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& AFY AYF el ok AR7IEE
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HEHE Eao)] Tojshs MMP A4TE AYE
Q A, Y A L A A Foll B,
AEZHAL 37}t AP oyt A, 2
35, AF 9% AW Tofsh=s A2 UBA 3l
o MMP 470 &3k BAES W7 o
# $EA 2 2044F 0] YA 1.2, predomain,
prodomain, metal ion-binding catalytic domain,
hinge domain, hemopexin-like domaing FELE
7HAla gt} dA7A] BHE BE MMPES 84
o] 1% proenzyme 2 E A 0] HE o 2 i

259, prodomain®] AEEO. 24 MMP] &A%}
7} o] FoJ-TP, MMP A AT 714 Eo] A9 uje}
collagenase A, gelatinase A4, stromelysin A€
2 1ProlA o, H2 transmembrane domaing
7}A)= membrane type-MMP(MT-MMP)E©] &&]
W =4 4712 AGE ERET QU 713 Bl
o 3 Q771 BEE MT-MMP Al G-& A <) 3 v
2] 34| de] MMPEL 7|3 Eo]4o] vy FHe)
o] A3 sk 713 Qols gF AENE 74 BE
B8 N2 FEHA 7|AZ AR AFAR A
o} FEE ACE MMP 1,2,3,8,9,13 5 84 F
717k iAo,

MMP BE&T Z type IV collagend #33l=
gelatinase Al Y& 72-kDa gelatinase (MMP-2,
Gelatinase A)$} 92-kDa gelatinase (MMP-9,
Gelatinase B)o] 4#{# gl+d 242 thE mRNAY
A AAETh MMP-2E 1 48 $8t old& ¥
a2 8 X359 e 9§ prodomaine] 2
66kDao] 5o type IV, V, VII collagen¥} fibronectin,
18] elastin 59 T AEHE FA JEES
B389, denatured collagen$! gelating ¥3]3H}.
3 MMP-2¥ in vitrodl|A] 4-aminophenylmercuric
acetate (APMA), sodium dodecyl sulfate (SDS) -]
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N E GAsE T MMP-2E 7|4 eke] 9 A
841 type IV collagen®] triple-helical 3-3-& At
o2 dRAA, FX A F, 2528 Btk ol
ok Ho] R v gA dt YA o3 Y 5
o] ANz F83 9TL I} web MMP-2
o] AAAE K83 FUA 2 FAY 28A 59
SJokEo.2 A149 2 210) AL 2 MP29] <
AAE B E B3 A7 DY T gleps,

AFH HAaZH e TANE o} o] 27}
Bz, 22 {18} superoxide anion, hydrogen per-
oxide, nitric oxide (NO), peroxynitrite 5, EAAk4
% (Reactive oxygen species, ROS)0| Z7}31] "tk
78 71 & NOT nitric oxide synthases (NOS)]| ]3]
L-arginine . 2R E {2 Hr}. NOS isoformol =
endothelial cell NOS (ecNOS), brain NOS (bNOS,
nNOS), inducible macrophage-type NOS (iNOS)7}
2.5, cNOsdl| 2J3te] iAoz Ha gk oo A
AE B4 A7 de AME I, o9 g
INOSE B2 2] NOE Atsle] 44 dAge] 7
o) FAgich

MMP2] 27} iNOSS] f- =7} E7 <] 74 o) A]qh
T I 2k FaArgo) Q& Qi) oo 2A%}
o Hirai 592 FrHEl2A #EHolA pro-inflam-
matory cytokines (IL-18, IFN- ¥, TNF-a)9)| <J3f =}
T2 synovial cell®] INOS 2J8) NO ¢ko] Z7}3}
© Ag BARI, o] 50| FAEZE 83
MMP2] & F7HAIZIT)aL 3h9ich

mEA, o] AT M E Folel 2w 93t W)

