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Effects of enamel matrix derivatives on biologic activities of human periodontal

fibloblasts to demineralized root surface
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Chong—Pyung Chung, Soo—Boo Han'

Department of Periodontology, School of dentistry, Seoul National University

ABSTRACT

Purpose: The aim of this study was to investigate the effects of EMD on demineralized root surface using human periodontal
ligament cells and compare the effects of root conditioning materials(tetracycline(TCN), EDTA).

Material and Methods: Dentin slices were prepared from the extracted teeth and demineralized with TCN and EDTA.
Demineralized dentin slices were incubated at culture plate with 25, 50 and 100 rg/ml concentration of EMD. Cell
attachment, alkaline phosphatase activity test, protein synthesis assay and scanning electronic microscopic examination were

done.

Results: Cells were attached significantly higher in EMD treated group at 7 and 14 days. Cell numbers were significantly

higher in EMD treated group.

Alkaline phosphatase activity was significantly higher in EMD treated group at 7 and 14 days. Protein synthesis was

significantly higher in EMD treated group at 7 and 14 days.

Conclusion: Enamel matrix derivatives enhance the biologic activities of human periodontal ligament cells on demineralized
root surface and its effects are dependent on the concentration of EMD. (J Korean Acad Periodontol 2008;38:679-690)
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o] HLe] BALo X|&H4 & TCN Ei= EDTAR &
Sl AZHoA HeRE w0 EMDE| A1go] 2=l
FroblES] AEet Aol vile FE= doRket
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Aol ARGE ATl ol E Alethistal 2|
HolA PN RS FAom WAE ARt ZJope] 2|29
A Selslo] i) AR Aokg Al Al
3}l 1%9] 3FA|(penicillin G sodium 10,000 units/ml,
streptomycin sulfate 10,000 ug/ml, amphotericin B 25
ug/ml, Gibco, U.S.A)7} A71El ¢« —MEM(Gibco, U.S.A)9]
e %, A2e) 39 1/3 Sl Fslow Ay
& ZAARA Ul 5 Rl 2 vl
Hjoyolo 2= 10%2] fetal bovine serum(FBS, Gibco,
US. AT 1%29 &AA|(penicillin G sodium 10,000
units/ml, streptomycin sulfate 10,000 ug/ml, ampho—
tericin B 25ug/ml, Gibco, U.S.A)S #7}8t o—MEMS
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< OA] & Mgt & 2= AHE 1000 units/ml pen—
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(Wako Pure Chemical, Osaka, Japan)?] Y9S- m|g]
Zulsto], 79, 14 AT BHL 212 10744 wello]
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kit(Bio—Rad, U .S A)E ©o]&3[4 595 nmo] TFr= =4
Sisich. TS alderoR SIel] Slslo] BSAS T
FO 2 i,

8. FAHARADIZ &

stlo] A7} ulorEl A1 AES 19 1420] A2
94 well WO} HAZ $A welld 1.0m 2.5% gluta—
raldehydeS g3lt} 4°CoflA 2087F 1143F & PBSZ A
OsO4(Electron  Microscopy
Sciences, Fort Washington, PA, USA)E o]&5}o] 205
S TS sigint ellekEollA] 70, 80, 90, 95, 100%
AR AGES IS AR F, F2S FURE Fofl FAE

AR 02 sk

gt & 1% aqueous

681



9. SAIXE]

EARAL Q5le] statview(version 5,01, The SAS
Institute, CA, U.S.A) T2 IS ARESIYLE 2E d|o]
Ble 2 o4F 255t0] dYEikEA (one—way ANOVA) Hf
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2 A SAe Eem, TCN 29 £ 100 ug/ml st
] EMDO|| wljeRt wollM ol A 7HE 52 AlES4io]
Uebdth Hief 79 9 14 B EDTA ©9] £ 50 ug/ml
5! 100 ug/ml 5=} EMDO|| HjYTt oA EDTAR &9
TE AR ol wisf SAA R Fold e MlESA0l
EEHp<0.05). EJF vljef 7AW 14 WF TCN &
9] % 100ug/ml F5=2] EMDO] Rt oA TCNo=
2ol AR ol wisl SASH R el Sl MlES
o] TEETHp<0.05).

