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GallateZ XWH IHE o|FibztgE Zo|A A7}
ZPA nx+= 4

odh

H 2t A= oA A TolA Bol ARREE AREE Sto]=FAlof
3}E}bo] E (hydroxyapatite, HA) ¢F WlEl-Ee]ZgE 2 o] E(B-tricalcium phos
phate, B-TCP) & Ao = shi= o|F¢lib2+ (biphasic calcium phosphate,BCP)
=ol A7 ATk, o]t A e ZolAAl= vE EdERE Bue AYAIT
omA ZPETHES T Ho 5% AHES A & 5 S
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dor AFE APsiAnt. E7 okEe G5 e 974 e dxg-E
gAsta 2zt 7)o 5 HolsS UExRwow HF HAodEs Addsow A
Astith. tixatolle= o] T A& o] 21 A} (OSTEON™  Dent ium, Seoul ,Korea)

A& 1o = oligopeptide bSmg/mlZE EHA 23 OSTEON™ &
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sto] Zol A Ao H3AT FHAEE vt Ay o AYE AU,

—

. AT s AT
tZ=tel o]

by
BN
N
o)
|\
o
2
M
1%
o
frtl
e

o
>,
oZ

4] 2 = WAH(NBD) S B

o] 2] A (OTSEON™) whe 288k ol Hlal] oligop
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HEe A3 ARHAY.” e, A o z’(BMP 2)9}/] A3® osteocalc
in?}e] A3 alkaline phosphatase 7+

o] Al T o]FALE ZolA Ao vy wd ﬂ\ﬂ‘ﬂm‘ﬂ AT E AT
oA H o]Felat s FolAAE UE EHER FuAgGor FYPHTH
S e T EY e AEE A & 5 s AomE H. %
Ao M= H2FEFE2 gallate, oligopeptide, ErhBMP-2 & ©]-&3}4] o]F
A ZolA Al xS IYEAZ & P a9E vlalste] ®Hk.
2= 9y 585 E 524 A7 fFositheE Ao A AR 3
BET, g, Adadsddt 2 auas dis wol &l 54k
o] % Hxbo wol] 73 epigallocatechin-3-gallate(EGCG) &= polyp

Kol
henolo] = 7]Q1ghrh. EGCGS] 2H8-2 =¥ A AL #do] =dl, EGG =
ollagenase =2 gelatinase®] &3 &S A5, -JJrJ—/HLL(osteoclas
t)] apoptotic cell death® r=3dte] 3= A E(osteoclast) FAFS A s}
= Aoz dHAgYet. ¥ wal EGCGE alkalinephosphatase(ALP)2] &4 &
Z7FAAA multipotent mesenchymal stem cell ©] ZZA|EX = E3lyH = 374
S FXsa A5 Fatd FAEY] Ao JFS FE Aow B P
1570 8] ofm=Ato 28 BWP-2 A #idS 7FX] oligopeptide”’t =&
A7 o7 Baw o, Zebdl(collagen)d] A ERF wHQlo] A-L-sf
ol wjdo] ZAFAME(fibroblast), =AM (osteoblast) 52 Al
AoZ HuHE=SP Qe oFol FAoligopeptideS Fo|
5 o

S 3tslo] A}LslH FolAlAle FIALE o] I FIEFS = A

O.>’

%
o

it

ox > B orlr oo

(bone morphogenetic protein,BMP)2 A7 A}e] shp=A

s, FolAAle FREAL ¥ol7] AN TRABu AR
& AReslE A oA FolAAwWEL Azlstd Algal

Zol A7t AAAFAT FARAL D dedE Brsn 24

@%ﬂﬂ‘ﬂ ‘371% Zol AR FAE FEHT F rh
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0. 94+ Az 2

A3 552 male New Zealand white rabbitS A#lale] & 36vie]e E7]
A 72709 AdetES oz AFS Ay, By AotEe dE9E
AsteE 912+ F71& 2 nasofrontal suture line AW O 2 20mm 12|l
Aol A 10mm S-S 7o w s s A P, &3

Institutional Animal Care and Use Committe of Yonsei Medical Center <]

o of o 2

T

oft o

2 A s BE7Y G5 Adets o Z+7F 97 6me dEg-E A
St & 5 Aotee xvToeR S5 Aodee AdToer AAENT.Ux
o= o= %%%O]NXH(OSTEONTM Dent ium, Seoul ,Korea) 0.lcc & 88&

ErhBMP-2 0.05mg/ml = ¥ FE3F 0S TEONTM(O 1cc) S 7# 7t Agskgik. iz
T3 7 AT By F AdEE 4 FY AR F g Asta, 98- 857
o] A & sAsIATH
Table 1. Design of experiment
group AHANE ) =t S| AAIZ] groupd WA
A1~ Oligopeptide OSTEON™ 43 8F  45(6v}a])8F(67}1g])
A2 Gallate OSTEON™ 43 8%  45=(6v}e])85(67}a])
2337 ErhBMP-2 OSTEON™ 43 8%  45=(6v}e])85(67}a])