7138& ke AFAS 2] MMP 84339 1)
Ae FHE I AF 229 Aol T A
NO¢ 2ol ofs MMPe] B&o] fE8 Holgkn
7HE3HL, o]o NO FAE Fofate] X &dfobd
FEoxe] MMP Ao ot ke m)x|=x] o}
39tk B d7e) dik= NOZL A goliEes
Bl MMP-2 #H & f 528 4= 9182 A A8k gih
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Peroxynitrite, hydrogen peroxide, sodium nitro-
prusside (SNP)52] ROS$}, INK inhibitor II, G0G976,
genistein, indomethacin, SB203580, FPTI III,
PD98059, H7, PDTCS} LY294002 =9 kinase
inhibitor Calbiochem (La Jolla, CA, USA).2. 2XE]
T4k}, Phenazine methosulfate (PMS), gelatin,
sodium dodecyl sulfate, acrylamide, bis-acrylamide,
glycerol, tris, ammonium persulfate, glycine,
Commassie Brilliant Blue R-250, penicillin, strepto-
mycin, HEPESE Sigma (ST. Louis, MO, USA) 25-E]
T3+t Reverse transcription kit& Promega
(Madison, WI, USA)ZF-E] T3] 00 polymerase
chain reaction& 938} primers Bioneer (8 A9
)X FEE Q). Gentamycin, DMEM, fetal
bovine serum-<& Invitrogen (CH Groningen,
Netherlands) & 256 T3 0™ PH]-thymidined}

Table 1, Kinase inhibitor substance to find the signal pathway

Subtance Function in Signal pathway

JNK inhibitor IT JNK inhibitor

PD98059 MEK-ERK pathway inhibitor

SB203580 P38 inhibitor

LY294002 PI3-kinase inhibitor

Go6976 calcium dependent protein kinase C inhibitor
Genistein Tyrosine kinase inhibitor

H7 Inhibitor of PKA, PKC, and PKG

FPTI I Ras processing inhibitor

PDTC NF-k AB inhibitor
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polyacrylamide gel electrophoresis& 3§ kit
Amersham Pharmacia 8 8-8| reverse transcription}
PCR A]¢k& Takara (Shiga, Japan)dllA] -4 3HTt.

2, epes

T} Q1A A2 MQOMMIE 2 HT1080 M2 B

AN o2 773 304 o] HFIARTEH,
g 2R o|fE YAE = T AT A
z23& dAt} X LZ3E penicillind} strepto-
mycing ¥ 33 DMEME AHS-31e] 38 BkE-3le] 4
ol & e 7o g AST} Primary cultures
20% fetal bovine serum, penicillin (100 #g/ml),
streptomycin (100U/m)& E38= DMEME AN
3t o] FoiR ). 1A F A EE 10 mM HEPES,
50 mg/L gentamycin, 10% fetal bovine serum-& 3}
% DMEM ¥ A] oA} {-A| AT}, MMP-29} MMP-9-&
HEsE UEE AXE ¢z HT1080 A
(Human fibrosarcoma cell line)%. X]-23-f-o} 4| ¥ 9}

22 27904 718

L}, [8H}-Thymidine Incorporation Assay

A X %22 H]-thymidine incorporation®y& ©|
g3t} 245 HNEE 6 well plated] HF F
vl Fste], MES} 70-80% L of, AT ThF3H
ROS 3 E= kinase inhibitor(Table 1)& 8]k
F 2N F4), 1 #Cig) BHIthymidine& W3 244]
2t oA vkt AIEEL PBS (137 mM Nadl,
2.7 mM KCl, 4.3 mM Na:HPOs.7Hz20, and 1.4
mM KHPO4) 2 28 RoJUl T 0.4 M NaOHd| &3]
A7 & AEW HALAE liquid scintillation
counter2 &4 34},

