GSH

(chemoprevention)

cellular
stress c-fos  pathway early
gene
(p<0.05)
50mM 200 mv 8% 86%

10 mM
44 % (p<0.05)

2-oxothiazolidine-4-carboxylic acid (OTZ)



50 mM BSO (buthionine sulfoximine)

superoxide dismutase  catalase

5 mM
glutathione (GSH) (p 0.05) glutathione disulfide
(thiol)
c-fos
c-fos BSO
c-fos
c-fos
c-fos

c-fos

OoTZ



The use of tobacco products significantly contributes to the
progresson of periodonta disease and poor response to hedling
following periodontal therapy. The purpose of this study was to
determine the pathobiological effects of nicotine, a magjor component of
cigarette smoking, on human periodontal ligament fibroblasts (PDLFs)
to eucidate its role in periodontal destruction associated with its use.
Human PDLFs were derived from healthy individuals undergoing
extraction for orthodontic reasons. At a concentration higher than
2.5mM, nicotine was found to exhibit cytotoxic to human PDLFs
(p<0.05). Nicotine also significantly inhibited cell proliferation and
decreased protein synthesis in a dose-dependent manner. At
concentrations of 50 and 200 mM, nicotine suppressed the growth of
PDLFs with 48% and 86% (p<0.05), respectivdy. A 10 mM
concentration level of nicotine significantly inhibited the protein
synthesis to only 44 % of these in the untreated control (p<0.05).
Furthermore, the effects of anti-oxidants were added to search for the

possible mechanism of action, as well as a method for the prevention, of



cigarette smoking-associated periodontal diseases. The addition of OTZ,
a precursor of cysteine that metabolically promotes GSH synthes's,
acted as a protective effect on the nicotine-induced cytotoxicity.
However, superoxide dismutase and catadlase did not decrease the
nicotine-induced cytotoxicity. In contrast, the addition of BSO, a
celluar GSH synthesis inhibitor, enhanced the nicotine-induced
cytotoxicity. In addition, nicotine significantly depleted intracellular
GSH in a dose-dependent manner (p<0.05). At a concentration of 5 mM
and 20 mM, nicotine depleted about 22.2 % and 56 % of GSH,
respectively. The exposure of quiescent human PDLFs to nicotine
resulted in the induction of ¢-fos MRNA expression. The peak of c-fos
MRNA levels induced by nicotine was 5 mM at 2 h incubation period.
Kinetic investigations of c-fos mMRNA expression in nicotine-treated
cells revedled a rapid accumulation of the transcript, asignificant signal
first detectable after 30 min of exposure. This increase was transient and
the level of c-fos MRNAS returned rapidly to that of control cells by 8 h.
OTZ pretreatment drcreased in c-fos MRNA level and BSO pretreatment
enhanced in c-fos MRNA level after exposure to nicotine. The levels of

nicotine tested inhibited cell growth, proliferation, and protein synthesis



on human PDLFs. This suggests that nicotine itself might augment the
destruction of periodontium associated with cigarette smoking. In
addition, these inhibitory effects were associated with intracellular thiol
levels. Factors that induce glutathione synthesis of human PDLFs may
be used for further chemoprevention of cigarette smoking-related
periodontal diseases. In addition, cfos gene expression might be one
signa transduction pathway linked to the induction of early response
genes by cigarette smoking. These results suggest that the
ni cotine-dependent stress-specific expression of the c-fos gene correlates

with cdlular thiol levelsin human PDLFs.