LA

3. Fo|AA ¥H =

ot

= AR AR AR T ol U E oA A OSTEON™ (Dent ium, Seo
ul ,Korea)& 100% F/d=ol A A=A Ao W3 FAMS 5% E 7HA
1 slo] = FA|otutElo] ES} HWE-EgZg AT o]EE THi39 A EH] & (HA:
B-TCP = 70:30)& Ffr=o] AUrt. o]Flibzds Zol A Ale] THA e AFE-
Sk A ZEFol A oligopeptide(5mg/ml,Sigma,MO,USA)+= GTPGPQGIAGQRGVV(P-15)
o] Jetol= widS 7HA=H, ol APl type I collagen o A®FF &=
mQlel sgget. S p-15 Pl Iy Fr1E FAAIE F1 2R
FAHA #Hgsle] FAME HH8E Ao® Ba H vk dvk? gallate(Si
gma,purity 97.5-102.5%,M0,USA)= 5Smg/mle] HEE A& o]Felitd 4

Fol A ¥WS FE3TE. ErhBMP-2 (Cowel Imedi® ,Busan,Korea)™ 0.05mg
/m1 2] = o] 2 %) Ao AFEEIT. ARARE olFUMLE =

& xd
SAATES R RS B8 2o

0—Gilan©—NH,
0 0—Gilan©—NH, @
APTES 0—Gilano—NH, |_SMP
0 —Gilan©—NH,

0—CSilan®>— smP | rl: 0—Giland>— sve | )
0—Gilan®— smp || @ 0—Gilano—| smp | )
O SMP Peptide E

o—CSiam>—{ 5w |

0—Gilano—{ smP | )
o—Gan>—{smp | ()

Fig. 1 Schematic diagram of HA surface coating procedure: (I) APTES
treatment; (II) Bi-functional cross—linker (SMP) connection; (III)

thiolized peptide grafting.



o]

ol

o] F k4 o)A A<l OSTEON™ (Dentium,Seoul ,Korea)?] A& =

- 1l
EEA|olutelo]Eof AE A F <l oligopeptide, gallate, Erh BUP-2 & Z$HA|

7= WHoR Io|AAlY RHIHS AlSellTh. slol =S A|olatElo] E 9
GAF3}7] (OH-)oll silane coupling agent2l 3-aminopropyltriethoxysilane(A

PTES) (Sigma,MO,USA) & ™A ZAA|7]aL, o7l vA] F3FA A (bifunction
al cross-linker)$l N-succinimidyl-3-maleimidopropionate(SMP)(Sigma,MO,U
SAE ZASA 715 A3 Q52 oligopeptide, gallate, ErhBMP-2Z ©] SMP ¢}
Al 282 E it olgld Ty A Zo|d A x| o}yl 7] (NH
-)E A A7]+= B9l silanization?} SZFA A (bifunctional cross-link
er) 9 SMPE o}Hl7]o] AgA7]+= 4, oligopeptide, gallate, ErhBMP-2&
SWPet AFA7IE A 3TAR FRE 5 Qe Fig 1e o F AT
ol Ao 1 Y #HAFo EA Lotk 7} dAE AAE] 7|estd vat

=t

-2, Zol A A xWel 9= carbon, oxygen 59 LAEAS AAI] 9
o g Ao @ eSS LuE Fo] 100Co A 244
gg;]_ 3 100C2e AEZAE (10 5torr)ol A 204
Ak, o] Fol AR o]Ff IHAAHL A

+ silanization}g o =24 Zol2 A x| olWI(NH-)7IE o
AA 7= FA4S 3353 T). 3-aminopropyltriethoxysilane(APTES) S S 4H(H
exane,sigma,MO.USA)ell *5olal, 1 &9 o] Zo]AE YUrh. (5% 1x107°M
=10mM) A2 o= (Ar) 7k SOl A Rldskar, 24]7F &<k stirring s}

BFS Azt A wSo] e W 5 e dalo® 33 A FHst. of
EX(Ar)7Fx AN FasR ., AFMHLS 30259 stirringS 33 yb
skt (7 30%e] ofyer 3 M FHo] 30+ QFol]l o] Fojxof 3k

t}.)silanization®] €+5¥ 3 70T HFoA 4A17F H A3} outgassing
A At

FHA GA= F7HA A (bifunctional cross—linker)E o}l (NH-)7]o] 2
A7 HHoZA silaneXEE ZolAAE SWPeF ZFAIZIEH, SWPE
2x10™M =%9l dimethylformamide(DMF,Sigma,MO,USA)o] =91 = 2A]7F%oF

ol 2 (Ar)7F2 8ol A stirringste] B A F T},

_7_



HEg-o] gasa o F 7Rk diloz 33 AH3SIT. ol =2 (Ar) 7~
oA FaytFar, AHHHE 308 5ot stirring®|Y sonicationS 33
HE- =31 5131 Azgto]l a ¥ W F 70T FAA 4A1F B#AsEA] out

AH A A= oligopeptide, gallate, Erh BUP-2 & SWP9} ZAHA7]+=
o2 Erh BUP-2Z DMFoll 3olal Z1 golote] SWP Agld Fo]AAS d&
5 IAIZHE ol WES A HTE. gallate®} oligopeptided]+= SH-7]17F @122 th
iolation A4S AAA ZTHEY 37]E SH-7|E2 XA 5 o] AAHS
&etaitt. (thiolation 2 ofefjol] W= 7|3 vpo] wgit}.) gallate$t o
ligopeptideZt AFE A|H DIFE o] &3t 23] Az A sttt of2227}

<)

