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ABSTRACT

Matrix metalloproteinase (MMP) -2 and -9,have been implicated in several pathological
conditions in the oral cavity. Particularly, the raised levels of MMP-2 and MMP-9 in
gingival crevicular fluid have shown to be associated with the increased severity of
periodontitis. Some previous studies have demonstrated that human gingival fibroblasts
(HGFs) and human gingival epithelial cells (HGECs) are resident periodontal cells to
mainly produce MMP-2 and MMP-9, respectively. Moreover, some studies have shown
the critical role of phospholipase D (PLD) and phospholipase A, (PLA)) as signaling
molecules to regulate MMP-2 and MMP-9 expression in other cell types and tumor cell
lines. Therefore, the objectives of this study were to determine the expression and activity
of MMP-2 and MMP-9 in HGFsand in HGECs wupon stimulation with
Fusobacteriumnucleatum (F. nucleatum) cell wall extract,phorbol 12-myristate-13-
acetate (PMA), or interleukin-1p, and to elucidate the signaling molecules involved in

up-regulation of these two MMPs.
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It was demonstrated that MMP-2 mRNAwas constitutively expressed in HGFs and
HGECs, while the expression and activity of MMP-2 protein were increased with
prolonged incubation times even in the absence of stimulants in HGFs, suggesting the
stability and a possible auto-activation mechanism of MMP-2 protein. By contrast, PMA
considerably induced MMP-9expression and activity in HGECs, whereasF.
nucleatumcell wall extract did so moderately.The time-course study demonstrated that
MMP-9 mRNA up-regulation was found at 3 hours of stimulation, whereas MMP-9
secretion and activity in cell-free culture supernatants occurred later at 12 hours of
stimulation.

PLDlaand PLDIB mRNA expression were constitutively expressed in HGECs;
however,PLD2 mRNA was up-regulated by all doses of PMA tested. BothF.
nucleatumcell wall extract and PMA induced PLD activity, resulting phosphatidic acid
production.Pretreatment HGECs with 1% (vol/vol) of ethanol and of 1-butanol, PLD
inhibitors, or withvarying doses of propranolol, a phosphatidic acid phosphatase
inhibitor, significantly inhibited MMP-9 expression and activity induced by both
stimulants (P<0.05). Furthermore, dioctanoylphosphatidic acid  and
dioctanoylglycerolcould up-regulate MMP-9 mRNA expression and activity even in the
absence of stimulants, confirming the importance of PLD in MMP-9 up-regulation.
Subsequently, it was found that the expression of cPLA,a was constitutive and the
transient activation of cPLA; by Ser505phosphorylation was observed in the HGEC
nuclei upon stimulation with F. nucleatum cell wall extract and PMA. Induction of
MMP-9 expression andactivity was significantly inhibited by 1 uM of thespecific
cPLAa inhibitor (P<0.01). In conclusion, the MMP-2 expression and activity are not

induced by the stimulants tested in this study in both HGFs and HGECs,
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whereasactivation of both PLD andcPLA,ais critical for induction of MMP-9 expression
and activity in HGECs in response to the periodontal bacterium, F. nucleatum, and PMA,
indicating that PLD and cPLA,a act as the important signaling molecules for MMP-9 up-
regulation. Based on all of these findings from this study, targeted inhibition of either
PLD, cPLAja, or both may be therapeutically beneficial for the management of oral
mucosal inflammatory disease, whose pathogenesis is involved in increased MMP-9

production, such as, periodontal disease, oral lichen planus, etc.



viii

A

4 a a d 4 a @ =
‘%!immmuwuﬁ ﬂTilLﬂﬂ\‘]ﬂf]ﬂl,l,agﬂTiﬂ'J‘]Jﬂlllf:]ull‘MMleiﬂ“]fm‘ﬂ'diaiﬂi@]l,uﬁﬁ uag -9

a

S v 9 s A s
11!L°]5ﬁaﬁiNtﬁu(lfll“rﬁ@ﬂuﬁ&%amg@ﬂN?Lﬂ?ﬁ]ﬂﬂ]ﬁ]ﬁul&!yﬂ

a

N1 waintdung uuasves

YSyan NUALNNEAANIABYTaIne

d' = a a d
AZNISHMSNYSAEMINeinus

Ao a A (=K [
IANN.AT. gNTVY ﬂi]‘]&lﬂ!?.ﬁﬂ‘igﬂ‘iﬂﬁ] 219158NUTnEvan

[ S a s (R 1
If.AT. ﬂﬁ%i})ﬂ ANNQF 219156N5nE15 90
v s 1= '
HWANNDY.AT. LNHT ﬂmwuﬁ 219156N15nE15 90
YR
UNANYD

u lmiunsnduialaldstng -2 uag -9 Tanuderdessulsanateriialuresthn Tasmme

l A @ J a 4 o = 31 A A A A dg} 3
@mwﬁmmmmu"l%mumﬂmwaiaiﬂsmuﬁ -2 uag -9 Glummammmﬂmwmuuu