Keywords. periodontal disease; nicotine; human periodontal ligament

fibroblasts; inhibitory mechanisms; thiols; c-fos gene



(Bergstrom 1989; Ismail et al. 1990; Haber et al. 1993; Genco 1996)

(Preber & Bergstrom 1990; Ah MKB et al. 1994)

(Jones & Triplett 1992)

(AAP 1996)

(AAP 1996)

1.56

mg/ml 100,000 (Hoffmann & Adams 1981)

(Cuff et al. 1989)
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(Chang et al. 1999a; Chang et al.
2001d) 15
10% (fetal bovinesarum) 1%

PSN  Dulbecco’ s modified Eagle’ s medium (DMEM)

37 7-10
( monolayer ) PBS () ( phosphate buffer saline
ca® Mg™) 0.25 % trypsin

( single cell suspension )

trypsin

37 3



0-2 mM

MTT (Mosmann 1983)

MTT DMSO
%
2x 10° 24
2 %
2 6 24 MTT
DMSO ELISA reader
()
[methyl-*H]thymidine DNA

(Chang et al. 1999a; Chang et al.
1999b) 6 2x 10"

24 2%



0.5nCi/ml/well  [methyl-*H]thymidine DNA 4
4 5% trichloroacetic acid (TCA)
30
1 ml 0.IN NaOH 15 3ml
(aqueous scintillation counting fluid)

(liquid scintillation counter)

()
(Chang et al. 2001c; Chang et al. 2001d)
24 5x 10" 24
2%
18 *H-leucine
0.5 nCi/ml/well 4
4 5% TCA 30
05 ml 2 M NH,OH
3mi
()

MTT (Mosmann 1983) SOD catadlase BSO

10



OoTZ

() GSH/GSSG
Reed (1980) 5 %
perchloric acid (PCA)
GSH PCA PCA
GSH PCA PCA
PCA phenanthroline
GSH GSSG

lodoacetic acid (IAA) [AA
GSH GSH
GSH(GSSG) HPLC
KHCO;
2,2-dinitonuoro benzene (FDNB)
uv (A =365nm)
6 cm 1x 10°

24 2%

1



PBS(4 ) | ml 5 % PCA 30
400 pl 40 pl iodoacetic acid (IAA) (120 mg/ml)
potassium bicarbonate (KHCO5)
15 440 ul 3 %
2,4-dinitrofluro benzene FDNB) ( ethanol ) :
6,000 xg 5 0.45 mm
(HPLC) GSH
oxidized glutathione (GSSG) nmol/mg protein

Total GSH= GSH + 2x GSSG

HPLC
365 nm
1.2 ml/min
Solvent A - 80% Methanol
Solvent B-
80% Solvent A + 20% Stock solution B
(272g CHsCOONa + 621ml CHaCOOH
+189mIH20)
Stop time 30 min
Gradient time (min) Solvent A (%) Solvent B (%)
0 80 20

12



3 80
12 5
20 5
22 80
30 80

Bradford protein assay

Coomeassie hilliant blue G-250

Bradford protein dye 595nm
oD
() RNA
6cm 1x 10°
05 %
2
PBS(4 ) TRIzol

ml

13

20
95
95
20
20

BSA

RNA

24

15



5 (12,000xg 2 )

(RNA )
chloroform-phenol (12,000 xg 2 )
chloroform-phenol
Isopropanol -20
(12,000xg 4 30 )
RNA isopropanol 75 %
7S % DEPC-H,O
RNA 260 nm RNA
()
2mg  RNA DEPC-H,0 33l 70
5 RNase inhibitor (40U/m) 0.25m 5 RT

buffer 100 M dNTP (25 mM) 4 m Oligo dT 1Iml (50 pmole/ml)
RTase 1 (200U/rr) 42 1 99 5
4  PCR (polymerase chan reaction) 5m cDNA
DEPC-H,O  26m primer-5  primer-3° 5mi 3.2m

dNTP (25mM) 5m 10X PCR buffer DNA polymerase

14



Im (2U/m) 9 1 annedling 1
72 2 30 72 20 4

Glycera dehyde-3-phosphate dehydrogenase (GAPDH)

housekeeping gene internal control PCR
primers (Chatzistamou et al. 2000):

