-
treated control cells (t-test).

clear region, with a small amount present in the plas-
ma membrane (11, 20). The immunofluorescence
results in this study also indicate that ADAMI17 is
predominantly expressed in the perinuclear region in
oral keratinocytes in addition to the cytoplasm and
nucleus. The prodomain of ADAMI17 is thought to
be cleaved by furin, a pro-protein convertase, in the
trans-Golgi network (20). Therefore, ADAMI17 in
oral keratinocytes may be converted from an imma-
ture to mature form in the trans-Golgi network.
Another study reported that LPS treatment in vi-
tro and in vivo increased ADAMI17 mRNA expres-
sion in cultured lung endothelial cells and in the
lungs of mice, respectively, and that the upregula-
tion was associated with an increase in ADAMI17
activity and cleavage of ADAMI17 substrates within
a similar time frame (6). In the present study, stimu-
lation by LPS originating from E. coli and P. gingi-
valis was used to induce TNF-o and ADAM17 release
from cells. LPS stimulation enhanced the level of
ADAMI7 and TNF-a secreted from oral keratino-
cytes, although differences in the level of enhance-
ment existed with respect to the origin, concentration
and time of LPS exposure to the cells. Previous
studies report that the signaling pathway of P. gingi-
valis LPS differs from that of E. coli LPS in cells
(22), which leads to differential immune responses
with respect to mRNA expression levels and the
time course of each cytokine (5). Thus, differences
in TNF-a levels released from cells following E.
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coli and P. gingivalis LPS stimulation may relate to
differences in the signaling pathways. In this study,
E. coli LPS was a more useful inducer of TNF-a to
verify the influence of ADAMI7 on the release of
TNF-a in oral keratinocytes, since the aim of this
study was not to investigate the signaling pathway
of LPS. Conversely, P. gingivalis LPS was more
suitable to verify the relationship between TNF-a
and periodontitis. Furthermore, significant correlation
existed between the levels of TNF-o. and ADAM17,
which were simultaneously induced by a variety of
LPS stimulation. These findings suggest that the lev-
el of ADAMI7 induced by LPS treatment in oral
keratinocytes might directly influence that of TNF-a
secreted from the cells in the short period of time.

TNF-o is a key pro-inflammatory cytokine within
destructive periodontal disease. Elevated levels of
TNF-a from various cells in gingival tissue are as-
sociated with the destruction of periodontal tissues,
including bone resorption (12). Therefore, TNF-a in
the early inflammatory stage of periodontitis is re-
garded as a therapeutic target, and the inhibition of
the enzyme involved in TNF-a cleavage is an im-
portant strategy for the regulation of inflammation
linked to TNF-a. Although ADAMI17 has emerged
as a candidate enzyme responsible for the produc-
tion of TNF-a, other proteases, including MMP-7,
have also been implicated in releasing TNF-o (13,
19). In the present study, we considered whether
TNF-a induced by LPS stimulation was influenced
not only by ADAM17, but also other enzymes, such
as MMPs. To investigate this, an ADAM]17 inhibitor
(TAPI-0) (9) and a potent broad-range MMP inhibi-
tor (GM1489) (14) were used to investigate the in-
hibitory effects of TNF-a expression induced by LPS
stimulation. TAPI-0 was found to inhibit not only
ADAM17 but also some MMPs, whilst GM1489 in-
hibited many MMPs but not ADAMI17. Therefore,
we considered that the difference in the response to
TAPI-0 versus GM1489 was influenced by the inhi-
bition of ADAMI17. The present study indicates that
TAPI-0 inhibited LPS-induced expression of TNF-a
to a greater extent compared with GM1489. This sug-
gests that LPS-induced TNF-a is regulated by the ac-
tion of ADAMI17. Additionally, this study indicates
that ADAMI17 siRNA can effectively down-regulate
ADAM17 expression in oral keratinocytes and that
LPS treatment of these cells does not induce TNF-a.
Thus, ADAMI17 appears to be a key enzyme for the
production of TNF-a in oral keratinocytes.

In conclusion, the present study has demonstrated
for the first time that ADAMI17 is expressed in the
epithelium of gingival tissues and that it acts as an
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enzyme regulating the generation of TNF-o in oral
keratinocytes. This may lead to a novel approach for
the prevention and treatment of oral diseases such
as periodontitis.
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