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Table 1. The composition of 3 metallic materials.

5}3 A /\].tﬂ— Ho 34 ,q] TEA o]] -

Ag v 2 Bely

AZA B¢ §5d0 AZF54d g 2 E44
marker2% DNA 249 #Ao| 9l AEH e 3H-thymi-
dine incorporation'”, Brd-U incorporation & 2| X33}
2 (proliferating cell nuclear antigen, PCNA) ¢ &&@<

ohq.
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=
=

2 A7 oA ASRAEHGE-1)E skl dobxst
QoA 9 AgeE 339 BEA) UE 71 LAY ALS
B ANEA, AESE DR xgz—mga Fahel 483
4 0g e BLT FAO AT ZANAE 1 43 B2
¢ 2oz ARtk 293, o bt Hu«l A4
Ao BRE BAAQ AXA 59 i FHATYFL

(proliferating cell nuclear antigen, PCNA)9| labeling= 4
Abgt = "]33‘_@%‘%% MAP kinase?! ERK1, ERK2, JNK

a2 p38«] H5o) AgkS AP
I. d7AE 2 U4y
1. A7 XE

L
AT

JH ©
i

A Lok oA gl AHg=H 1 e 3% 54
Argde it ol5e] Felet TG ES Table 1¢f Al
stainless steel crown® R, A&

band® B, 2813 73 & wire® W= E7819c}. 2+ 354

HEL AY 7ol 253 AHT o 7IEE7I<A 120,
3087 I 2E8l1 ARl A&kt
2. o171y

1) AIZ a <k

B A ARg3 A AHEAMZE(human gingival fi-
broblast, HGF-1)& u]= ATCCAIA a4t Al vl
okl penicillin-streptomycin (Life Technologies, Inc..
Grand Island, NY, USA)¥ 10% fetal bovine serum (Life
Technologies, Inc., Grand Island, NY, USA)o] #7t¢
Dulbecco s modified Eagle' s medium (Life Technologies,
Inc., Grand Island, NY, USA)< °]&3at o™, 37C, 5%
CO2 Z27& §A89 T HOF-12 Bokbte 3 Adu)ekat 3
Al 6HRE Aol o] &3ttt Ao FeE 71EH e
% screeningdl?] A3t tixw# AT et tissue
chamber slide (Nunc, Naperville, IL, USA)dl| A X& 7}&

Material

Composition

Company

R (Stainless steel Crown) Fe, Cr, Ni, Mn, C, Si, P, S
B (Orthodontic Band) Fe, Cr, Ni, Si, Mn, C, P, S
W (Orthodontic Wire) Fe, Cr, Ni, Mn, Si, C

3M Dental Products (U.S.A)
Tomy Co. (Japan)
Dentaurum (Germany)
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Table 2. Classification of cytotoxicity degrees and scores
according to relative growth rate

Classification Score Relative growth rate* (%)
None 0 > 100
Weak 1 75-99
Moderate 2 50 -74
Marked 3 2549
Strong 4 1-24
Extreme 5 0

* RER = (Mean number of living cell in sample / Mean num-
ber of living cell in control) x 100

% & g ao] 958 Papanicoleaux 942 &1t

2) A|E A 4 trypan blue 234 44

ANZE 7] w2 FEARS] A EFA ) gt JFS dol
B7| fi8te] 74 AEdel dete] A2 +5 AHgsioirt. ¢4

tissue flaskell WiFE AlZol] 0.5% trypsing A glsle] F5
A2 F d4A 3 hemocytometer) & ©]8-310) ml & Al
FE ALksle 37 6 cm) FF tissue flaskel 2x10* 71
AEE B33t 1~29 29g &
49, 79 2815 1148l ZH2 trypsing A2d F AlE
BERAIA Ao A 255 A esint A3e b2
Eg9on, 1 AEEENY BEANS ToT UET
AT 7ke] EATA o4& Student ttestE o] 8311t