2 B SR, AFHHE 30859t stirring®|Y} sonications 2
3] wHE st AlF o] gRE AW PBSE wWol Wed(-4T)d By
’3}}3\{— ], A7 174S 971H <tdn. 159 o] Hato] a3 74
%, HAAZ(lyophilize) A Aok 3o},

jQ, -

of Od 3l gallate9} oligopeptide?] thiolation ¥4 tpL3 o,
A% 2 9EA(carbon,oxygens )< HiAlE7] 98l of2Z L7t~ EH7 of A
aholth.” Sl oW (NH-)717F §13= pH 8 o] bufferE M| 3 buffer
g Mol degassing 8= A5ttt M= thiold AtstE HAst7] 91t
o ImM EDTAE F7F8til 10 mg®] peptideE &31AIZTE. 1 mg®] 2-iminothiol
anes H7Fstal HEG o] o] FAXLEE 30-60 wIF A-2olA H#AsTk. HES
4] 22 2-iminothiolane Sephadex G-10(Equilibrated in degassed PBS
with 1 mM EDTA) S = desalting &to] #AASFATE. ©]& A thiolated ¥ SHE}
o= FA| AMgetEs A, ofyWH FAxZ(lyophilize) AlZIt.

> 9

o
1% o

2) Oligopeptide-HA 4] 2 M xZAF

ol Ao xHAYH}Ao] HAETHJAAE &7 3] silane A& F2} olig
opeptided AAI Foll 742 X-Ad B Ak 3241 7] (XPS,K-Alpha ESKA SYS
TEM, Thermof isher Scientific Inc. MA,USA)Z ®-A13}t}*. oligopeptide”}t
AgH FolA A e tha| A= fluorescein diacetate(FDA)A A3} MIT assays
Algste] Alsze] tigk Z7|FAAFEE BEer] A3 AxAdAS AFsAT

_8_



FDAT Arolsli= A Xont ZAayn =ao] gygog W, wabA,
ol FolAlA FHo] F23 AEZEW AT WHo |tk 48well plateoﬂ

14]
o] Fel Ak Fol 2 A1¢l OSTEON™ 150mgS P 3L, human mesenchymal stem ce
I1(Lonza AG,Switzerland)E ©]-&38te] 1x10'cell/well 2 ¥+ 3 v} zb7}
2AIZE, 24A717F B<F vkl F 1xPBSE A &3} Th. FDA stock solution(Sig
ma,USA,5mg/ml acetone)= 1XPBSZ working solution(20xg/ml)S "HEo] 30
Z B WS AR F AlHe] F-F Aolgle AlEe] 5 334 Jull”,
Smartfluorescentcellanalyzer ,USA)<S ©]&3to] A|H @ sadtlE #EYste] &
G Hol F&28 AxE AL,
MIT assay+= Hh«l SAS SAS] A ZF AR

A& Aestal A1&eHA dealr] 918 hemocytometer & ©]-&38ke] AEAES
s AAY J/]'-S—],’U]E(Optl al density)E S7A3he= Wo] ARESH AT B2
o MEE SAHMF o= A B AT ==o] a4 =
7t 4 k. Wk MIT assays 2olgds AL o nmEE a
4 2H-& (dehydrogenases)oll oJsto] wm=ghale] =84 714l 3—(
hiazol-2-yl)-2,5-diphenyl-tetrazolium bromide(MIT)ES A}FME w= H|S
8739 MT-formazan 2o = A7 HEZE=2oY H& o] &5t
HAAPH o2 A Al&eta GeetA W 4o Ax S48 54T 4 A= U
olth., AFM AL DMSOo fallH 2 &3 % (Optical Density)+ 540nm<)
ol A Hi7F Hw, o] mpelA FBE FHE=e Aoldle AMEY Fo
AR AARAZS JERA dk

3) Gallate o g 71x4%

ol A He] T8 Ao A3 A =5 gallate(Sigma,purity 97.5-10
2.5%,M0,USA) el tiste] =44 Aol e 7122 HS HePsSiTh. NIH3T3 ¢
ellS AMSElA =24 FAPAAHEE T3S TE. NIH3T3 cell line *-‘H*
nh9- 2 B AR F, fetus) A EE AE 50mm el 3x10704 o4& F 3Y
ool A S whEsle] A &2E A E5 (3T3: 3day/Transfer/3x<10°7H) 2 A]
o7l vitamin C & F7}sto] PSS do7|A Ik, F7F= 1uM,5uM,25
M, 50 uM 9] gallate & ©] ¥o] A4 JHH= =& ASsIAH.



4. Ty R AE A=

Ao AlgE ZE E7)d = Zoletil(Virbac,Virbac Korea,Seoul ,Korea) (1
5mg/kg) ¥} xylazine(Rumpun,Bayer Korea,Seoul,Korea)(bmg/kg)ES =3k %
TEHTASE ALwHE Atk et 99 88 72 F ud A%
S AP, FERYol= 2% lidocaine(epinephrine 1:100000, lidocaine
HCI,Huons, Seoul ,Korea) & ©]-&3to] HHrtHE F7F= A3eF3Ath. nasal bo
ne?| sagittal midlines Wl A71s & IFof Zuhs x3ehes ASHI(f
ull thickness flap)& #7383t}

ek A4 AFstol] 917 6mm ] trephine bur (3i Implant Innovatio
n,Palm Beach Gardens,FL,USA)& AF&3to] Aotsdd Q=5 FAsAUT. &
7] FHES] saggital midline & &9 ALS-5 AAT 7HFe] Heol =
A VS AYGste] F=Fol micro CT &9 2 ZHFE YA 7]FH 0]

|

St HE AAY F A=A gers e Agstn o
1 1= A

[e)
o
&3t & A2 =S A XA F

AHANEE Y2 & AduS A}
g5l th. 4-0 Monosyn(Glyconate absorbable monofilament, B-Braun,Aescul

ap,PA,USA)& Ab&3ste] B3etal B3AlE 459 & AAs . 7+ 5 1
TAZt A Enrofloxacin(bmg/kg)S 5 FAFSIATE. o|n] AF - AA
A AYHE U2 e T 47 AT 85 sl 27 vHAlE I Y
Fat= Al71ell S| AAIZT

_10_



(a) (b)
Fig.2 Surgical procedure : (a) bilaterally prepared windows (b)

insertion of grafting material (metal pin was inserted at the midline

as a reference point for microCT scanning and section.)

