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ABSTRACT

Effects of H-0: and chlrohexidine on MMP-1, TIMP-1,2,
Type 1 collagen, fibronectin and UNCL expressions in

human periodontal ligament fibroblasts

Seong-Mi Choi
Advisor: Prof. Byung-Ock Kim, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Inflammatory periodontal diseases are often related to activated phagocytosing
leukocytes and free radical oxygen production. Chlorhexidine (CHX) is effective
in inhibiting dental plaque accumulation and inflammation. Whether the host
antioxidant defenses could benefit from chlorhexidine was not clearly revealed
vet. The purpose of this study was to evaluate the effects of chlorhexidine and
H>O» on  matrix  metalloproteinase—1 (MMP-1), tissue  inhibitor  of
metalloproteinase (TIMP-1, TIMP-2), Type 1 collagen, fibronectin and UNCL
expressions in human periodontal ligament fibroblasts (hPDLF).

0.12%, 0.012% and 0.0012% CHX and 0.003%, 0.0003% and 0.00003% H202 and
mixture of CHX and H20: were applied to hPDLF for 1 min and 30 min. The
mRNA expressions of MMP-1, TIMP-1 and 2, Type 1 collagen, fibronectin and
UNCL in hPDLF were analysed by RT-PCR.

The result were as follows:

1. The expression of UNCL mRNA was higher than that of other mRNAs.



2. 0.0012% CHX increased mRNA expressions of hPDLF as application time
increased.

3. H202 lower than 0.003% increased expression of UNCL mRNA, and did not
decrease mRNA expression of hPDLF.

4. hPDLF treatment with 0.12% CHX (with or without H202) resulted in no
gene expression.

5. hPDLF treatment with 0.012% CHX (with or without H202) for 30 minutes

resulted in no gene expression

In conclusion, because low concentration of CHX and H02 increased UNCL

mRNA expression of hPDLF, low concentraction of CHX and H:0O2 may have an

antioxidative effect.

_10_



~
X
rf

| A& A 59 1A AA Aol Fxzge Ay s A54

Ago R, AT HANES FYRD &7 WAAAZ BYRAA AFxH 3

&
]
(o]
2
N
_o‘LA
X
(it
s
=
o,
ol
i,
g
2
2
N

| = polymorphonuclear leukocytes
(PMNs)7} Z7F=at, o] PMNse &gz wWk$A ALAF  (reactive oxygen
species, ROS)o] #A A ROS9 ZEFH o= hydrogen peroxide (H>0»), hydroxyl
radical (-OH)3¥} superoxide radical (+O2—) Fo°] Qo™ o5& DNA £, Lipid
peroxidation, @& &4 4 4Fs ¥ pro-inflammatory cytokine -2

sto] zAEAS otz dEA drt’. ol @ ROSE AFET 9dx
rheumatoid arthritis, acute respiratoty dis-stress syndrome, AIDSE ¥33F 1009
7HA ool A& gEEel v RuHAY’. EF ROSE wshel wofdhi
Aow deAd low” weq ROSE oAFozMA FAFe] A AFxZ
o =35 AAT F Udv e E dST 5 U

Chlorhexidine (CHX)> 7+ W X & #&H AT & T2 A7IAY GAA 7] 7] 950

de 2ola g 7 AA Aot CHXS AF23 sdaoA AT w e
Z, 9T, AFE Aot FaRgs dxEc] Buwo 4’ gy od &y
9] o] 2220 B4e notE Rus% v Giannelli 5% ZRAE, A

FEAE Wi AMEe Wi CHX® SA&dE dsto] CHXel o3 Al AL
mitochondria 71% %3 % oxidative stress & H i3ttt 12y Goultschin
Ve AFzA4 9% A F7hEE ROSE CHXol oA@vn mmstgon,
Battino %' Firatli %'"% CHX® #23t 7]%5& mustadrt olefd Axse
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oAt aE Ag AFAAFRAZAN 657 AL AT
matrix metalloproteinase—1 (MMP-1), tissue inhibitor of matrix
metalloproteinase-1,2 (TIMP-1,2), Type 1 collagen, fibronectin, UNCL)E ¢
mRNA Zd o] WA= H0:9 CHX® &35 wuste], CHXO F4tst 933 A

FzA Al mAE e PrsnA @k
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WA A AT AFEA0] AW B4 WAARE 93] WA
A A 1aTAY A2 9 1304 4 245 FE 4G FAAL @

