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ABSTRACT

Effects of HsOs and ascorbic acid on TIMP-2, Type 1 collagen, and PDLs22

levels in human periodontal ligament fibroblasts

Yong—-Sun Choi, D.D.S., M.S.D.
Advisor: Prof. Hyun—-Sun Jang, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Reactive oxygen species (ROS) have been implicated in the pathogenesis of
various diseases. And vitamin C has shown a protective effect for the tissues.
The aim of this study was to evaluate the effects of H20O2 and ascorbic acid
on matrix metalloproteinase-1 (MMP-1), tissue inhibitor of metalloproteinase
(TIMP: TIMP-1, TIMP-2), Type 1 collagen, fibronectin, and PDLs22 level in
human periodontal ligament fibroblasts (hPDLF) via reverse transcription—
polymerase chain reaction (RT-PCR).

hPDLF was obtained from a healthy periodontium and cultured in Dulbecco's
modified Eagles's medium plus 10% fetal bone serum.

The concentration of ascorbic acid in hPDLF was 50 xg/ml, and that of H2O2 in
hPDLF was 0.03% and 0.00003%. Ascorbic acid only, H2O2 only and mixture of
ascorbic acid and H20z were applied with hPDLF for 1-, 3-, and 30-min.,
respectively. The gene expression of MMP-1-, TIMP-1-, TIMP-2-, Type 1
collagen—, fibronectin-, and PDLs22-mRNA in hPDLF was analysed via
RT-PCR.

The results were as follows;

1. hPDLF in response to 30-min. incubation with 0.03% H2O, did not
show any gene expression.

2. In all the experimental groups, the gene expression of fibronectin
mRNA showed the decreased tendency compared to control.

3. In all the experimental groups, the gene expression of TIMP-1

mRNA showed the tendency similar to control.
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4. hPDLF in response to 30-min. incubation with 0.03% H20: and
ascorbic acid increased mRNA induction for MMP-1.

5. In all the experimental groups, hPDLF increased mRNA induction
for PDLs22, collagen type I, and TIMP-2 compared to control.

Within the limited experiments, HzOs and ascorbic acid increased mRNA
induction for PDLs22, collagen type I, and TIMP-2 in hPDLF. More research
will be needed in order to confirm the relative importance of the different roles
of ROS and antioxidants in hPDLF from a periodontal regeneration or repair

standpoint.
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2F2a% (reactive oxygen species, ROS)E #odd Aolztn HuEI Jui!. & 4=
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6)

ROSel| 9]3F ZA&A2 (1) DNA €4 (2) lipid peroxidation (3) hyaluronic acid<}
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lacatoferrin, Caeruoplasmin, haptoglobin, ascorbic acid (vitamin C) 5©] Qtp26®,
, ascorbic acide &Y AT, 28l synovial fluid Tl A st=H,
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gt XFx2e] ol7| e EEHo=z O I9gS I35t s ¢ 7 AUth

H,0.9} ascorbic acid?] ATE AW EW¥, van der Pols’’$} Shang 5% & 437
= 24)

ol A HyOz0l 23 Ak3}a ~E g 2o thdh ascorbic acid®] BRI &3E, Pedeira &

< A EAE248E I HoOs/ascorbic acid Bl& Afolo] Folgh JoaAA} &8 B

EdA E Tt ROSE AAHET F & pro-oxidative effect® H1*V= gt e
AbF A F o ) A E (human  periodontal ligament fibroblasts, hPDLF)o|A] ascorbic

acid®t Hp029] A& vH|& AAolrt

PDLst X0k AA el werdn =g F4o) wolsta tidd HEZ 23
Qi S¥e AL Qo AFEAY AYAR] Fad 4% FYHL A, ¥
% ROSS #HAsAd] tig ATE 8] ROSel ol@ 2AWHE PFaAL & o
4% 4ANE FHAND F AL Aoz 474