5. WAL A - micro CT

Aot Folo] HS ¥IEE FE BEES 1% xEEdow 1097 1
3k % micro CT(SkyScan 1076,SkyScan,Aartselaar,Belgium) = Z~70&}St},
gk o] += CT analyser 2= 1% (SkyScan,Aartselaar,Belgium)< ©]-&3}
s o Btk s0A 2 Ba T4 EH3(CT volune)
=43t Dataviewer X &1 (SkyScan,Aartselaar,Belgium) 0.2 H &
73 o] (MAH, maximum augmented height)$} A5 23121 o](DDD, deepes

t depth of the defect)E& A 3F3tt.

WA Wb gl A AaAew SHe (Fig.3(a) 00D & A 1A
o sk shael AelN AER Hahwid Auen SHstalrhFig. i
b)). MAH ¢} DDD & Al53H7] ¢l dataviewer =X olm#] 35 3
Ao AFAsla, 33A8 FEGFAA K(sagittal 238)9} Z(front
al FIAXE o FAWA G ol T4 FIA MHE FHen, A&

o

F7F 718 72 F9oA DD & FAeA k. CTvolume micro CT <370l A

o My & [N o
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Fig.4 HE stained slide Fig.5 Masson's trichrome stained

slide

FetdnHdor 2ARES #H2S * Image-Pro-plus Z=Z 1% (The Proven
Solution™ USA) o = ZAASFSHY EAS 33t t}. Fig.62> A A S55H4
ol 4S8 Tyt AL HolFE Aot E7] AelEuo] Fo|zlo] A
g o] A (total augmented area)™ A=< WA (newly formed bo
ne area) ¥ F&E Fo]A A2l WA (remaining grafts area)S A3}t
Image— Pro-plus> 213 (The Proven Solution™ USA)/gell A E7] Zgts
o] Az} FEsh= oA AE BT EFste 49 (Fig.6oA 400w
FAE 49)S AAEE detsul Zoldo]l AldE F919 FH A (total aug
mented area)©] AbElo] FTAET, T, ARRloA HoAo g FAE = AlAY
Zol 99& AAsH YT WA (newly formed bone area)S T 4= 3l
o}, st A A A AR JAR Hol= FE ZolAAfe] HA (remaining gr
afts area)’= & PO R Fslvh. F23He] vl E fste] A5 THA
I A E WA wiEE
o WAL WS &

@ AT WA OBE), FRAT HE Fo] 4
& Zo44 AR E ANSHATH



A ARE (NB%) = AAE WA /ZW A < 100
FE o)Al HAN(RGH)= T Zol A Al HWA/FHEA < 100

(NB%: newly formed bone area %, RG%: remaining grafts area %)

nl oFALE BEE

File Edit Ww Messure |mage
Irdgnsity Range Selaction

Al Classes Selected.

= Manual: Sedect Colors ...
" dutomatic Bright Objects
 Automatic Dark Oblects

¥ Measure Objects  Total Count: 11981
 Apply Filer fianges b Range: 523
B ™ Accurlate Court

=171 TN T -3 5 WH 0050 Gray Lo um (41.5) 168

Fig.6 Image- Pro-plus program(The Proven Solution™, USA) for histometr

ical analysis

8. 4

micro CT &4 B ZAASTH ZA A o] vlolgo] thet A=
2SS ol B3] ST, 45 85 3 TollA g
]L~HﬂﬂKm$dWﬂHs%M%-N@ﬂﬂq.Q‘Eﬂﬁ4$ﬁ$
Zbol| W2 W] E 934 Wilcoxon Two-Sample Test &

oo of
A%
N ﬁi IH

(p<0 0)
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m. 9423

1. Oligopeptide-HA ¥4 2 A ¥XAY A}

XPS £4

oA A gHe ZHAEE 98] 2P AEE(oligopeptide,gallate, ErhBMP-
2)& ZolAA s slol|=FAolutElo] E(HA) wWol| AdAA "5k

A

th. o] #Ago] AEAJAA Flatr] sl X-ad Fd AR FEA] 7] (XPS,K-Alpha

ESKA SYSTEM,Thermofisher Scientific Inc.,MA,USA)E ®A3tglth.” Fig.7¢]

aEE 1 AFE BHoFEd], Si2p WMETE 100eV Fto] Kol o® W

o} silane A&7} ZHASS & F AT, FESH Nls, Cls o] Holm=z
o

HEpol = Ago] olFoll AE el & 4 AT

Suney
5 Scans, 5m40.3s, 400um, CAE 200.0, 1.00eV

o

1.80E+05

1.60E+05T

1.40E+05T Nats.