t}, Zymography

MMPYE 2817 $18he] MMP-29F MMP-9 713
¢1 gelatin 0,1%8 X3l 10% sodium dodecyl
sulfate polyacrylamide gelol] MEu] ¥ A5 AlE
£ 2 x SDS buffer (2% SDS, 60 mM Tris-HCl, pH 6,
5% glycerol, 0.05% bromophenol blue)$} 42 F
v 3] 20N Blste A7|9Esant 1719
% % washing buffer (50 mM Tris-HCl, pH 7.5, 100
mM NaCl, 2.5% Triton X-100)2. 2 1A1ZF B¢ A3
3te] MMPsE A48 B €481 3T} THA] Triton
X-1000] §l¥= washing buffer2 10837+ A 33131,
incubation buffer (50 mM Tris-HCl, pH 7.5, 150 mM
NaCl, 10 mM CaClz, 0,02% NaN3, 1mM ZnClL)Z
370Co)| A 18A13F BR&-AlF ), ©] gel& Coomassie
brilliant blue® J4§+ & washing buffer2 €53}
of MMPs9] 84 Wl =8 181t

2} RNA Isolationz} RT-PCR

vj ke NEERE TRl A]2KMolecular Research
Center) ol & RNAE ReJsie] F 22ke)
first-strand cDNAY= 1 #g RNAS} MuLV reverse tran-
scriptase (Gibco BRL, Gaithersburg, MD)& AF&-3}
& 42°Col| Al 4587} reverse transcription® 3] A
At} o] cDNAE 99°CHlA 583 MAAIZ] F 5°C
ol 218]1 o) & F-E3) AME-8}%T}. PCRE #1314
5 €] denatured cDNA, 1U Taq polymerase (Gibco
BRL), Z2+¢] 1 #M primer (Table 2), 1.5 mM MgCL
o} Ztzte] 1.5 #M dINTPE E§3} Taq polymerase
bufferg 40] & 20 d EFAE WE olE
thermal cycler (Perkin Elimer, MA, USA)el| 4] 94°C 1
B 540C 13, 72°C 187} 28 cyde s B3 FZ3

Table 2, Specific primer used in PCR

Target Primer sequence

MMP-2(sense) 5-TTTTCTCGAATCCATGATGG-3
MMP-2(antisense} 5-CTGGTGCAGCTCTCATATTT-3
TIMP-2(sense) 5-GTCAGTGAGAAGGAAGTGGACTCT-3
TIMP-2(antisense) 5-ATGTTCTCTGTGACCCAGTC-3
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Abste] Bu]3h=A] Golr 7] $13ke] HT1080 M X &
Y270 2 AHE3Le] gelatin zymography S A|3) 3}
ojt}, MMPsi= zymogene| FHi2 HE jro 2 &

=), A=A o HT1080 Al ¥+ proMMP-29}
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Figure 1, MMPs expressed from human gingival fibroblast (HGF) and reference cell line,
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Figure 2, The effect of ROS on MMPs expression by HT1080 cells,
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Figure 3, The effect of ROS on MMPs expression by human gingival fibroblasts,
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Figure 4, The effect of NO on apoptosis of human gingival fibroblasts,

281



Tha: Z7HA] Z{TKFigure 3), Peroxynitrite’= 50 #M ¥
the] FEoA MMP-29] L3 o] FEE u|X)A] Yk
o} 38 NO 24 FAQ) SNPE A B¢
MMP-2¢] ¥3o] Z7}31e] 53] 300 ~ 500 #M SNP
FEAA dA3 F7MEE & 5 IS 39,
superoxide aniong WA A]7]= PMSS] 734, HT1080
AT A= B2 AR 22 FroE o)A MMP-2
o] @43} 9 e IS v XA E3}%ich
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1, 2IA| A2 MROMIE 2] 0| OAl= SR