Hijef 794 EDTA €3] % 100 ug/ml §%=2] EMDO|| Hj
&Rt oA 25 ug/ml 52| EMDO] B o] Bs) &
At or 7o Qe A4l B 9lAL, TCN A2
100 ug/ml FI=2] EMDe] HljRRE wollA 25 ug/ml 5=
o] EMDO|| wiet o 3 50 ug/ml =2] EMDO| Hjgt
ool vl AR Fold Sle ATl TEHIA

tHp<0.05).

Table 1. Cell numbers of PDL cells cultured on dentin slices at 7 and 14 days(numbers/mm?)

EDTA+EMD TCN+EMD
C EDTA TCN
25 50 100 25 50 100
Day 7 378 532 588 628 722 732 655 692 824
a
y +33.4 144 .4 +77.2 166.6 +100.2* +85.8* 157.0 +100.5 +137.0**
Day 515 930 998 1074 1298 1378 1120 1178 1512
14 +34.7 1+90.3 1+97.8 +128.8 +130.7* +142.3* +211.0 +117.7 +216.1**
" Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
b Statistically significant difference between TCN+EMD group and TCN (p <0.05).
T Statistically significant difference between the EMD concentrations : confer Figure 1.
Cell numbers of PDL cells
2000 mc
1800
1600 m EDTA
1400 OTCN
1200 OEDTA+EMD 25
1000 m EDTA+EMD 50
800 BEDTA+EMD 100
600 a TCN+EMD 25
400
OTCN+EMD 50
200
B TCN+EMD 100

Day 7

Day 14

Figure 1, Cell numbers of PDL cells cultured on dentin slices at 7 and 14 days(number/mm?),
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).

** Statistically significant difference between TCN+EMD group and TCN (p<0.05).

T Statistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
1 Statistically significant difference between the EMD concentrations within TCN+EMD group (p<0,05).
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ujoF 14294 EDTA &3] & 100 ug/ml %% 2 50 ug/ml
=0 EMDof| vt oAl 25 ug/ml 5=2] EMDof| Hf
ek ool vlsl FARIA R ol Sl AlEESAle] B
=%, TCN A2] $ 100 ug/ml F=2] EMDof| vlekst o
oAl 25ug/ml F&=2] EMDO]| uiFet - 4 50 ug/ml F%
o] EMDo| ufekst ol vls] SARFoR feld = Al
AEZAlo] WHE|QITHp<0,05) (Table 1, Fig, 1),

2. QW QUIEA BMo| X

oF 720 TONOE Blat 22 Aefshi 7Y W 14
09| BE FolA] olAE HefakA g o] ulsh AR
Ao Fopigls AelA Qlikhe] SHie] TElg,

djoF 71 @ 149 BL% EDTA €3] % 50 ug/ml 2 100
ug/ml 55=0] EMDe| wjest 2ol EDTAR Sajgt A7)
2o ula) AR OR ey Gl A QLA

B[RV Ee| RIZHHOIAM X|IFQICHYROMMIE | M5
ol DIxl= St
o

2Ado] WHERICHPp<0.05). E3F Hief 7L 14U WF
TCN 23] & 25 2 100 ug/ml “5=2] EMDO|| Hj3t o
A TCNC= =3t AIZ1 o] vlsl] FAsH R o4
Sl Qe ikl o] BAEIUTKp<0.08)
afjoF 79 @ 14947 BE EDTA 23] & 100 ug/ml S
] EMDO| =it oA 25 ug/ml &= S 50 ug/ml 5=
o] EMDo| iRt ol Blsf AR old = &
2o Akaae] 2ol WEEHAL, 50ug/ml FEO
EMDo|| BT 72 25 ug/ml F=0] EMDo| vigRt o]
vls)| SARM o R RO Q= T ke 24
o] ¥R, 100 ug/ml 5= EMDO] iR w2 50
ug/ml F=o] EMDo|| HiYRE ol Blsj $AHA = {9
A e P dAkaAl] BA4Jo] BEEQIY, TCN &
3] % 25ug/ml 5= % 100 ug/ml 5] EMDO| HjoFet
ol 50 ug/ml HlERRE wof] wisl SARFA o= fold Q=
Py htaae] FAJo] T ITKTable 2, Fig. 2).