1.20E+05

1.00E+05

Counts / s

C\E&

8.00E+04 cazp
Cils

6.00E+04T

N1
4.00E+04 M o
2.00E+04 zﬁw

0.00E+00
1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0
Binding Energy (eV)

Fig. 7 Broad XPS scan of peptide grafted HA
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Table 2.o4 B Si0ColA Si2p ME7}F 102.7eVoll A LpER}E=H] o]&= Si
lane A&7} g9 Y= v 7o]t}h. C-NHy,C-09F N-C=0 <4 Cls ¢} Nls%o]
Hole= AL e o=t ZFofdtt= Aot Maleimideo] A Cls,Nls%©]

AL F7HASHA (bifunctional cross—linker,SMP)7} AF&¥ ZE7A 9]
s A= Hol HA WY A A5z Ajto]l & Hoglthe AS
ISA=

A

o

_—

=

9
o o1

b
N
32

Table 2. BEs(eV) assigned to specific nitrogen—carbon and silicium cont

aining functional groups in agreement with literature data

Cls Si2p Nls
Si0sC 283.9 102.7[27]
CHx 284.8[28]
C—-CO 285.3[29,28]
C—NH,,C—0 285.9-286.1[28] 398.9[30]
N-C=0 286.4[28] 399.7—-400.8[29]
Maleimide 287.2—288[28] 399.7-400.7[9,311]
COOH 288.5[28]

FDA €44

Oligopeptide® WA 2]¥ Fo]2 A (oligopeptide-HA)o th3fA FDA(fluor
escein diacetate) @S APt AF} Fig. 8ol H Lol EF2A17F &, &2
4N ZE & B oligopeptide® FHE slo]=FA|olgtElo] E(HA) A ] ©

mAe) PYVAL B 5 Yo, ol AL 7Rl FAE AL

M orlo
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F1g.8 FDA result : (a) after 2 hrs. HA (b) after 2 hrs. Oligopeptide-H
A (c¢) after 24 hrs. HA (d) after 24 hrs Oligopeptide-HA

MIT assay

Fig.9% MIT assay A& Z23E RAFT. Fig.9 222 A tiZ(contro
1) & pure HA ,SM6& oligopeptide® FE A 2]¥ o)A Al (peptide grafted
HA), S7& silane AHE]¥ =0l A (silane treated HA)E YEMN=H], 244]

B3 A8A1 7 Aol B oligopeptideyt silane &2 FWHAEH =
ol A7} MaEF-Zo] ¥ 5% ASs & 5 AT 5F, ollgopeptldei i*
A2 ek Zol A A (SM6) = 24417 BAoA o w2 MEFFHE YEMA

g

2} 2=
+dl, o] oligopeptideZ} A Z7|F-& g L& &+ A= HAG,



120

115
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105

100

85 -~

> b A > o A
U #&{sp@a

i,
> &S #
@{\ (f @4\ e

Fig.9 MIT assay result : control-pure HA, SM6-peptide grafted HA, S7-si
lane treated HA

2. Gallate 7|48 A3

th. 9 vitamine C 5 F7laliA =3 A

[e]
o B
= T
ate® F7IE ¥olFd ¢ B2 ¥¥AHo] dojue s I
]
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Fig.10 Bone nodule formation test result : gallate

3. WALA B4 A3} micro-CT

Table 3. Micro CT result : 4 week

MAH (mm) DDD (mm) CTvolume (mm®)
OSTEON™ 5.02£ 0.87 1.05% 0.60 24.81+ 4.06
Oligopeptide 4.48+ 0.81 0.80%x 0.55 27.44+ 6.69
Gallate 4.93%+ 0.85 1.40x 0.56 27.73%+ 3.57
ErhBMP-2 5.03%£ 1.00 1.00+ 0.60 23.36+ 1.67

* Data are mean* standard deviation.
* MAH : maximum augmented height, DDD : deepest depth of the defect

CTvolume : total volume of augmented area
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Table 4. Micro CT result : 8 week

MAH (mm) DDD (mm) CTvolume(mm”)
OSTEON™ 5.24%+ 0.97 1.00x 0.50 22.94% 5.85
Oligopeptide 4.15x 0.52 0.64x 0.44 24.53+ 1.55
Gallate 4.70x 0.83 1.06x+ 0.66 26.71x 4.86
ErhBMP-2 5.37t 0.94 0.93x 0.66 24.37+ 2.91

* Data are mean* standard deviation.

$1¢] Table 3 o B gh vpef o] 45 3ol A MAH & ErhBMP-2v(5.03
+ 1.00)¢] 7P =31, OSTEON™-(5.024 0.87),gallatev(4.93% 0.85),0ligo
peptidew(4.48% 0.81)9] £o = YElWT. 45 3|7 A4 DDD = oligopept
ide 7(0.80% 0.55)°] 7F& =31, ErhBMP-2+-(1.00% 0.60),0STEON™<(1.05+
0.60),gallate(1.40% 0.56)9] o 2 VeI, 45794 CTvolume & gal
latev(27.73+ 3.57)°] 7}F% =31 oligopeptides (27.44+ 6.69),0STEON™*
(24.81+ 4.06), ErhBMP-2+-(23.36+ 1.67) =4 = ebt}.