NO7} QA A2 frotEe] A3 vlA= F¥
£ H7] 9131 SNPE A 2] @ 24213t F tryphan blue
dye exclusion assay @ thymidine incorporation assay
& T3 100 M SNPE M E A& oF 20068
S7HAAT 2 o] T AX g3l & 4
WL v]X)R] £33 (Figure 4), £ A3l AME3HF
EF=(600 av) oA A =A3L B ) gl
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Ao] RT-PCRE 33} th. Figure SBOA R& u}
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mRNAS] 3717} Qi) o]8j@ 352 MMP-29])
g NO2| 283 FE-H ke, NO7F HE W) MMP-
29] WS F7HAA i 4& F7HIIYRE A
< ou|ghc}. 3 MMP-29] 4E FFFoE o
A 3= TIMP-2 (tissue inhibitor of metalloproteinase-
2)¢] Z4-9l= NOdj 23 ¥izhE B3 + Ak
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Figure 5, The effect of NO on expression of MMPs and TIMP-2 by human gingival fibroblasts: A, NO (using
300 «M SNP) on MMP production; B, RT-PCR for MMP-2 and TIMP-2 mRNA
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Figure 6, The effects of various kinase inhibitors on MMPs expressions by HT1080 cells,
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Figure 7, The effects of various kinase inhibitors
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oA ok HE-& P} MAP kinases 5 JNK
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on MMP-2 expression by human gingival fibroblasts,

z} oA 8h= PD98059¢} SB2035802] 7-¢-%= MMP-2
o} MMP-92] 3o ol ¥ odgFo] gldtt PKC
inhibitor¢] Go69762] 7Z¢-1= =40] gl= ¥4 el
2] MMP-2¢} MMP-9¢] @8l o] QJ3FS u] X)A] £519)
t}. kA9 Ras inhibitor$] FPTI 1] 7% 10 uM9]|



A MMP-29] WE-& AAAZ LR, 15 uMoM =
MMP-2 $F MMP-9 & The] 2 oA Aot 3
PI3-kinase QA A<l LY2940028 =23+ 7% 20 M
2 30 pMolA MMP-29F MMP-92] & oA A7)
t}, o] A= HT1080 cellolA] MMP-2 28 249
Z83% S v x)& AL Ras/Pl3-kinase pathway
A& omjgict

N A2 HROMIZOA MMP-22] 10 ajA|
]

=1 ro

1| )& FrolAE oA NOo 2] 3k MMP-29]
9y Z7171 ofwdt 4AlE HE AAE 53t o] F
AR EA] golr 7] fJste] Z+g Al AAAE
223+ & gelatin zymographyE 53313t} JNK
inhibitor [[+= SNP 2}=o] ¢1-& w] MMP-2¢9] Wd-&
TL oEH o g AN FH oY SNP Rb=e] Q& A
9, dA aFE JERHA] B ATE SB203580,
PD98059 B! LY2940022] 7-9-&, SNPRFSS] f-F-of]
Aol MMP-29] H¥ o] Fg v XA 3Tk
(Figure 7A). whebr] Q1A 2|24 ol Lol A= 2
& MAP Kinases % PI3-kinaset= NO®)| ¢]3F MMP-2
o] W ol FjelA) g & 5

3HH, PKCE] inhibitor¢] Go69763% tyrosine kinase
inhibitor] genistein®] H-$-%= NO2| 3ol AR
o] MMP-2 8ol Q& v AR E3FATh PKA,
PKC @ PKGE] As)A¢l H7¢] -9 NO7} 18 7
$-, MMP-2E AISFAA| T, NO7F & A5, 23]
& MMP-2¢] ¥4 712 719t} Ras processing
inhibitor®] FPTI 118} NF-kB inhibitor¢] PDTCE
SNPQ] f-Fof THAglo] MMP-29] WS F7) A
A ZItKFigure 7B). o] A= QA A4l oA E
oA MMP-2¢] &8 Ras and/or NF-kB7} Q.8+
pathway©] A2k NO7} &2 8h= 29 MMmp-2¢] w3
& PKA, PKC @ PKGE £3}F pathway7} Beldt &
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Akt frobel 24 BE A Alzbo] AT G |t
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g E U T EE el G #oEE B
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AEY7IAECT), 29, 2Rz} e} 954
Z2)N £2-G Koy, AL F27 37} of7] ¥
o}, 3 Fulg A4 BE gl B EE A B
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JHE ok SRS, FrieaAd B GAAM =
pro-inflammatory cytokines (IL-18, IFN- 7, TNF- @)
o &J&f AF=HEL synovial cell®] INOSH]| ]3] NO2)
Fol S7FRe A& B 4 YL, o] 5] FAEER
Zpg-ste] MMPO] 4 S7HA7IE Ao WA
9. AFFo] Sle 2T FRHRAR
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Aatsh TIMP2 el HOE S FA) R
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3} 5-& X33t o] dAMA o] FoFItt RT-
PCRF} zymography ¥4 ¢JH X F&3 NO7}
MMP-2 mRNA 48 S7H171& 2& BAFAL, o
718l Ras and/or NF-kB Pathway$} PKA, PKC &
PKG pathway7} #oi@ = glgo] = o},