Table 2. ALP activity of PDL cells cultured on dentin slices at 7 and 14 days (nmolPNP/min/ug protein)

EDTA+EMD TCN+EMD
C EDTA TCN
25 50 100 25 50 100
Dav 7 65.1 79.6 75.7 80.4 102.3 125.6 1171 83.8 117.8
a . . - "
y +10.3 +14.9 12,7 +16.4 114.4 +12.0 +11.6 1+10.6 19.8
Dav 14 80.1 101.6 1091 106.1 128.2 151.7 138.0 112.6 1391
a . . o -
y +12.3 +15.8 7.0 17.8 8.7 +14.1 +13.4 +11.2 9.2
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
t F Statistically significant difference between the EMD concentrations : confer Figure 2.
ALP activity of PDL cells
t
180 T L
t SR E LR mc
o0 1 N e
0 | Pt ’1_‘ . mEDTA
T o oTCN
120 *
OEDTA+EMD 25
100
mEDTA+EMD 50
80 -
60 | OEDTA+EMD 100
0L B TCN+EMD 25

Figure 2, ALP activity of PDL cells cultured on dentin slices at 7 and 14 days (nmolPNP/min/ug protein).
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
‘tStatistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
iStatistically significant difference between the EMD concentrations within TCN+EMD group (p<0.05).
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uiok 7 9l 14 ®T= EDTA A & 25 ug/ml ¥ 50
ug/ml FE2] EMDO] vjekeh FHollA] EDTAR E3]9k AX]
ool Bl AR CR Fold Sl TR o]
tHp<0.05). EZF vieF 7L4#) TCN 2] % 100 ug/ml
F=0] EMDe] ujlRt wollA TCNO= Ealgt A7l o]
Hsl FASH o2 Fo4 = ThiEdAdo] Bk Itk
<0.05).

i 747 EDTA A2] £ 50 ug/ml F%=2] EMDo] Hj
Rt wollA] 100 ug/ml F=2] EMDO] et il Blsf
BARKR R fol Q= ThiEgdo] WAE|SIAL, TCN
Z2] £ 100 ug/ml -5%=2] EMDO]| vzt ZHollA] 25 ug/ml
F=0] EMDe] vt ol Hs FAEHA o2 fold Q=

Table 3. Protein assay of PDL cells on dentin slices
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RIS o] TEE I, 50 ug/ml F=2] EMDO] ot
wolA] 25 ug/ml 52| EMDO] iRt ol Hlsf -SAISt
Aoz Fo1d Sl TR do] TEEItp<0.05).

i 1447 EDTA 2] & 50 ug/ml F=2] EMDO| Hj
et oA 25 ug/ml F=2] EMDof| vieFEt o 9 100
ug/ml FE=o| EMDO| HiRE ol Blsl FAHCR
o Sle TERAol WEEIAL, TCN g £ 100
ug/ml §%=°] EMDo| HjekRt oA 25ug/ml E=
EMDe]| ujeFet o]l Hls SASHAC= o) Q= T
Aol WEE AL, 50 ug/ml FEO| EMDO] vt
oA 25 ug/ml F&=9] EMDe] a3t ol Hlsl FASH
oz {4 AR do] R QItH(p <0.05)
(Table 3, Fig, 3).

AT

at 7 and 14 days (ugprotein/mm®)

EDTA+EMD TCN+EMD
C EDTA TCN
25 50 100 25 50 100
Dav 7 6.51 6.95 7.80 8.92 9.13 7.88 7.24 8.76 9.05
a
y +0.60 +1.41 +1.22 +1.76* +1.36* +1.50 +1.40 +1.52 +1.41*
Day 14 8.89 9.04 10.82 11.16 12.93 10.03 9.72 11.30 11.98
y +1.03 +1.11 +1.21 +1.58* +1.85% +1.19 +1.42 +1.41 +1.57
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p <0.05).
t § Statistically significant difference between the EMD concentrations : confer Figure 3.
Protein assay of PDL cells
t
16 ’_‘l_\
ul * ,1_| mC
s x m EDTA
L t

O EDTA+EMD 25
m EDTA+EMD 50
O EDTA+EMD 100
B TCN+EMD 25

Figure 3, Protein assay of PDL cells on dentin slices at 7 and 14 days (ug protein/mm?),
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
tStatistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
iStatistically significant difference between the EMD concentrations within TCN+EMD group (p<0.05).
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FARRFRAOIZ 2R

dioF 190 2 14UAe] 7} o] A Auo] BxE
m@%owf o APIAIENAS Bal Bl )
190)0] BE ok AAw
el AR Bsslon, B A