Table 4 &= 85 AT microlT ASZA3E Aldk Aottt 85 3| A
ol A MAH = ErhBMP-2+(5.37+ 0.94)¢] 7+ =31 OSTEON™(5.24+ 0.97),
gallatex” (4.70% 0.83),0ligopeptidex*(4.15+ 0.52)9] =22 v E}RTE. DD
= oligopeptides(0.64+ 0.44)¢] 7} ZFar ErhBMP-2+-(0.93+ 0.66),0STEON
™S(1.00+ 0.50),gallates(1.06+ 0.66)2] =4 =2 AR}, CTvolumes galla
tew(26.71+ 4.86)9 A4 7} =3l oligopeptides(24.53+ 1.55),ErhBMP-2+*
(24.37+ 2.91) ,0STEON™<#(22.94+ 5.85)=4 & Zro}lxit},
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Table 5. Histometrical result : 4 week

NB% (HE) RG%(HE)
OSTEON™ 18.80+ 5.737 31.50% 4.72
Oligopeptide 26.30x 7.02 30.64+ 11.25
Gallate 23.34% 4.81 32.50% 9.00
ErhBMP-2 26.08+ 5.847 30.07+ 4.71

* Data are mean* standard deviation.

* NB% : newly formed bone area %, RG% : remaining

* HE : hematoxylin-eosin stain
« Tt significantly different(p<0.05)

Table 6. Histometrical result : 8 week

grafts area %

NB% (HE) RG%(HE)
OSTEON™ 21.26+ 6.917 27.23+ 5.49
Oligopeptide 30.53+ 5.36" 26.51% 6.17
Gallate 31.60% 4.947 29.59+ 2.63
ErhBMP-2 28.46% 3.38 27.02% 4.67

* Data are mean* standard deviation.
x T significantly different(p<0.05)
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Table 7. Histometrical result : 4 week vs 8 week (NB%)

dweek NB%(HE)

S8week NB%(HE)

OSTEON™ 18.80x 5.73
Oligopeptide 26.30x 7.02
Gallate' 23.34+ 4.81
ErhBMP-2 26.08xt 5.84

21.26x 6.91
30.53+ 5.36
31.60t 4.94
28.46t 3.38

* Data are meant standard deviation.
# T :significantly different(p<0.05)

Table 8. Histometrical result : 4 week vs 8 week (RG%)

4dweek RG%(HE)

Sweek RG%(HE)

OSTEON™ ' 31.50% 4.72
Oligopeptide 30.64%+ 11.25
Gallate 32.50x 9.00
ErhBMP-2 30.07x 4.71

27.23%t 5.49
26.51% 6.17
29.59+ 2.63
27.02%t 4.67

* Data are mean* standard deviation.
# T :significantly different(p<0.05)

45 AT HE dAoz #ast Ay AAE WA H (NB%) & oligopept i
dex*(26.30% 7.02)°] 7} =31, ErhBMP-2+*(26.08+ 5.84) gallatex*(23.34+
4.81), OSTEON™<*(18.80+ 5.73)¢] =o & Zolxit}, thx<l OSTEON™ (1
8.80+ 5.73)3} ErhBMP-2-(26.08+ 5.84)7toll= EAIH o= F238F xpo] 7} <)
ATt 45 AT A HE GAo 2 Azsk JE ol A A HAB(RGE)+ gall
atevw(32.50% 9.00)¢] 7} =31, OSTEON™-(31.50+ 4.72), oligopeptide™
(30.64+ 11.25), ErhBMP-2+-(30.07+ 4.71)<= 0 2 Zrolxth EA 82 fo A&

AT
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85 I ArollA HE Ao 2 ##3 A}t NBb = gallate(31.60+ 4.94)0]
744 A3, oligopeptidei™(30.53+ 5.36), ErhBMP-2-(28.46+ 3.38), OSTEON
™(21.26+ 6.91)=0]H | o] thxw-¢) OSTEON™<(21.26+ 6.91)%} gallate
(31.60% 4.94) % oligopeptidew(30.53+ 5.36)7Fel]l SA8tA FoAdo] AU
th. 85 A HE Aol A RG%bE gallatext(29.59+ 2.63), OSTEON™<(27.2
3+ 5.49), ErhBMP-2(27.02+ 4.67), oligopeptidew(26.51+ 6.17)<=°|t}.
7 ol A 42 8 I A7) wE NB% ©F RG %%kS vl glSw gallate
ol A 45 NB%(23.34+ 4.81) 9F 85 NB%(31.60+ 4.94) Alolo] A 82 o7
FAAUAA L Fkol Z7F8FRA AL, OSTEON™:o| A 49} 85 RG% roll A8t
2 o)A A RGE Fhol FHAsit.

_23_



AdHE HAS B 4 93, augmented ¥ =2 pseudostratified ciliated colu
mnar epithelium &2 Yo JqATH(Fig.11). o] A FHOE AAZo] Ho|
I ARER ZFAE AAZY lacuna & FA ¥E(osteocyte) S B2 4= 9l
tH(Fig.12). M o]& A]7|Q1 45¢o] =¥ AEH mpxlo A zpegpt Ho]

ofel oAl FHA AAHE Zo] FAHE S E 5 AU (Fig.13),

AT FH A A" T A 7]HH A E HO|il, trabecular patt
ern < ‘Fobsul FEFAAEEH LA T3t S AR s, Fol2
A AAFTE FEHA skl ol A4 particleo] F57F AAEHIL U=
S B F AAH(Fig.14). diF-ite] A= AERTF A FHUEA A& F
Ho Al AR gtk A& WA AAYL e AAES Gt 9
3l &R HOkS w ZolAAZE Azl =2 Ao e EESE B T I
A=, ole gk ZolAAjet A= o] incorporation¥ o] U= FdE Sl
2 Zol A Al Fa7E I EHEA T Fo= e AAEE v RS 7
g 4 9l