BEM L& (cell viability) & Z4817] 98t cell aligout®t
Z29] 0.4% trypan blue dye (Sigma Chemical Co., St.
Louis, MO, USA)E A-&A #Hrlste] BEEAIZ % trypan
bluedl FAEA e HTES rAdTo 2 A
Trypan blue 244 4§ o] 83 AEEA H7he ol
& AT A4S (relative growth rate) = Alxbste]
Nakamura S| AA& x4 (Table 2)°1 TA3] Hrlst
Aot

e

I~ 3 O
& AR P, 1Y,

4.2 o]

3) A EAFN vk 44

Tissue chamber slide®) monolayer® F2=o} Sl tha
T3 Ao A wFN-E AASHL acridine orange (Sigma
Chemical Co., St. Louis, MO, USA) 100¢g/ml # ethidi-
um bromide (Sigma Chemical Co., St. Louis, MO, USA)
100¢g/m] & EFA-E AX3 T FA] B0 sholA] &
3 oH® . Acridine orange™ DNAS} intercalatedte 3
A g HAlS wlA o RNAS ¥H&-2 3l intercalatedt
2] gotd 4L e A "}, Ethidium bromides £
2] nonviable cellltt BHg-& YEPATH & organized struc-
tureZ 714 bright green chromatin®| &2 AEHLE e}
Wi, bright green chromatin®} A% condensed 2 frag-
mented structureE 2°]H early apoptotic nucelei® ek
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Wt} Bright orange chromatin®l®A] condensed &
fragmented structure® 32°19 late apoptotic nuclei®] i,
bright orange chromatin®|®4] organized structure® X.°]
@A necrotic cell nuclei®]th.

4) Z2 A 28 g (PCNA) ol thak HAM Ee}ehd AL
Tissue chamber slided] 1x 10719 AZE A& 14 WA

29 o] B AWML WY F& AW A7+ 19, 49, 7
9 1813 11980 9 43S 8%t Tissue cham-
ber slide We) wiokadS A A2 & phosphate buffered
saline (PBS)& 33] A& 3}aL 70% alcohol £l 3087t 3L
Aatelth PRSE A3 & 3% #AbEl $a5E A4 10%
7F AR & 3 A Ask v PBSE Al A8kt PBSell 1:200
o2 A8 PCNA &4 (NeoMarkers, Fremont, CA,
USA)E A2ox] 243 He]atgith. PBS A& F biotin®]
229 22 g4 (Zymed Laboratories Inco., South SF,
CA, USA)E 1087 Axsta AlH & & strepavidin-per-
oxidase &9 (Zymed Laboratories Inco., South SF. CA,
USA)S AA 81}, PBS A&+ 3-amino-9 ethylcarbazole
(Zymed Laboratories Inco., South SF, CA, USA)S &4
uk-go] Ve w7hx] 5~10%7F A28kl hematoxylin® =
NzPAME g & yniversal mount (Zymed Laboratories
Inco., South SF, CA, USA)Z B8kt

PCNAE oA Gaskgol QA dt 7 tixas) 23T
o tiste] PONAZE FAH o2 Yehde AZE dokeA] PC-
NA labeling index® -39 th.

PCNA labeling index=PCNA(+) HE5/% A Z5 x 100

A8 1,000xgoll A 5
% 2o RIPA &5
(Tris~HCl pH 7.4, NaCl 100mM, NP-40 1%, sodium de-
oxycholate 0.5%, MgClz 5mM, pepstatin 0.1mM, an-
tipain 0.1lmM, chymostatin 0.1 M, leupeptin 0.2mM,
aprotinin 0.1mM, soybean trypsin inhibitor 0.5mg/ml)<
A7letdch 283 40 4cd 15873 FUHE 1ml sy~
ringe® 10~20%] stroked}ith. 4°C, 15,000rpmellA 30%
b AA Relslel a2 g de ¥ o astn g5kl -80

Coll EHst3lTt.