AGANE 2 HH NO7F 2|FAE oA 2|2
AFoEERE MMP-244R] F7HE f ke
proinflammatory mediator2 Z-83H= A& Hof
FHoh NOw= B2 AlFEolr] Yibsa, B A2
g3k A SAEE)L, A5 A
HA gk 93t 2F g}k of Zghr} NO level ]
FAL WA Frrsh, o) Aol T
TFE NO A2t dvt, v AFA oM e A




3} k9] superoxide anion, hydrogen peroxide, NO
¢} 2o FgAALFo] EA3lE AHAE AN ol
by gt gk A AFLS AIDS, ¢, T}
Z, TGS iy, =3 =3tE ke o
A 2A G gl e EFuhe-o] A4 53]
NO7} theumatoid joint, demyelinating nerves, A%
Adgge B, SR G 22 G50 e 79l
A 1 E g EA%H e ole F2 iINOSe| 2
& Z7} wj&o]t} NO= superoxide anion} ¥H-8-3}
o] peroxynitriteZ A A8, HOCK nitrite9} ¥h&-
3} nitryl chloride & A g A1 71tk webA] o] 2§k &
AN A2E2E AAAY, R3S A
B4& gro g o] go] XY=L glt 1,
MMPs¥ ECME A% 84ES #3lsk= &
Aot} wehr MMP 8438 2Hsh= Aol 23
A A} A2 A BARE frASR=t )
< Za%he & 5 Aok MMPE T8 FRE, A
o(metastasis), 5 AAB AN FeddtaL ole}. A
FAe B ET MMPsY] 71 Holve 9%
Aglo)3, Wukg-of &g 23| upHE BTHs0),
AFAge) NF2AGAE Fedhe A8 V1A F
o= Al 2, oldl tlgshe &5 HARIA
o8 Frd BNLTY GFo] TFEH A5
kel A9 ARl v aE of, 8T T
7b & wb AA ghatel 4L 1S AHET v
=AY, T o e FEolth WEkA toco-
pherol#} selenium¥ 22 3Rk3lA|e] Foi= &4
AbaZo| 93} collagen degradationg A} g+l
HEJop?, T3 25 Ao A| Fo3h= tetra-
cycline, chlorhexidine®} -2 | & BAE At
o] A oz Wl ohe, IAISHAI R 4483t &
A A2Z2E glole 98-S 3t 23T E FaA
Aok BaEehs. s @4k aFe] HEe)
o g x)FHdl| Fsh=Ao gt B wn)st
th @A ¥ d7E T2 MR
o] AFAYHRAT 2& A2 29| T2 #o3}
= ofe] el o) Jekio] Ao ofF 2HE-
S 3t 23& wpy) A7 Ertel] B8 A0 210, x|
7149 F8 FAEE e ket #ojs)
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£ A& Fol oMY EaAFe it f
3 2uE AY gk E3) 44401 7188 o)
Fi= FAAES 22 Ed #ohs F9 gl i)
F 29 MMPe] &7} 439l LA BE=A] )
3k At A fick