Fig.159] 4= Cuboidal osteoblstE & < +=H|, ©]+ mesenchymal stem
cello] osteoblast® differentiation &&= A4 Yeldtta BuHY, 3
ZHAl AT At Bl AdS 3 EE 5 AT, osteoblastE°] A
AAM A zol AAAEE Aol 8FAAARE AE AL vk s HoFal
At ZolAA FHor A<LE lamellar bone?] A7<¢l Haversian system,
Harversian Canal, interstitial lamella’} WEFt S ™ (Fig.16),0l= A&
o] FHE F AxE S Hole ALE ol t9] osteoblast7}
A= FHoE WA Hode As B & ANL(Fig.17), Fig.182 8F ol
igopeptide WO = osteoclast7} ¥z a1 I} T & Ao A= o]eld =
T FEE AY FolE F gl ole o|T A A FE I oA AL FE A

1} = (Ca* o] 0] osteoclastE AA8}7] WjiEoz Helt},

O

_24_



(a) (b)
Fig.11 Histologic findings - 8 week : (a) Erh BMP-2 group 8 week. (b) O
STEON™group 8 week .

Fig.12 Histologic findings — high magnification : Newly formed bone and
blood vessel,osteoblast,osteocyte in lacuna were observed around graft
material (OSTEON™) .
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Microscopicview X200

Fig.13 Histologic findings of 4 week ErhBMP-2 group: Callus was found
near graft material (OSTEON™). It seemed to be originated from graft ma

terial, not the margin of window site.
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(a)

(b)
Fig.14 Histologic findings of 8 week Oligopeptide group : (a) low magni
fication finding (b) Shape of graft material was smoothened due to reso

rption of graft material particles.
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(a)

(b)
Fig.15 Histologic findings of 8 week Oligopeptide group : (a) low magni

fication (b) Cuboidal osteoblast (yellow arrowhead) was found, which oc

curred when osteoblast was differentiated from mesenchymal stem cell.
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(a)

(b)
Fig.16 Histologic findings of 8 week ErhBMP-2 group : (a) low magnifica

tion (b) Haversian system(yellow arrowhead,l),Harversian Canal(red arro

whead,2),interstitial lamella(blue arrowhead,3) were found.
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(a)

(b)
Fig.17 Histologic findings of 8 week Oligopeptide group : (a) low magni

fication (b) Many osteoblast were found near newly formed bone.(yellow

arrowheads)
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(b)
Fig.18 Histologic findings of 8 week Oligopeptide group : (a) low magni

fication (b) Many osteoclast were found.
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V. 13

ol FRIAAE ol A A= HE-EZFE A o]E(B-Tricalcium phosphat
e, B-TCP)¢} @&}o] == AJo}u}lElo] E (hydroxyapatite,HA) A #o] &35 o)A
AMZA AEAFHT 5224 2 AN HEolA =2 AHE Hol= dxA4<l

= X L R

g Zol Aot ® o)A FolAAe AATAH AREAY 2 FAE
=L A
=

S 7R a1 9o FE A E(osteoblast) ] F-2HS A A st= 75
A7 AEAEHEA 2R =9 JEE dovl= 7les 7 AL A3
HEl-E g X Aol E(B-TCP)v= AA o] Hold JEo=ZA shol=
Jotes A&akAvt Yy w7
A ] |EZ Al olatElo]l E(HA) = Wlas] Qb
2 deA e, HE-EYZFE LA o] E(B-TCP) k= v 4

Gask oA BolHAl e

>
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T = A|otutElo] E(HA)7F A AL
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EZAjolutElo] E(HA) 7L 28 ZolAAle F7F HA &1 JEeke Ao
2 YEt. oA G Fold Al Be AHdE E5tal FE A S (ost
eogenetic potential)e] Aol XA THE 7HX=d FHLol= o]gfsh
olFAMAEE =olAAlY =8 TS JNAAATZIZ] HEl ofd diAS Hrte)

PN % k. w3 FgA dmE-2 (BMP-2)®,0steocalcin®,alkaline
phosphatase 22 &4 W74 duidyol A" 5 tpgst wyow o
S ZE ZolAAlY HHS AYste] =¥ T 7H’1\_5‘}Eﬂ% Al=7F 28

H AT
2k 9y S8EHE SREA A4 fFolsiths Ble
Q“‘ﬂr tho] o stAl FollA HAE A= Zlo] ko] It ”ﬁ”f%ﬂ%
S dsttE Aol JFHAed, ol a5 IAbe| wWol ¥ epigallo
catechm—S—gallate(EGC )2} polyphenol o F= 7|18k}, EGCG7F ZH-3h
52 A AL 2E R SUtE #Rlo] e Ao AAA=H, 9%
ZAbel ot HAe8 9 ave T A% gt d#Ao] dttal B
A, =22 9] polyphenol & 30~40% += catechin(=< flavonol)ol a3
&taL, =xbol] ¥ catechin® FA RS EGOG,ECG ¢} epicatechino]th.™
EGCGE] #Hg2 F AT #FHo] v}, EGCG += collagenase =2 gelatin
ase(MMP-2 ¢} MMP-9)e] A3 &S oA st , 3bZ A ¥E(osteoclast) 9] ap
optotic cell deathZ® f%=&to] 3}ZA]E(osteoclast) FAHS A F. P
ek, EGCGE FH e =4 ¥ (osteoclast)oll A apoptotic cell deathEd =3}
21 ] bone marrow °14e] IFA FE(osteoclast) FAT FHEFY %7
FA E(primary osteoblast)d] #A4E JAe= Aoz TP =&
P45t =AM E(osteoblast)?} &3t Al E(osteoclast)] Aol
3lE o]Fojof & Zo] FAHET. st 2E:MEE MEL 7] A (extra
elluar matrix)®] &5 A3t = S 7FA™, alkaline phosp
hatase(ALP) & AJAitsto] M E 714 e Fst&
sters & 7FEdlste] 57424 Q] phosphate &%=%&