_I(_DI_
¥ Hank’s balanced salt solution (HBSS, Gibco BRL, Grand Island, NY)&o 2 <
3 A=A & T R dAuAselA 1~2 mm’Y A7E Auseth. dvud 22

)

5% 60 mm AlE W FHA o HAAN F A4 o]FS WA Hto St
ol FgxaEs ZFY ¥ ¥, 10% Fetal bovine serum (FBS)E &3
DMEM #j #] (Gibco BRL, Grand Island, NY)& o]&3d}lo] 5% CO., 37T, 100% <=
T zAoA et Wi E 29 AR wAs P o, Axe FANHE @

Fake} Al gstel SAY AEE 2t7 AP ol §313
2. MTT assay

Ao AT H0:9F CHX® w58 AAs7] fstd Az @455 SA AT
CHX (224% t$AF)L 012%2 AL-§3t%9 1, listerine (FEA, & A4 )2
CHX¥ Hluet7] st Aol F7ietidvt. Al dd A2 E 24-well plate°l
2x10Y/well2 2333 CHX 012%, 0.012%, 0.0012%, H:0s 0.003%, 0.0003%,
0.00003% 9} listerine 100%, 50%, 1% 1% % 3024 7} welld] ©% Z& 43
of AEAIHY. 24X F AAE A F

100%, 50%7F $H8 A oko] Ag4® APTLL NETETY $e AXTBHES B

Aol = wjAlsk AT (Table 1).

3. 9HAA FHE LAY (Reverse transcription—polymerase chain reaction,

60 mm BjFHA o 54 AEE 2x10%/dishe 5= B33 T 80~90%= I
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Al 712 v gst gt MTT assay 23 (Table 1)& HIEH o2 CHX TE&
0.12%, 0.012%, 0.0012% &, H20, &%+ 0.003%, 0.0003%<} 0.00003% <, listerine<
1%5 Adstd o 1%, 3084 247 A Esdrt. sd3d s wAtoR
CHX ¥} H20:%, listerine®} H:0:5 W §3to] 4§t} (Table 2), 48 & PBS=Z
Al ekl 10% FBS7F ¢hr¥ DMEM=2S %ol wi&fstl o, 24413k b4 o =2 53k
WEE A g8} v

F 6Y9%¢t vigdA MEEXE Trizol Reagent (Invitrogen, USA)E o] &3} o]
total RNAE FZ31%ch. 2 RNA 1 g9 05 pge oligo-dT, 200 unit®] reverse
transcriptase, 20 unit®] RNase inhibitorS Z§3to] 65Co A 60%F7F WAl A
first strand ¢cDNAES & A 354 th. UNCL, Type 1 collagen, fibronectin, TIMP-13}
-2, MMP-1, ¥ GAPDH® mRAN @& st7] 9ste] 229 primers °]4
gted RT-PCRE Al @3t thH(Tabel 3). RT #A& Tt T4 1 pgel cDNAE
template® Z}7+2] primer, 1 unit® Taq DNA polymerase, 250 uM<] dNPTs, 10
mM9] Tris-HCl (PH 9.0), 40 mM<¢] KCIl, 1.5 mM9 MgCLE &3%3ste] PCRE A
g5t on, PCR 232 Tabel 40 e LT},

PCR2 PTC-200 (MJ Research Inc., USA)S A}£3}9] predenaturation 3,
denaturaion, annealing % extension® A S 333 WE3H 2, PCR producte=
15% agarose gelol A 7]d53te] 32 s St ImageGauge 3.125 %319 7z #7]

dFatel FHEE Aselo] vlae o
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Tabel 1. Result of MTT assay

application time

1 min 30min
control 1 1
Lis 100% 0.015 0.012
Lis 100% + H202 0.003% 0.098 0.008
Lis 100% + Hz02 0.0003% 0.041 0.016
Lis 100% + H202 0.00003% 0.080 0.014
Lis 50% 0.017 0.012
Lis 50% + H02 0.003% 0.024 0.010
Lis 50% + H202 0.0003% 0.041 0.006
Lis 50% + H»0, 0.00003% 0.007 0.006
Lis 1% 1.146 1.089
Lis 1% + H202 0.003% 0.448 0.388
Lis 1% + Hz02 0.0003% 1.006 0.853
Lis 1% + Hz02 0.00003% 1.010 0.867
CHX 0.12% 0.890 0.873
CHX 0.012% 0.905 0.882
CHX 0.0012% 0.978 0.953
H>02 0.003% 0.673 0.660
H>0Oy 0.0003% 0.796 0.772
H>02 0.00003% 0.993 0.973
CHX 0.12% + H202 0.003% 1.341 1.073
CHX 0.12% + H»02 0.0003% 1.339 1.164
CHX 0.12% + H202 0.00003% 1.448 1.221
CHX 0.012% + H202 0.003% 1.374 1.123
CHX 0.012% + Hz02 0.0003% 1.433 1.241
CHX 0.012% + H202 0.00003% 0.818 0.721
CHX 0.0012% + H202 0.003% 1.321 1.162
CHX 0.0012% + Hz02 0.0003% 1.339 1.195
CHX 0.0012% + Hz02 0.00003% 1.470 1.282