B Apdas oy 94485 F NOZE A4
ol E oA Ras and/or NF-kB pathway& &3
MMP-2¢] H8-& Z7HA 719, 1 GAA| <] TIMP-29]
W o= ol R g AR GUThe A& B
F9tk NOg] 7 Gt tishA ¥ AT AES
NO7} 774 HellA Alite] #3A S48k 2 o
T H|5 oA Ashiol7| A #editta F731A
U 38 Hu HEo 3 R AE HE Tag
AES givfr FAF, T g d7AES
28] Aa A A 25 F NO7F F718H
o) NO7F A5 ZAele s Frial FZTP.
2FokA T3¢ Staphylococcus spp. 9 183
7HFQ) Escherichia coli& NOE A& AAksHA &
th 1Eg Xe) FA4LS A AEA INOSS
S up-regulation§ o 24 NO2J A& F7HA17)
o & 4= Qo ol AlF 4 ¥ ot Al
2| efel] &3] AFEE cytokined] WS FHAM =
A2 fEEY AFE Ha 23 1AE
ZZ B riNOSe] el o ¥t SHAIRh AF 4 &
o] W) AZu, hAHE, 22 o E 2R
WA Bl NOY 3|2 HEd) tiejre= g2 vt
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-Abstract-

Nitric Oxide on the MMP-2 expression
by human gingival fibroblasts

In-Sik Shin!, Sang-Oh Yoon?, Hyun-Ju Chung!, jung-Tae Koh?

'Department of Periodontology and ?Department of Dental Pharmacology, College of Dentistry & Dental
Science Research Institute, Chonnam National University, Kwangju,

Department of Biological Sciences, Korea Advance Institute of Science and Technology, Daejeon

It has been suggested that increased number and activity of phagocytes in periodontitis lesion results in a
high degree of reactive oxygen species (ROS) such as superoxide anion, hydrogen peroxide, nitric oxide and
peroxynitrite. There are few reports on the relationship between ROS and MMPs expressions in gingival fibrob-
last. We studied to elucidate whether and how ROS, especially nitric oxide affects the MMP expression,

Human gingival fibroblasts and HT1080 cells (human fibrosarcoma sell line as reference) were grown in
DMEM supplemented with 10 mM HEPES, 50 mg/L gentamicin, and 10% heat inactivated fetal bovine serum
with addition of various reactive oxygen species (ROS). Culture media conditioned by cells were examined by
gelatin zymography. HT1080 cells expressed proMMP-2 and proMMP-9, but human gingival fibroblasts (HGF)
produced only proMMP-2, Hydrogen peroxide upregulated MMP-9 expression in HT1080 cells, whereas in
human gingival fibroblast SNP treatment showed marked increase in MMP-2 level compared to other ROS,
These results suggest that the effects of ROS on MMPs expressions are cell-type specific. RT-PCR for MMP-2
and TIMP-2 m-RNA were performed using total RNA from cultured cells under the influence various kinase
inhibitors, In HT1080 cells, treatment with FPTI III (Ras processing inhibitor) and LY294002 (PI3-kinase
inhibitor) resulted in inhibition of MMP-2 and MMP-9 expressions, suggesting that Ras/PI3-kinase pathway is
important for MMPs expression in HT1080 cells, In gingival fibroblasts, treatment with FPTI 11T and PDTC (NE-
kB inhibitor) showed marked decrease in MMP-2 regardless of the of SNP, suggesting that Ras/NF-kB could be
the key pathway for NO-induced MMP-2 expression in gingival fibroblasts,

This study showed that ROS, especially nitric oxide, could be the critical mediator of periodontal disease pro-
gression through control of MMP-2 expression in gingival fibroblasts possibly via Ras/NF-kB pathway.

Key words : NO, MMP-2, gingival fibroblast, Ras/NF-kB
oF o & & : MMP : matrix metalloproteinase, ECM : extracellular matrix, NF-kB : nuclear factor kB, JNK : ¢-Jun
NHa-terminal kinase, ERK : extracellular signal-regulated kinase, MT1-MMP : membrane type 1-

matrix metalloproteinase, TIMP : tissue inhibitor of metalloproteinase
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