5
FE ST, AP & dAdee vHE Awd =

=

K

FN ot BN

(@]

+ phosphate e
ARHEW ECREE
ALY 54 F s

=
24 AP § e ZIAL Bae] 2rAEE HFH,
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multipotent mesenchymal stem cello] FZZA|ELE E3}l% = HAH S Runt-rel
ated transcription factor-2(Runx2)® <& % runt-domain gene family®l]l 2]
3 =dETh. Runx2 « type [ ¥ type 119l F7F4] JEj7F 9l=dl, o] =2 N
-terminal ¥F Th231, Sa0S-2 MXEE 23 th9] osteoblast-like cell line
oAl Yebdt). 7]E9] EdAlA EGCGe] =AM o digk AgAd avE o
ToF7] 918l Sa0S-2 cell & °o]&3kgl=dl, o= Aol == A3 (human osteo
blast,HOB) = wlYst=dl 71 AJ7to] AQFa H|go] Ho] == WhH S30S5-27

|
osteosarcoma cell lined W3 o] w7]

> 715 SFAWE cell culture /‘*Oﬂ/ﬂ oA
A9l osteoblast-like phenotypes 7MA P2 ZIA|Eo EAF 7|5S A8
d £2 ®do] H7| dwiolth. 1 A3 EGCG7F F3hE aéxq(mlnerallzed

bone nodule)?] AL AatA FXste &3S Uede 48"
EGCG= ALP2] &4 & S7FAAA multipotent mesenchymal stem cell ©] =%
ALz Bae B4 2xsta A7 Paiy =A- PAd Qe F
Aow HATH Runx27} 238%™ multipotent mesenchymal stem cell©]
AEZ F38lslis T30l Aojwtt. ¥bd, transgenic miceolA] XA
M ES] Runx27F HEdtA B = A9, 2ZAEY A BolA
Aoyt B3 752 Hojxlth., =, Runx2v XA X319
ol = Z=AEe] 35 of AE S ARE, F7IEA oA
Mol s AAste &= Al o). EGCGE Runx2ehil 2S¢
Fotel = Ade] S TV, =, EGOGE Runx2 Thelz o]
ZEAMEY LS =731 bone matrixe] F3E S7HA|7) AL
T A oje}o] ZaFEEF EGCGol| #etAE B
A grjojgkrt. W, SxFEE A F gallate(gallic acid)
of tistod= Ao A
3

o OIN

=) ruH
e N
i

PN
ik
)
mlo _[}‘r F
2
QL

ol
20
£

fo & o 24 rfr B X 2 BNl ok
o )
e
L=} N
3
X

TH wE g 2 A 2716 54k ALl =9

Aol B adAQ TS otny] fs =44 LTS AAystEA galla
tesh EGOGS] =AM PP 5S Hlusts AP APstadd 1w 54 FmolA
gallate 7} @43 B 2SS dorleas SAsA Hda & AFPAA
&3sto] A5 YA Hh. S gallated

A48 1700 dhatel

% EGCG Al gallateE o]
o &
A ukol] Ql& ﬁﬁ“é%‘iﬂa] receptor 9}4 A Hofst
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THLS 93 =F3 ugiote] Huk. 15719 ofn|x=4to 2% BMP-2 mimicking
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Abstract

Effect of gallate—coated biphasic calcium phosphate

bone substitute on osteogenesis

No Je Park
Department of Dental Science

Graduate School, Yonsei University
(Directed by Prof. Moon-Kyu Chung,D.D.S.,Ph.D)

Biphasic calciumphosphate (BCP) bone substitute is one of the most
popular alloplastic material these days. BCP does have osteoconductive
characteristic only, not osteoinductive characteristic. To enhance osteo
genetic property of BCP, surface modification with various materials ha
s been tried. In this study the efficiency of 3 different modification mat
erials (gallate, oligopeptide and ErhBMP-2) for bone regeneration were
compared. The purpose of this study was to investigate the effects of
BCP bone substitute surface modification with gallate on osteogenetic f
unction of BCP when compared with Oligopeptide and ErhBMP-2

We compared the efficacy of bone regeneration of these 3 materials
in a well-documented animal model. The maxillary sinuses of 36 male
white rabbit were prepared bilaterally. The window of 6mm-diameter w
ere prepared with trephine bur. Surface modified BCP with oligopeptid
e, gallate and ErhBMP-2 was inserted into left maxillary sinuses and B
CP alone was inserted right sinuses as control. After a healing period
of 4,8 weeks sections of the augmented sinus and surrounding bone w
ere made. They were analyzed by micro-CT, with histometrical method

and observed histologically.
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According to the histometrical study,

1. In 4 week healing group, BCP coated with ErhBMP-2 showed more

new bone formation compared with control group.(p<0.05)

2. In 8 week healing group, BCP coated with oligopeptide, gallate show

ed more new bone formation compared with control group.(p<0.05)

3. BCP coated with gallate increased new bone formation between 4 w
eek and 8 week healing period.(p<0.05)

In conclusion, the surface modification of BCP with gallte was effect
ive in enhancing the osteogenetic potential of BCP within the limit of
this study.

Keywords : biphasic calcium phosphate,gallate,oligopeptide,ErhBMP-2, sur

face modification.
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