O

o2} 5i22) EMDo] slefet ot sl o 2 Alolo]
L Ut AR el AolEg WA St i,

WRP IIRERZE 28 XIZEBOIA XZERIHROPIE] Mst

Seoll 0jxl= St

Hiof 14RIS] FARIAEEAA A7 ES BE FolA 1

Aol wlsf W FAAES TE 4 Ao, AlEe 1
Aol vl BL HBFTH WAL BRS ww, NEZE7|7h
AL Bty €3] 3 EMDI] wiokdt &
g5t gk ool vl FRE AxEa) SU1eE SRS B
o, AATEH| vl HFSHA Fatsle P e

Figure 4, SEM views at day 1 after seeding of PDL cells(*<300),
A) Control; B) EDTA;, C) TCN; D) EDTA+EMD25; E) EDTA+EMD50, F) EDTA+EMDI00, G) TCN+EMD25; H)

TCN+EMDS0; ) TCN+EMD100

Figure 5 SEM views at day 14 after seeding of PDL cells(<X300),
A) Control; B) EDTA; C) TCN; D) EDTA+EMDZ25; E) EDTA+EMDS50; F) EDTA+EMDIOO; G) TCN+EMD25; H)

TCN+EMD50; ) TCN+EMD100
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Hammarstroms &AM XE2Z9] Aol enamel
matrix protein(EMP)2] ARR-S efo] XExAa}t SASH
o] ZsSiaL sy, 22 D QHEoR
Ae)e] Aol el ALEL Slert 1 2kg714o] o
stotiz ob) walolAl sl Slake eick EMDe] clale
AEH] A= EMDO| 33t o] Sli= EMPof| 71918k,
o] whe] Takulo] Pt TIE AR 2 fibroblast
growth factor, insulin—like growth factor, epidermal
growth factor, PDGF—-BB, TGF, interleukin 5
H= o] 9l%=d|, Gestreliuss EMDE= AARIAE &
okl A= Fom TR Aol it BA7|H(vital
matrix) 2 2F83H 31901, YaolE dite s 3t Ad

o4 EMD2] %§o] AgotHlze] Z4o] fofet Znte w

ol 31At}? . Lyngstadaas= EMDE] 2-43]0] A|E
o] Z7hE AL WYorA o] 7P FMEYsigar”
Haase 5-& EMDOJ|A] growth factorS &34 3o,
EMDw= A=QIdfrobilze] mRNA 342 S7HA =
7] Aol FNofetekn WS,

EMD7} AA| = ARAolA ARRESS o 2 A
5 wol S Apse] BuEw glos, ozl shasel
A|FACF ™, Hasse 5 HIFE XFQIrhdgobH] o]
A EMDO] 71d 9P AIE 2ARE AF), 27 AR S
oM 71d S A 28T FAAGS 7L okl st
ALY, Hakki 5 0] vlEe} A 2E thyoR EMDE

S
A 2y}, viEsHEs Wofopi|Ey o2 ARE
HAVde 7ML e, EMDE of=eh Ao 254

243 4 9L, oL xFE2A ] WY WAelA A
7 A ZRgo] Zashhs RS ARtk s,
Ohyama 52 7t AlEof EMDE A-8A171 A3} ¢l
QtaEAe] EAo] oA Ik skl
Hoang 5-& X522 Aol EMD7} mipr}h 9l 2l
EMD] Z24J50] opl@ A o] Jraksiels|nt Aeix o
AL ke AT 7RI glon, Yot Fjeiuis
ARS 314 o] wjRolekm s, 7 § oA 2] X
& TlA EMD7E B S71e ARE FHdelA 2
o2 Uitk Husiolct?,

W o)Al EMDE AMRS wjo] £& Are] s

o ok

=

Ay

i
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BEkT QLo I®x] OkS ATER 9J9lth Chong £
o EMDS} oftlzAle] M-Ity gotiEe] F4jo] @
1012 52 TR ST, EMDS] T 74 2471 o]
e 24 9 obge] ol ool o 2
o 33 2480| Slolobit A Vel 4 S Aolek
Ejlﬁl-‘}iﬂlg), Pischon 52 organoid culture AJEfollA]
EMD7} thaizl o] 3hAlS Z7iA)1 4= oloq. 714 G35} 2F

ZIA) Sk S

kol BMDS] o]t ofe] 77t AapEle
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