=i = periodontal ligament specific 22 (PDLs22 -+ UNCL),
collagen type 1, fibronectin, matrix metalloproteinase (MMP), tissue inhibitor of
matrix metalloproteinase (TIMP)¢] 3%} &dof| 71x= 3kl s vl A5+t
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1. Abe] 390 Aol (hWPDLF)9] uj <

ddigta ool Wdd AFx2o] AAs dA2 uFANEE st 27 A
1270 A2 T 1/3404 @2 2AES 77 A9doA Z8A7F g8 Hank's
balanced salt solution (HBSS, Gibco BRL, Grand Island, NY)2.2 3] AHg &,
% @AnlgstlA 1-2 m’e] A7]12 Adsgith dddE 2AGUES 60 mAE v
G710l AAA F 2H0] olea WA o] &fol= IS YA &7
=31 10% DMEM (Gibco BRL, Grand Island, NY)& ©]&3}e] 5% CO,, 37T, 100%
T oA wigatclth A s 29 AR wAstal A2 SAgk whet Al
wjFstod At AEE 77t Al o] &3k3ith.

2. 9AA FFaLdAHv-E (Reverse transcriptase polymerase chain reaction,

RT-PCR)

60 mn HIFHAIGA SATH AEE 2x10Y/dishe] =2 EFF F 807 90%2 LA
= EEH 7HA] B FSFA T Ascorbic acid 3 E=+% hPDLFoA ZZ244S s}

= &% (50 pug/mOE AEste] 18, 38, 3084 77 H&313t. H02 &
*ﬁ%} AAFE Aol ALY APEE HolR] o AT S EE A
EEZA 0.03%9 0.00003%5 AE3toH 1%, 3%, 3084 77 A&t ¥
T3 Lot vjUAI TS E Ho029F ascorbic acid (Sigma, USA)E sA|9 A&38
AJov (Table 1), &3 Fo] PBSZ A3t 10% FBS7F ¢-#¥ DMEME 4o
HoFatola 24417 THA 02 597 vk AJdskic)

64 wlgE AEXZHEH Trizol Reagent (Invitrogen, USA)E o] &3}

total RNAZ =38}t Z47+2] RNAES total RNA 1 4g% 0.5 g9
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oligo=dT18 primer, 200 units®] reverse transcriptase polymerase, 20 units®]
RNase inhibitorg Z%3le] 65TCo|A 10E7F WHg-AlA first-strand cDNAE /33
% PDLs22, Type 1 collagen, fibronectin TIMP-19} -2, MMP-1, % GAPDH®] ++
Az g @157 st 2479 oligo-nucleotide primerE A 235k RT-PCRo
AHESE T RTHA S Sotd &4d% 1 189 cDNAE template® Z42+e] primer, 1
unit®] Tag DNA polymerase, 250 uM® dNTPs, 10 mMe] Tris-HCl (pH 9.0), 40
mMe] KCI, 1.5 mM®] MgCli £%3ste] PCRE Ald&tqitt.



PCRS PTC-200 (MJ Research Inc., USA)E A}&3}9 predenaturation,
Bl d2

=

denaturation, annealing, extension =9 AL 333 WHH239lxm o=
PCR productE 1.5% agarose geldl A7] AE3dte] FAxe waS &oldtoloH,
ImageGauge 3.125 &3t Z4zto] H7jdside] S3=E ALbsto

9% e 2% 3w Alasch

)

WA=, o

Table 1. Application method of H2O2 and ascorbic acid used in this study

Concentration Application time (minutes)

ascorbic acid 50 pg/ml 1
ascorbic acid 50 ug/ml 3
ascorbic acid 50 ug/ml 30
0.03% H209 1
0.03% H209 3
0.03% H209 30
0.00003% H20 1
0.00003% H:0

0.00003% H:0- 30
0.03% Ho0, + ascorbic acid 50 pg/md 1
0.03% Ho0, + ascorbic acid 50 pg/md 3
0.03% Ho05 + ascorbic acid 50 pg/ml 30

0.00003% H:02 + ascorbic acid 50 ug/ml 1
0.00003% Hz02 + ascorbic acid 50 pg/ml
0.00003% H0, + ascorbic acid 50 pg/ml 30




