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# 1 The expression of NOS1 in healthy and inflammed gingiva

Epithellum Endothelium  Mononuclear
BA SuU SP SF cell
Healthy gingiva - + - - + +
Inflammed gingiva + + - - + +
BA : basal layer, SU : suprabasal layer, SP : spinous layer, SF : superficial layer
- negative, £ [ rare, + : mild, ++ @ modemrate, ++ + ! intense
H 2 The expression of of NOS2 in healthy and inflammed gingiva
Epithelium Endothelium  Mononuclear
BA SU SpP SF cell
Healthy gingiva - - - - + +
Inflammed gingiva ~ - - - +++ +
BA : basal layer, SU : suprabasal layer, SP : spinous layer, SF : superficial layer
- negative, * : rare, + ! mid, ++ . modemrate, + + + : intense
I 3 The expression of immunostaining of NOS3 in healthy and inflammed gingiva
Epithelium Endothehum  Mononuclear
BA SU SP SF cell
Healthy gingiva + * - - * +
Inflammed gingiva ++ + + - ++ ++
A : basal layer, SU : suprabasal layer, SP : spinous layer, SF : superficial layer
- I negative, + @ rare, + @ mid, ++ : moderrate, + ++ : intense
E NOS: & AZA&3 A9 Aol7F ge ¥9 g3 oA E NOSs7F NOS;, NOS:
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3% 1 Comparision of NOS1(A, B, C), NOS2(D, E, F), NOS3(G, H, 1) protein expression by immunchistochemistry in heathy
gingiva(A X100, D X100, G X100) and adult periodontitis(B X200, C X200, E X200, F X400, H X200, | X400)
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A FA NN E HOSHM EE TNF-«
(1ng/ml), IFN-7(200U/ml), LPS(100ugg/ml),
cytokine 37FA19] combinationg E§ ¥ 1
dF dAS Rgd & Western blot
analysisoll & NOS: @& 2. x| 3l A
¥ 2 HOS osteoblast-like cell linedl] A
cytokines AjstA| & YxFS EF 170
kDa ¢ ©9Y bandZ #FAHJAI(ZY 2)
cytokineS A2t ¥ 24A7b2olA 2 Z
of wa] & Afolzb i, PDL} HOSH ¥
ol & fFAMG BES BRATHZY 2).

NOS29] 79 cytokineAb=-& 3A] @& Al
FoME 117 kDa®] 7An 3 band7} TEHHY
o1 TNF-e(lng/ml), IFN-7(200U/ml),
LPS(100ug/ml) 2] 37}A cytokined] 7%=
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3 2 NOS: protein expression by Westem blot analysis in PDL and HOS osteobiast-like cells by cytokine treatment. Cells
are treated with TNF-a{ing/ml ), IFN-r(200U/mi), LPS(10ng/mi), combination of TNF-a + IFN-r + LPS
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12| 4 NCSa protein expression by Westem blot analysis in PDL and HOS osteoblast-like cells by cytokine treatment

890



NOS1
17Ok Da —~

OS2
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33 5 Time course study on the effect of cytokine(combination of TNF-a + IEN— + LPS) on NOS:, NOSz, NOS: protein
expression in PDL and HOS osteoblast-like cells by Westem biot analysis

combination 9| A} & synergistic effect& R
7H Be 2de B9 HOS ¢ PDL A X
25X el 2 osteoblast-like cell?)
HOS M XA ©f A3 vebytch

NOSs protein®] L& e 29 4 Xd fzaz
I AEFoA 140 kDa®) P bandE B Y
oy AFANAEYG HOSHE 2% A3
cytokineFo Wy ol] wmel Z wd zjolg W
o|X = Attt

A A £ 9} HOSH 22 TNF-q, [FN-7,
LPS, cytokine 37}2]9] combinationg %<5}
30,6 12, 4N E Wi gs F oA
#2 3 F Western blot analysisol] w&
NOS;, NOSz, NOSs protein®) @&de 18 5
A AF NOSi# NOSs+= bzt 170 kDasb
140 kDa®] @Y band& B ot xFAhA)
¥9 HOSHIX BF B Azigdyz & =z
ol& HolX& @it

NOS:9] 739 cytokinezl=+2 1A @& A
¥AMET 7n & band7} FAHYOon A7
9] & (time-dependant) 2718 X 244) 7ol A]
7t Be HdS HMIT HOS ¥ PDL M X
BT A YeEGA T osteoblast-like cellQ)
HOS M EoA o #A3] vetytot
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3. NMA 9! Amginine Fo{o| W& M1y
WHAZE YU osteonectinThuf Bt H(12 6,
7, 8)