1 F4
S =

v o Jdo Aav Jdo = A Y ¥y I ) Y
’ﬁll‘WU‘ﬁﬂﬂjﬁﬂﬂﬁﬂUQfJﬂLﬁ‘Uﬂﬁuuiﬂﬂlu ﬂTﬁﬁﬂ‘]&l"I“I/IW'lulﬂllﬂllﬁﬂﬂﬁlﬁWiU'N maaﬁimﬁu%um

a

a

J A A osjl | J [ awv Ja a 4 a d o =
waa!,meJmLmammﬂuwaaiummzﬂwuwwam’au"lmmw‘sﬂmwaiaiﬂimuﬁ -2 uag -9

a

Y
o

auddy 89l aniu Imsdnunuaasdsunumaeseu mived W lanlad vazwoa Tnl lawe

v

4 a 4 o =
fgcluﬂ'lﬁﬂ'lﬂﬂ‘llﬂ”lﬁllﬁﬂ\i@ﬂﬂ"llﬂ\i L@uhlclflllllﬂﬁﬂ“]ﬂll‘ﬂﬁiﬁiﬂiﬁluﬁ -2

Y
=1

s A = 7 4 o o = 2 Ao s A
ag -9 Glulcﬁaﬁﬂuc] FAUDUHFAANSLIN ANUU ﬂ’]ﬁﬁﬂ‘H’]uﬂﬂJ?@]Qﬂﬁgﬁ\iﬂl‘W’t’]ﬂﬂ’]illﬁﬂ\‘i@@ﬂuax

oy JuiluTuanaiid

Y o 4 a d @ = ) Y 4
manszqumsnnuvesou lyimmindwiia laldsdme -2 uaz -9 luwadasadulouazivaa

v

A a A A Y 9 [ @ 4 a a A a = A
RN UIDNINOYNNTSAUNIY gsanannntiasaaves lsuuaiGen  UIAAWLAN 150

o 9 @

A Aag A a Ja a A = A A A
A191AN (WDULD) 1D DUNDITAIAU-1LUAN uaz;wauﬁmaﬂmaqaﬁa YYIUNNYIVDINUNIT

9 J a o = osj a
ﬂﬁzqumuhlclmmmﬂ%mwaiamimuﬁmﬁawuﬂ



X

Y
%

= 1 [ J ) o 4 a 4 o = =Y
Naﬂﬁﬁﬂ‘]elTV‘HJ’IﬂigW]JGUG\‘]?Jﬁlﬁ]L!L’E]lﬂ‘i?i’ﬁ"lJ’E'J\1L’E'Ju11"113JL3J‘V]‘5ﬂ“HL3J‘V]ﬁIﬁI’]J§G]L1!ﬁ-2 HUUNTT

4
! @ J

= ~ J Y 9 d‘ a = ~ =
naaeannaInn lusadasuanlotazivadmoyHumion vuzNMsuaatoonued llsauas

9 o 3 A 42‘ A (=Y Y dy Y I X = a
msnszqumsinuiumnIuamnawd bifidansequia  Fldmudnnuadesiazeiama

LY a 9 a3 H Y
ﬂ'lﬂﬂﬁhlﬂﬂ'lﬁﬂﬁgﬂu@nlﬂ\ﬁlﬂ\iiﬂiﬁumﬂ Glumﬂmwm NBWD  UHUNTTAUNTUTAIDDNUAL

J A

nszdumIsThauvesmingusiala lsdue -9 luwadiveyfanionsdiann dauaisanann

v
@ 4 a A A a =y @ @ v
Nuﬂl%ﬁﬁﬂl@ﬁﬂ’ﬂ"mmﬂﬂﬁﬁm HUINALDAY uumzéjuiusmuﬂmﬂmq ﬂﬁﬁﬂ]ﬁﬁﬁ\ll’mW‘mﬂﬁ
¢ o o Fs a ¢ o = o Y o
Llﬂ@]\‘]ﬂ@ﬂ‘ll@Q@1ilﬂulﬂuiiﬁﬁﬂlﬂdlﬂul’l%NLﬂﬂiﬂ“ﬁlﬂﬂaiﬁiﬂﬁmuﬁ@ HAININITAU 3 #2134
~ o 4 9 o o a 4 % 2
"Uﬂ!%ﬁ/l’l/‘l’].lﬂﬁﬂﬂ\?f]’f)ﬂllﬂuﬁlﬂ!ﬁ]faﬁLla85fﬂiﬂiﬁiiﬂ1!ﬂﬁ‘VINTL!GUﬂ\uﬂuvlclmL?J‘Vliﬂ"lﬂllﬂﬁiﬁiﬂi@lmﬁ-

9 1AIMINTZAY 12 92109

J ) o 4 S v A A
wumsuﬁmaaﬂmmmiLau!,'amiwmamuhlwi/\laﬁm'lmﬂamu woarh waziuen ‘I/]ﬂ\WIGL'L!