Table 2. Primers for RT-PCR

predicted size

Primers Sequences 5'—3' .
(base pairs)
GAPDH-S 5'-CTCTGACTTCAACAGCGACA-3’ 330
GAPDH-AS 5 -TCTCTCTCTTCCTCTTGTGC-3’
MMP-1-S 5'-GGTGATGAAGCAGCCCAG -3' 510
MMP-1-AS 5'-CAGTAGAATGGGAGAGTC -3
PDLs22-S 5'-CGGAATTCATGTTACCGAGTACTT-3’ 500
PDLs22-AS 5'-CACTTTTTATTTCACTCTGAC-3’
COLI-S 5 -TTGCTACTGGTGAGACTT-3’ 470
COLI-AS 5'-CGCCACCAATGTCCAAAG-3’
TIMP-1-1-S 5-ACCCCCGCCATGGAGAGTGT-3’ 551
TIMP-1-1-AS 5'-GAGGCAGGCAGGCAAGGTGA-3’
TIMP-2-1-S 5'-GATCAGGGCCAAAGCGGTCAG-3’ 590
TIMP-2-1-AS 5'-GGTGCCCGTTGATGTTCTTCTCTG-3’
FN-S 5'-ACCACGTAGGAGAACAGT-3' 665
FN-AS 5'-ACAGTATTGCGGGCCAG-3'
Table 3. Conditions for RT-PCR
Temperature (C)
MMP-1, Time
CACE TIMp-1, UNCL COLT (min.)
TIMP-2

Predenaturation 94 94 94 94 5
denaturation 94 94 94 94
Annealing 55 58 45 55 1
Polymerization 72 72 72 72 ok

#x Polymerization time : MMP-1(1.5 min), TIMP-1,2 (1.5 min), UNCL, COL I (1.5 min),
GAPDH, FN (2 min), COLT : Type I Collagen, FN : Fibronectin, min.: minute.



: control

: ascorbic acid 50ug/ml 1min

: ascorbic acid 50ug/ml 3min

: ascorbic acid 50ug/ml 30min
: 0.03% H202 1min

: 0.03% H202 3min

: 0.03% H202 30min

O M moO ® >

Fig. 1. Cultured human periodontal ligament fibroblast. The hPDLF was
differently observed according to the application concentration and time of

H202 and ascorbic acid.



2. 9HA FFEA AL o]&3 hPDLFe PDLs22-, Type 1 collagen-,
Fibronectin—, TIMP-1-, TIMP-2-, 18]3 MMP-1-mRNAS] ¥& &EA]

hPDLF¢] RT-PCR& ©]&3F PDLs22-, Type 1 collagen—, Fibronetin-, TIMP-1-,
TIMP-2-, 18]35 MMP-1-mRNAE 0.03% Hz0:01 30% %<t widst ddwg A9
g BE Aol dAaHAT (Figs. 2-7).

3 4 5 6 7 8 9

con. 1 2 10 11 12

13 14 15

GAPDH
MMP-1

TIMP-1
TIMP-2

PDLs22

typelCOL

Fig. 2. RT-PCR result according to the application concentration and time of

H2Os and ascorbic acid.

Time course of ascorbic acid 50ug/ml-1min

ascorbic acid effects
on MRNA levels

ascorbic acid 50ug/ml-3min

ascorbic acid 50ug/ml-30min
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Fig. 3. Time course of ascorbic acid effects on mRNA levels.




Time course of H,0, 0.03% H202 1min
effects on mRNA 0.03% H,0, 3min

levels 0.03% H»0, 30min
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Fig. 4. Time course of 0.03% H20. effects on mRNA levels.

effects on mRNA 0.00003% H202 3min

levels 0.00003% H202 30min
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Fig. 5. Time course of 0.00003% H:0, effects on mRNA levels.



Time course of aa+0.03% H202 1min

ascorbic acid & H,0, .
+0.03% H202 3
effects on mRNA levels | ° min

2a+0.03% H202 30min
112 7
2.5 a oy T 6
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= 5 o 3
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Fig. 6. Time course of 0.03%H:0» and ascorbic acid effects on

mRNA levels.
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Fig. 7. Time course of 0.00003%H:0s and ascorbic acid effects on
mRNA levels.