A=A A 2o NOSS] prototypic inhibitor
activity® Mol NMAE 5, 50, 500 #M/ml
S T ¥ 39 uid gt gulm 2z
% Al1¥ 93 (monoclonal, Monosan Co) 7
osteonectin(polyclonal, Biodesign Co)el o) %t
Western blottingS 8+ A3 Fig. 6olAH &
HxEe] A9 95 kDa, 47 kDa®l ¥zjeke
Bo]= band7b #aE T

AY ndddo] A9 NMA 5 50, 500u
M/mlg FA gt 7ol o]z glo] $A}3H
e HEH S HYov} ostonectin® o)
A NMA 5eM/mite 223 bol7h QY
o1 NMA 50, 500eM/mi#9] 2% &4 3
BAGAZE B H Y 6).

A=A A Eoll NOSe) 2+392] IFN-7 10,
100, 1000UE Fo%- 3U7F wjgale] dhunz
F2& s Al ¥ wYA, osteonectin THA
o thd Western blot analysisZdst 28 79)
A ¥ 95kDa, 47kDa®l °k% band 7} 23

7%1

HYoy 7 @27 mE 2 Aol Holx]



4 A Type |
collagen

12| 6 Dose dependant study of type | collagen and osteonectin protein expression of PDL celis after the addition of 10-
1000U of IFN-r for 72 hours by Westem biot analysis
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collagen

13 7 Dose dependant study of type | collagen and osteonectin protein expression of PDL cells after the addition of
inhibitor of NOS, NMA for 72 hours by Westem biot analysis

orol wla 2 v YW tranlation level
e & 4T FA Atk

AFA i ] NOS9 <A 2 z3d&
FolA B3age Foprs] s IFN-y

200U/ml, 2} A 212l NMAE 100 pM/mi, NOS
ZF 218l L-arginines 0, 1, 3mM<g 23 %
o3t AL Fig 8ol HE Algzd o

L
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Woll = AFFHY A7t ANy
osteonectin tranlation levelol| 4] & L-arginine 0
2 ImM/ml& ZA ZFAHU v L-arginine
SmM/mlZdX e Bdo] fzFrtt fAMe
Axg ZF7t5 o] NMASQ| osteonectin && 9}
A &3}7} L-arginined] 2¢J3] L o&FHo=
AXEE g AN



IFN+NMA
+ArG 0

IF RIS
#Arg TmM

| FRe+ HMA 300uM
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1% 8 Dose dependant study of type | collagen and osteonectin protein expression of PDL cells after the addition of
arginine, NMA, and IFN- for 72hours by Westem blot analysis

3. NOS 2{H|IX} NMA 3 Z0{X} Armginine
Fojoff wE NitrateMAM 9 M EZFAM
M1 9, 10, 11, 12)

NMAE AFAA ZolA NMAE o
2 713 A%, Ad 34 NORA&
29 A$ 1415+29nMol| vl 01nM x|
ME 1205+1732 eSO 05nMoAE
113.75+4.85nM, 10nM SEAE 109.75+
170nM=Z B X o|&2 0 2 nitrated] AL %
sfstR o iz v&] =F fod 7h
Z 54

L-Arginine 05nM# NMA ¥ xwslo) ot
2 EFFAA nitrate FAPHs= 2 9oA

L)
=Oo
12 P

9} 7+o] NMA 0.1nM % L-Arginine 05nM 3
ETRFAAIE 14225+713nM 2 2 2
Aol 7 eyt NMA 05nM3 EFAE
120+533, NMA InME&F A &= 11825nM
2 Jeht} Arginine§do 341¢ 0] NMA ©
5ot FARHA T2l nitrate YA
S HYsHA AAHeM NMA 05nMF
InM3 Arginine&¥ FoA] djzgol w3
frestA Zasel NMA ¥%7F R¥E4E
Arginine?} EFA] nitrate A & F7He
Ach(2d 9).