CHX: Chlorhexidine, Lis: Listerine, H2O2: hydrogen peroxide
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Table 2. Twenty groups with different application conditions of H20», CHX and

listerine.

Groups Concentration Application time (min)
1 Control 1, 30
2 CHX 0.12% + H»02 0.003% 1, 30
3 CHX 0.12% + H20, 0.0003% 1, 30
4 CHX 0.12% + H302 0.00003% 1, 30
5 CHX 0.012% + H202 0.003% 1, 30
6 CHX 0.012% + H02 0.0003% 1, 30
7 CHX 0.012% + H02 0.00003% 1, 30
8 CHX 0.0012% + H202 0.003% 1, 30
9 CHX 0.0012% + H202 0.0003% 1, 30
10 CHX 0.0012% + H202 0.00003% 1, 30
11 Lis 1% + H202 0.003% 1, 30
12 Lis 1% + Hz02 0.0003% 1, 30
13 Lis 1% + H02 0.00003% 1, 30
14 CHX 0.12% 1, 30
15 CHX 0.012% 1, 30
16 CHX 0.0012% 1, 30
17 H>02 0.003% 1, 30
18 H202 0.0003% 1, 30
19 H>02 0.00003% 1, 30
20 Lis 1% 1, 30

CHX: Chlorhexidine, Lis: Listerine, H2O2: hydrogen peroxide
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Table 3. Primers for RT-PCR

) predicted size
Primers Sequences (5'—3") .
(base pairs)

GAPDH-Sense 5'-CTCTGACTTCAACAGCGACA-3' 330
GAPDH-Antisense 5'-TCTCTCTCTTCCTCTTGTGC-3'

MMP-1-Sense 5'-GGTGATGAAGCAGCCCAG-3' 510
MMP-1-Antisense 5'-CAGTAGAATGGGAGAGTC-3'

UNCL-Sense 5'-GTGCTGGACATGGGATTCTT-3' 141
UNCL-Antisense 5'-GTCTCTGCTCTGTCGTTTCA-3'

COLI-Sense 5'-CTTCCTGCGCCTGATGTCCA-3' 192
COLI-Antisense 5'-CTCGTGCAGCCATCGCAGT-3'
TIMP-1-Sense 5'-ACCCCCGCCATGGAGAGTGT-3' 501

TIMP-1-Antisense  5'-GAGGCAGGCAGGCAAGGTGA-3'

TIMP-2-Sense 5'-GATCAGGGCCAAAGCGGTCAG-3' 590
TIMP-2-Antisense  5'-GGTGCCCGTTGATGTTCTTCTCTG-3'

FN-Sense 5'-ACCACGTAGGAGAACAGTT-3' 665
FN-Antisense 5'-ACACTATTGCGGGCCAG-3'

COLI Type 1 collagen, FN: fibronectin

Table 4. Conditions for RT-PCR

Temperature (C)
GAPDH MMP-1

FN TIMP-1 UNCL COL I Time (min.)
TIMP-2
Predenaturation 94 94 94 94 5
Denaturation 94 94 94 94 1
Annealing 55 58 65 65 1
Extension 72 72 72 72 1

_17_



IIr 4+23%

L AP A F AN FEAE

CHX 0.12%7} *x3%
CHX 0.012%7F} 23%% 4

a8 Ageel AFQ

in cultured human periodontal

Fig. 1. Effect of CHX on cell proliferation
ligament fibroblasts (hPDLF). They were differently observed according to the

application concentration and time of CHX.
A: control, B: CHX 0.12% 1 min application, C: CHX 0.12% 30 min application,

D: CHX 0.012% 30 minute application
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2. UNCL, Type 1 collagen, fibronectin, TIMP-1, TIMP-2 % MMP-1 mRNA 4

A A FA A FEAZAA UNCL mRNATE 1% A48 Ao A gizat i
o] Fegxlom HyO: 0.00003%EF 307 A& AdaolAs Edo] HAHU
. MMP-1 mRNA+= H:0: 0.00003% % 30& #83% @A dxadrmng 2d

o] 7+43stdtt (Fig 2).