Gene Sequence PCR product (bp)
GAPDH 5 -TCCTCTGACTTCAACAGCGACACC-3 207

S -TCTCTCTTCCTCTTGTGCTCTTGG-3

c-fos 5’ -AAGGAGAATCCGAAGGGAAAGGAATAAGATGGCT -3 612

5’ -AGACGAAGGAAGACGTGTAAGCAGTGCAGCT-3

( ) DNA

DNA gel 10m PCR 2m 6 loading
dye DNA gd 100V 45 Inmg/mil
Ethidium bromide ddH,O uv

Alphalmager 2000

15



one way anaysis of
variance (ANOVA) Duncan' s test

(p 0.05)
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1 5 mM (dehydrogenase
activity) (Mosmann 1983)

(p 0.05)

2 [*H]-thymidine
25 uM
DNA
(p 0.05) 50 uM DNA

52 % 400 pM DNA

3 3H-leucine 5 mM
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(o 0.05 15 mM

23 %

SOD (10-100 pg/ml)  catdlase (5-50 pg/ml)

OTZ (0.5-10 mM)

(p>0.05) 1-3 oTZ
4 oTZ
oTZ 5 mM
(p 0.05 BSO (5-50 uM)
(p>0.05)
1 50 uM BSO 2.5mM
15 % 50 M BSO
35 % 5 SOD catal ase
1, 2
GSH/GSSG

4 HPLC
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GSH(p 005 5mM 20mM GSH

22% 56%

GSH oxidative stress GSH
GSH GSSG
GSH GSSG
c-fos
c-fos RT-PCR mM-RNA
25mM 20 mM 2
RT-PCR c-fos m-RNA 6
Alphalmager 2000 7 25mM 10
mM 2 c-fos m-RNA 25 48
20 mM c-fos
M-RNA 2 c-fosm-RNA
5mM 5 mM
c-fos mRNA
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c-fos mRNA 8
MRNA 1
c-fosm-RNA 6.9
GSH
OoTZ

c-fos BSO

10 OoTZ

c-fos MRNA
c-fos mMRNA

c-fos mMRNA

c-fos 11

c-fos

BSO

BSO

Alphalmager 2000

OoTZ

GSH

c-fos

GSH



(Boyko et a. 1981 ;

Egelberg 1987)

(Peacock et al. 1993; Hanes et al. 1991,
Tipton & Dabbous 1995; Alpar et al. 1998; James et al. 1999,

Giannopoulou et al. 1999; Checchi et al. 1999; Chang et al. 2001)

(connective tissue
attachment) (Boyko et al. 1981; MacNell & Somerman

1993)
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BSO
BSO

GSH

5SmM GSH
Keen (1991)
Swiss 3T3
(Muller 1995)
GSH
GSH

GSH

GSH GSSG

GSH

Duthie  (1989)

GSH
ozZT

(thiols)

Dubick
GSH
GSH
peroxynitrite

(Chang et al. 2000)

GSSG

SOD catdase



(Leonard et al. 1995)

GSH
(Kosower &
Kosower 1978) GSH
(celular stress) heat shock

stress-related

(quiescent) c-fos mRNA

10 %

c-fos mMRNA c-fos

c-fos c-fos mRNA

Swiss 3T3
(cigarette smoke trapped in phosphate-buffered saline)

c-fos (Muller 1995)
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peroxynitrite Swiss 3T3 RF-L6
c-fos (Muller 1995; Muller et al. 1997)
c-fos
c-fos GSH
GSH / GSH
(reactive oxygen species) (Deneken & Fanburg 1989)
GSH
(reactive foreign compounds) (Meister &

Anderson 1983)

c-fos GSH
c-fos OTz BSO
OTZ BSO c-fos MRNA OoTz
c-fos Janssen
(1995) BSO c-fos
BSO c-fos
N-acetyl-L-cysteine c-fos Muller (1995)
cysteine  N-acetyl-L-cysteine smoke-bubbled PBS

c-fos stress gene
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(early response gene)

(buffer)
metallothionein (Katsuragi et al.
1997)
c-fos oTZ
c-fos BSO c-fos MRNA
c-fos
c-fos

(IARC 1986)
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