<

A a A [l < A dgl J o o L4 2
iIradilioyANvien o8 lsimumumainInvesosiowethsiavoueu luivod Tn lanlady

A Yy 9 a g :/l o @ 4 a) A A a = o A g o 9
ONITTAUAIYINIDUILD 1/N?ﬂ'iﬂ’f‘lﬂmﬂwuﬂmaﬁ“UENW’JI%LHJ?]‘V]L‘EElil UINABDAY LLASNIDULD Vlﬂﬁ

o

maminszAumIthauves eulmiveallanlad uazifamsadunsavearhiian iiiels

Y '
ueaneaeddgunizuiumsivduen lsivea W lanladfanudutuiosas 1 uSelnsm

U

% @ QSI’ J aa a P
Tuasaduilumsduduon lmivoavhnanueda Weavuad wate 9 anududunszduirad
1 1 1 3 J o @ o L4
Aou  wunawsaduiimsudatesnveeisiouethsiaazminszdumsiauvesou la

a o U = d' 9 [ @ 4 a s A a = Y
Lllﬂ‘iﬂ%m‘ﬂﬂiﬁiﬂiﬁmﬁ@ ﬂgﬂﬂﬁ%ﬂuiﬂﬂﬁﬁﬁﬂﬂmﬂNu\?L“KﬁaﬂJﬂx‘lW’ﬂ“Mmﬂ‘m‘iEJ?J HINADAY

[V

=~ ] A v o aa A 1 qaj a aa a
uazidue seaiiedAunand (P<0.05) 83 lnImiu lassnmiuda Weavhinan ueda uay

b3

a J ) o
hlﬂ@@ﬂ“l/niu@a ﬂal“ﬁﬂﬁ@a mmiﬂﬂ'izé}ummﬁma’aﬂﬂlmmimu!,’e')m'iﬁﬁuaxmiﬂizéjumi
o L4 a o @ = I 18 o 9J a3 £ = dyd Y
‘1/]’]\1’]1«!3]@\1@141%11Lll‘]/]iﬂ“]ﬂllﬂaiaiﬂﬁﬁluﬁ-9 Lllllliﬂ\l{?’l')ﬂigiﬂ’l/llﬂ@nll FINANITANHIUYUYY

anuddnveaeu lasivoa v lanladlumsnszdueu lmiumIndunialalis@ma-o

uazdanuineulsileslalovdn Weoalulawlmenuearh msuaaseenvesersiouweriiai

A A 4 Ao aaa a A o "oa
avfuanumMIvIuved llsauginsnlaslgnsnmsmueomanagsudwmian - 505 lu

a

a = s A 4 @ @ s a A A a =
uﬁlﬂaﬂﬁﬂlﬂﬂlﬁ]ﬂﬁﬁ!%‘ﬂN’ng@ﬂlﬁﬂﬂﬁzéuﬁ’mﬁﬁﬁﬂﬂ‘ﬂTﬂNuﬂmﬂﬁﬁ“llf]dﬂ’ﬂ‘ﬁilmﬂﬂliﬂil HINa

Q

4 1
iy taziidue msiudvosoulmilylalsdn Woalulanlaeyueavh fnmdiudu 1 lu



Tas TuasTralumsdudimsnszdunisuanseenuaznisnszdums ey lsfunind

wiaTalls@ua-o ediivedAgnieada (P<0.01) 31 MmiugasoanuazmInszaumsnu
vosoulwdmninduialallsime2  luwadadadulonazswadiveyiaumion lignnszdu
Tagdnszdula o Tumsnnil Tuvagiimnszduen lasirloa Tullalad as ou'lsiileTa
Tasan ‘V\laaTW"lmﬂmauueawnfuﬁummﬁﬁwiamsﬂszéjuﬂmmma@ﬂuazmiﬂizﬁums

o 4 a o o =1 s A Aa A 1 =
‘VIN”IL!sllffN!,E)ullgl)’iJl,iJVliﬂ“]ﬂ,iJVlaIﬁIﬂimuﬁ-9 Glumamﬂaummmﬂ Glummauaummafgaw

Aa o 4 [} a == a = @ A =1 ] =~ d” Y I 1 o
ne5nue i W lesuuaniGen WA KIoEITIAN U WBND B 1R LﬂuhlGMJ‘V“E)Z‘T

]

=

Y 1
Tol'lanlad vaz wulxllslalodn Wealulanlaeyueariniudediuluanadedyanuiidda
° o 9 4 a o @ = =3 Y Y Y I 1
dmsumsnszquon lsimnsndwialalustume-o  nawamsAnsdedunaaslimums
Y
duds oulaivealnlanlad wazmse wulmilalaleda Woallanmeyuoarh vived
Usz Tomilumstiiasn Isalugeahniinerdestiumssmaudinszuiumsiia Isanoades

@ A d? 4 a o @ = 1 aov J @
ﬂumitwmummmu%mumﬂmumTaTﬂimuﬂ@ wu Isadsnua ag "lammwauﬂ