CHX 0.12% + H202 0.003%, CHX 0.12% + H20- 0.0003%, CHX 0.12% + H20-
0.00003% ¢ CHX 0.12%%& 1% 30+ A& dd+3 CHX 0.012% + H0:
0.003%, CHX 0.012% + H20, 0.0003%, CHX 0.012% + H20: 0.00003%<} CHX
0.012% %5 30% A&7 AdPLolMs AT = mRNAY 2dS & F it

(Fig. 2).
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Fig. 2. RT-PCR results according to the application concentration and time of

H->O» CHX and listerine. A: 1 min application, B: 30 min application

A. mRNA 23
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25 1. Control 11. Listerine 1% + H202 0.003%
2. CHX 0.12% + H202 0.003% 12. Listerine 1% + H202 0.0003%
2 3. CHX 0.12% + H202 0.0003%  13. Listerine 1% + H202 0.00003%
=) 4. CHX 0.12% + H202 0.00003%  14. CHX 0.12%
=15
g BN i 1| B CHXx 0.012% + H202 0.003% 15. CHX 0.012%
3 BUNG 30min || 6 CHX 0.012% + H202 0.0003%  16. CHX 0.0012%
Z 1 1 7. CHX 0.012% + H202 0.00003%  17. H202 0.003%
05 8. CHX 0.0012% + H202 0.003%  18. H202 0.0003%
’ 9. CHX 0.0012% + H202 0.0003%  19. H202 0.00003%
0 10. CHX 0.0012% + H202 0.00003% 20. Listerine 1%
1234567 891011121314151617181920
Fig. 3. UNCL mRNA expression.
2) MMP-1
= 5 = =] =] © o
H202 0.00003% 30+ A g3 Ago] tgxarw ) AAs v HdAS Yed AL
A, 183 308 ¢ A4 AdT 2Tl gEEH FAS mRNA 4E
o .
< HAY (Fig. 4).
MVP1
1. Control 11. Ligterine 1% + H202 0.003%
12 _ 2. CHX 0.12% + H202 0.003% 12. Listerine 1% + H202 0.0003%
1 L1 3. CHX 0.12% + H202 0.0003%  13. Listerine 1% + H202 0.00003%
T 4. CHX 0.12% + H202 0.00003%  14. CHX 0.12%
%0-8 [ ORI i 5. CHX 0.012% + H202 0.003% 15. CHX 0.012%
Soe ! L L BMWP1 Imin ] 6. CHX 0.012% + H202 0.0003%  16. CHX 0.0012%
o BMVP1 30nn)|| 7. cHx 0.012% + H202 0.00003%  17. H202 0.003%
204 miln il 8. CHX 0.0012% + H202 0003%  18. H202 0.0003%
oz | H ANl I | 9. CHX 0.0012% + H202 0.0003%  19. H202 0.00003%
0 10. CHX 0.0012% + H202 0.00003% 20. Listerine 1%
1234567 891011121314151617181920
Fig. 4. MMP-1 mRNAe expression.
3) TIMP-1,2
=] ©
TIMP-1,2 mRNA+ CHX 0.0012% 13 A&aolA 714 v 2d S wmelon,
CHX 0.012%9% H.0» 0.003%Z 1% F<¢+ W&ato] Hgd Afdolr 714 =
=] © 5 o = =] o
ddE B 19 EE Adael dExad A BdS B (Fig. 5)
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Fig. 5. TIMP-1,2 mRNA expression. A. TIMP-1, B. TIMP-2.