® SDS polyacrylamide gel electrophoresis™

223 U 20pgS SDS-sample buffer (Tris-HC1 0.125
M pH 6.8, SDS 4%, sucrose 10%, 2-mercaptoethanol
5% =olA 107 B¢t 8 $ 12% SDS-polyacrylamide
slab geld AHE3tel B339t} Coomassie blue < st
o ol x| 29 £ loadingS check3tAth.
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(3 Western blot assay

Gel< nitrocellulose membraneel 60VelA 2417t F<F A
714 Holg sttt wlHold nitrocellulose membrane-
Al Ponceau SEMoZ FF Holdg st}
Membranes A4 1A1ZF Bt 10% A £ ¥83}
3 e TBS ¢5dd gtk 2 ¥ A4 44
ERK1, ERK2, p38 (Calbiochemn, San Diego, CA, USA)
2 JNK (Sigma Chemical Co., St. Louis, MO, USA)ell
3 LAFA B 1413 B XA TBS-0.1% Tween 20
29 (Sigma Chemical Co., St. Louis, MO, USA) 2= 33]
A% % alkaline phosphatase7} H249 23t 3Al& 3023
2319t} thAl TBS-0.1% Tween 20 902 33] 423}
% niro-blue tetrazolium/S-bromo-4-chloro-3-indoyl-1-

phosphate (Sigma Chemical Co., St. Louis, MO, USA)Z
w5 AEEtg

@® A xS 2

vzl A HGF-19] AIZE Adel] g AEses &
s, 797 e FEER ST T 1A e g
7tF S BT (Table 3). AT T 22 FAL
X9l F7HE Boy & T Alelol §9F Aole yEh
23kth (p)0.05).
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Table 3. Mean crude cell count® of human HGF-1. cells
according to time sequence

Day
Sampie 1 day 4 day 7 day 11 day
Control  7.4210.61 47181514 12276513 222.66+5.5
R 7542053 49.2016.90 124.86%2.33 223.10+4.74
B 7.04+£1.04 4768+504 12410309 22242+3.73
W 7.36+0.75 47661486 123.88+4.99 223.76+4.42

*x 10" cell/ml

Table 4. Relative growth rate(%) and scores of cytotoxicity®
according to time sequence

Day
Sampld 1 day 4 day T day 11 day
R 2100(0)" 100(0)* »100(0)* 100(0)*
B »100(0)* 100(0)* 98(1)* 100(0)*
W 100(0)* 96(1)* 97(D)* 98(D)*
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2 E7)4 ATAY 29 9 @
(Fig. 1). Trypan blue 84} (Fig. 2)<llA] 3
HE 22 AE (Fig. 2b)olH, A& AEFE ALE
ool g 29 relative growth rate (RER)Q} 10“ &
3= cytotoxicity scored T3 (Table 4). F5A 79
Z59 AzEA Tl e iz wke] vl stamless steel
crown (R)& W28 fAI9 R, 2484 band (B)€ 724
o] RERe] 98%°142m, w84 wire (W)= 4%, 7¢ 22|31
119 RER®] Zt2t 96%, 97% % 98%°|Act. ng &
wired| A thh AEEo] ZHhHE A4S Uehligiey, #<
2 9t} (p)0.05).
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red cytoplasme| YEREen (Fig. 3a, 3b), Alzto] 73 #3 ]
wel B WolA 284 Z7] Al E3AF FelQl organized
structure® 7F red nucleid AEESo] #ZHJTH (Fig.
30).
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(Table 5 % Fig. 4c). W&
o AgS Yehdth, asy o) S7td| EA48}
aiu} (p)0.05). ZE FolA PCNAS] Wdo] 4
g Yehl9m 790 2aEtt 1A & 249
tgo] ofgt dATEE JERAT (Table 5 % Fig. 4
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4) A FAG MAP kinasesd 2¢

@ ERK1 2 ERK2¢] 23

272 A8 7+9] ERK1 % ERK2¢] &&7
Fom, Alzto] Azbglo) wpe} ERK1 ¥ ERK2¢] 230l &
A AaERG (Fig. 5).

® JNKS 28
Wz AP INKY 2dZ3 ¢S FABI o, 49

Table 5. PCNA labeling indexes according to time sequence

Sample?ay 1 day 4 day 7 day 11 day
Control 74 i 66 24
R 74 77 67 25
B 77 78 68 %
W 5 7 65 24




o sttt 74419 1194 Juze) AL JeRA
t} (Fig. 6).
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AFE Aol 3} Aol E3] AHEE = stainless steel
crown, 3% band & wire Al 79 F&A A st Hjek
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. Papanicoleau staining of HGF-1 (a: 1st day after wire treatment, b: 11th day of control, x200). Spindle cells

with central round nuclei are seen.