Figs. 8-9°|4 mRNA FFEZ Hy0,, ascorbic acid, Hz029} ascorbic acidE %Al
AL Ao A s mE Ud JEE BTt
PDLs22 mRNA9] 4%, &4 tzFolA Ht} ascorbic acidE 3%, 30% #2lgk A
ol FHd o] F7EEala 0.00003% H.0.5 18, 38 AHEst 2dTy
0.00003% H2029F 50 pg/ml ascorbic acid® 7 A& 3k AgToNA ¢ w4 &4d
At (Fig. 8). MMP-1 mRNAS A%, 0.03% Hz0.9F 50 pg/ml ascorbic acidE 3t
Al 30% FoF Aed Aol FUkste e Bl 1 9 AdTdAM = 5
7}’6‘}% 73??}& el (Fig. 8). Fibronectin mRNA«] 4%, AUz Td v BE
T S Helor 0.03% He0:9F 50 pg/ml ascorbic acidE €7
A g ATl o] @At (Fig. 8).

Imin 3min 30min

25 | A F K ascorbic acid 50ug/mi
z Ll B G L 0.03% H,0,
o
§ 15 C H M 0.00003% H,0,
4 D I N aa+0.03% H,0,
1
= E ] 0 aa+0.00003% H,0
§ | il
0
Z < MO O W uw - 2 ¥ 4 s Z 0O ; f:‘l:n
EE 3min
mm 30min
127 9
s b
|
-
- 08 L6t
o a
o a5
§ 06 H § .
z o
04 % 3
2
02
AUNANUNNNNNN HHN I !
o P A A A L P R L B R R 0
Zz < 0 O 0O w uw - 2 X 4 s Z o z' ) O Wwuw g T - 2 X 4 s Z QO
Q Q
O o

Fig. 8. Expression of UNCL-, MMP-1, and Fibronectin—-mRNA in
hPDLEF.
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A AdTolA A3 A BAFHI L o]E ALF EE AP sAHETEY
=A ZasAT Fig. 9).
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el 0.00003% Ho022F 50 ug/ml ascorbic acidE &7 30 &<t
o2 Ao A Bod 9A 2d =AY (Fig. 9).
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1min 3min 30min
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(o]

1 A F K ascorbic acid 50ug/ml
§ 08 B G L 0.03% HzOz
8 o6 c H M 0.00003% H,0,
g, D I N aa+0.03% H,0,
Z o
02 E ] o 2a+0.00003% H,0,
g<moowu-cifj¥4220 = 1min
o mm 3min
mm 30min
7 5.
45 r
6
t
53
< 4 %
g S 25t
4 3 S oot
> Sist | |
1
1 05 I
Al 4
é(cﬂ(}ﬂmuo:\:——ﬁx—l§zo %<m0f3‘-““-<517_‘¥4520
o

Fig. 9. Expression of TIMP-1, TIMP-2, and Type 1 collagen mRNA

in hPDLF.
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acidell ]3] PDLs22 mRNAS] @o] F7hd o] yetwed &5 = A4
T PDLs22¢t gtshAlo] st ZH& A7t Fadwojol & Zoz AYzZtec)

Hz0292} hPDLEF2] vl YA 7H] w2 mRNA 2GS AHEH, 0.03% H020014 3
2 Fol v w thERTo HlE PDLs229] A% ¢F 98, collagen type [3}
TIMP-29] A-%-ol= ¢ 5uf A= wdo] S7te o] YeEstth 22iyt 0.03% H0200 A
308 Foh vSIS u E AdFY mRNA 2do] YehbA] gkol ROSe ol& #I

H AE F2S BT S ATk ¥vhE) 0.00003% HeOz01 A4 38 FoF vjdgs u
= tjFEo] Hlal PDLs229] AL < 7Hl, collagen type & ¢F 5, 81
TIMP-29] 7%o= ¢F 3u] Ax w3o] =75 o] YElske™, MMP-13 fibronectin,
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