4) Type 1 collagen

e n o S [e] o =] O
Type 1 collagen mRNA+ 1&S A8 Ao A It =2 FHA S HA
\=] & o =] o .
o, CHX 0.0012% 1% A48 A7 714 +2 FdS 290 (Fig. 6).
Type 1 collagen
14 1. Control 11. Ligterine 1% + H202 0.003%
' 2. CHX 0.12% + H202 0.003% 12. Listerine 1% + H202 0.0003%
a— 1.2 _ 3. CHX 0.12% + H202 0.0003% 13. Listerine 1% + H202 0.00003%
% 1 1 1 4, CHX 0.12% + H202 0.00003% 14. CHX 0.12%
Q 0, 0, 0,
60'8 | | | DOOL i 5. CHX 0.0120A7 + H202 0.003/2 15. CHX 0.012AD7
Oos | | | BOOL 30 6. CHX 0.012% + H202 0.0003% 16. CHX 0.0012%
; 7. CHX 0.012% + H202 0.00003% 17. H202 0.003%
20'4 I I I 8. CHX 0.0012% + H202 0.003% 18. H202 0.0003%
02 B B B 9. CHX 0.0012% + H202 0.0003% 19. H202 0.00003%
0 10. CHX 0.0012% + H202 0.00003% 20. Listerine 1%
1234567 8 91011121314151617181920
Fig. 6. Type 1 Collagen mRNA expression.
5) Fibronectin
: : - i=] =] = = [e) 5
Fibronectin mRNAE 1% 30% A E$dH RE Ao ey de 2y
o o :
= H /j\ E]‘ (Flg 7).
Rlronectin
12 1. Control 11. Listerine 1% + H202 0.003%
2. CHX 0.12% + H202 0.003% 12. Listerine 1% + H202 0.0003%
1 3. CHX 0.12% + H202 0.0003% 13. Listerine 1% + H202 0.00003%
108 4. CHX 0.12% + H202 0.00003% 14. CHX 0.12%
50,
% oM 1 5. CHX 0.012% + H202 0.003% 15. CHX 0.012%
©06 B AN 30nin||| 6 CHX 0.012% + H202 0.0003% 16, CHX 0.0012%
E 04 7. CHX 0.012% + H202 0.00003% 17. H202 0.003%
8. CHX 0.0012% + H202 0.003% 18. H202 0.0003%
02 9. CHX 0.0012% + H202 0.0003% 19. H202 0.00003%
0 10. CHX 0.0012% + H202 0.00003% 20. Listerine 1%
12345678 91011121314151617181920
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Fig. 7. Fibronectin mRNA expression.
6) MMP-1/TIMP-2
MMP-1/TIMP-2 H &2 E& AgToA dxad FAEA oY

p—t
M
o
X
oo
rot

ARG 307 A8 APl ot HAasAH (Fig. 8).

MMP-1/TIMP-2 1. Control 11. Listerine 1% + H202 0.003%

12 2. CHX 0.12% + H202 0.003% 12, Listerine 1% + H202 0.0003%

1 _ 3. CHX 0.12% + H202 0.0003%  13. Listerine 1% + H202 0.00003%
o 4. CHX 0.12% + H202 0.00003%  14. CHX 0.12%
S os i i 5. CHX 0.012% + H202 0.003% 15. CHX 0.012%
S o i i 6. CHX 0.012% + H202 00008% 16, CHX 0.0012%
d,, | | SR 70 CHX 0.012% + H202 0.00008% 17, H202 0.003%
2 8. CHX 0.0012% + H202 0.003% 18, H202 0.0003%

02 9. CHX 00012% + H202 0.0003%  19. H202 0.00003%

0 10. CHX 0.0012% + H202 0.00003% 20. Listerine 1%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Group

Fig. 8 MMP-1/TIMP-2 mRNA expression.

B. CHX #& A mRNA Zd ¢4

1) CHX 0.012%0°] g% 1% 29+
CHX @5 & AdFo| = UNCL mRNATo] tiza#Hth =2 23dS 19

o, Hy0.9 WEste] A& AProdrs &

= CHX 0.012%9 H20, 0.003%2 Aol 283 23]~

]
Fom o= CHX 0012%E wxoz A8 Ao ret =9t (Fig. 9).

CHX 0.012%1min
25
2
% 15 0 CHX0012
o B CHX0012++2020003
5 00 CHX0012+20200008
~ 1 0 CHX0012+#£02000003
05 —
0 n
coL FN MVP1 UL TIMPT TIMP2

Fig. 9. Effect of CHX 0.0129% with or without H202> on mRNA expressions.

A

2) CHX 0.0012%°] =&

i
o
4

CHX 0.0012%5 wxoz 243 APl i mRNA 2o 30& 4
&+

4 Al =2 2dS HYow, H0.5 WE3sho] A
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Fig. 10. Effect of CHX 0.0012% with or without H2O2 on mRNA expressions.
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