. Trypan blue staining of HGF-1 (a: 4th day after S.S crown treatment, b; 4th day after wire treatment,

x100). The unstained cells are viable cells (a). HGF-1 show occasionally blue colored dead cells (b), but
mostely untained.

. Acridine orange/ethidium bromide staining (a: 5th day of control, b: 11th day after band treatment, ¢: 4th

day after wire treatment). (a) and (b) show bright green nuclei and orange red cytoplasms, representing vi-
able cells. Bright orange nuclei with organized structure, representing early necrotic cell are occasionally seen

(c).

. PCNA immunocytochemistry (a: 1st day of control, b: 4th day after band tratment, ¢ 7th day after stainless

steel crown treatment, d; 11th day after wire treatment, a: x100, b, ¢, d: x200). The nuclei of HGF-1 show
red colored PONA(+) immunoreaction. Intensity slightly decreases in ¢ and markedly decreases in d.

. Western blot of ERK1 and ERK?2 (C: control, R: stainless steel crown, B: band, W: wire). There are no dif-

ferences between control and experimental groups. The expressions of ERK1 and ERK2 gradually decrease af-
ter 1st day in culture.

. Western blot of JNK. (C: control, R: stainless steel crown, B: band, W: wire) There are no differences be-

tween control & experimental groups. Increased expression decreases on 4th day and remarkably increased
expressions are noted on 7th day and 11th day.

. Western blot of p38 (C: control, R: stainless steel crown. B: band, W: wire). There are no differences be-

tween control and experimental groups. Peaked expression is noted on 1st day, and next decrease, slight re-
increase and decrease are followed.
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Abstract

A MOLECULAR BIOLOGIC STUDY ON BIOCOMPATIBILITY OF
METALLIC DENTAL MATERIALS USED FOR CHILDREN WITH
CULTURED HUMAN GINGIVAL FIBROBLASTS

Ju-Mi Kim, Tae-Sung Jeong, Shin Kim

Department of Pediatric Dentistry, College of Dentistry, Pusan National Untversity

For the purpose of evaluating the biocompatability of 3 kinds of metallic materials frequently used in pediatric
dentistry (stainless steel crown, orthodontic band, orthodontic wire), cellular and molecular studies, including
cell growth and proliferation, screening of cell death with determination of types whether necrosis or apoptosis
and changes in expressions of related signaling molecules were examined, using cultured human gingival fibrob-
lasts (HGF-1). HGF-1 was cultured in Dulbecco s modified Eagle' s medium. among which the 3rd to 6th gener-
ations of HGF-1 were used. The specimen were divided into stainless steel crown (R), band (B) and wire (W).
The immunocytochemical study was done for the detection of anti-PCNA (proliferating cell nuclear antigen) la-
beling. With extracted protein, western blot was done for the detection of ERK1/2, JNK, and p38, using individ-
ual antibodies. Cultured cells proliferated, remarkably till 7 day and slightly at 11 day. There was no statistical
significance in the counts of proliferating HGF-1 between control and experimental groups (p20.05). Relative
growth rates were no statistically significant difference between control and experimental groups (p>0.05). PC-
NA labeling indexes showing similar patterns in control and experimental groups. The expressions of ERK1 and
ERK?2, p38 were similar in control and experimental groups. The expression of JNK increased at 1st day, slight-
ly decreased at 4th day and markedly increased at 7th and 11 day. Although the patterns of control and experi-
mental groups were similar, the increased expressions of JNK at late period suggest a possible stress due to in-
hibited cell growth and proliferation, and worse culture condition. Conclusively, the 3 kinds of metal specimens
used in this study did not induce cellular and molecular hazards during short term culture of HGF-1. But, for
the better clinical stability, the establishment of long period culture and animal experiment was thought neces-
sary.

Key words : HGF-1, Metallic dental material, Cytotoxicity, PCNA, MAP kinase
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