NMA 05nM3} NO Fojz}el SNPE ¥ &
Hg E3EoA nitrated AW ZIE SNPE E
oA ¥ NMA 9EF ZA$ 11375+

# 4 Effect of L-arginine{0.5nM/mi) and Dose-dependant NOS inhibitor NMA on Nitrate production in PDL celis{nM/mi)

control 14154129
Arginine 0.5nM only 142.25+3.05*
NMA 0.5nM only 11.375+4.85*
NMA 0.InM+Arginine 05nM 142254713
NMA 05nM+Arginine 0.5nM 120.00+5.33
NMA 10nM+Arginine 05nM 11825+9.81*

* Significantly differently from control{P<0.05)
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% 9 Effect of L-arginine(0.5nM/ml) and Dose-dependant NOS inhibitor NMA on Nitrate production in PDL celis

¥ 5 Effect of L-arginine(0.5nM/mi) and Dose-dependant NOS inhibitor NMA on Cell Proliferation in PDL cells

control 100+751(%)
Arginine 0.5nM only 10561+9.30
NMA 05nM+Arginine 0.5nM 73741680
NMA 05nM+Arginine 0.5nM 1093541025
NMA 0.5nM+Arginine 0.5nM 10126 +1.66
NMA 0.5nM+Arginine 0.5nM 87.60+490*

* Significantly differently from control(P<0.05)
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B 6 Effect of NMA(0.5nM) and Dose-dependant NO donor SNP on Nifrate production in PDL cells

control 141541.29(nM)
SNP+NMA 0.5nM 113754485
SNP 001nM+NMA 05nM 15525+4.34
SNP 01lnM+NMA 05nM 168.25+6.84*
SNP 02nM+NMA 05nM 1917542 62*
*Significantly differently from control(P<0.05)
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3% 11 _Effect of NMA(0.5nM) & Dose-dependant NO donor SNP on Nitrate production in PDL cells

¥ 7 Effect of NMA{0.5nM) & Dose-dependant NO donor SNP on Cell Proliferation in PDL cells

control

100£2.96(%)

SNP 0+NMA 0.5nM

SNP 0.0InM+NMA 05nM
SNP 0.1nM+NMA 05nM
SNP 02nM+NMA 05nM

7374+ 454*
7054+ 4.50*
7699+5.02*
964318386

* Significantly differently from control(P¢0.05)
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% 12 Effect of NMA{0.5nM) & Dose-dependant NO donor SNP on Cell Proliferation in PDL cells
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-Abstract-

An Experimental Study on the Biological Specificity of Nitric Oxide and
Nitric Oxide Synthetase in Periodontium-Related Cells

Hyung-Jin Yoon, Dong-Whan Yoon, Hyung-Keun You, Hyung-Shik Shin
Dept. of Pernodontology, College of Dentistry, Wonkwang University

Bone remodeling is characterized by the coupling of osteoclast-mediated bone resorption and
osteoblast-mediated bone formation. The process is tightly regualted at the local level by an
incompletely known netwotk of peptide and non-peptide fators, Nitric oxide(NO), synthesized by
nitric oxide synthetase(NOS) from L-arginine, is becoming recognized as an Important bio~
regualtory molecule in a variety of tissue, but little 1s known about its possible role in periodontal
tissue.

The purpose of this study is to Investigate the expression of nitric oxide synthetase(NOS) in
inflamed gingiva and the effects of cytokine on the expression of NOS protein, The expression of
NOS in gingival tissue was evaluated by immunohistochemical staining for NOS:, NOSz NOSs.
The effect of cytokine on the expression of NOS in human penodontal ligament cells and
osteoblast-like HOS cells by western blot analysis. Further, we studied that NO functions in
periodontal ligment cells as a regulatory molecule. PDL cells incubated with NOS inhibitor and
donor. The protein expression, type [ collagen & non-collagenous protein, nitrate production and
cell proliferation were evaluated

The results were as follows.

1. NOS1;, NOSz, NOS3 was rarely distributed in healthy gingiva, but stronger stained in gingival
epithelium, endothelial cells, and mononuclear cells of inflammed gingiva. .

2. The cytokine stimulated NOS), and NOS3 protein were not inducing or inhibitory effect to
compared with control in PDL and HOS cells,

3Incubation of cells with combination of TNF-a, IFN-y, LPS result in a time dependant
increase in NOS:z expression, reaching a maximal level after 24 hours of stimulation,

4. The osteonectin protein inhibitory effect of NMA, inhibitor of NOS, was reversed by L-
arginine in dose dependant manner.

5. NMA decreased cell p »liferation and nitrate production, but the inhibitory efffect of NMA
was also prevented by the NO donor, sodium nitropruiside.

These results suggest that exogenously synthesized NO was playing a stimulating effect on cell
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proliferation or on non-collagenous protein expression. Therefore NO have an important role in
mediation of localized bone destruction associated inflammatory bone disease such as periodontitis
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