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Gelatin-Chondroitin-Hyaluronan Tri-copolymer Scaffold for

Dental Bud Tissue Engineering
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PR A TR E R FE N A ST & A BN T Rk s
- AT E e AT 2 B2 At BRI R pE S T dehf 2 P15 B
TSGR TR R R gk 1 eh L L BT 52 30 ml 1.5 % PC/ST (Penicillin
Istreptomycin)z. DMEM (Dulbecco’s modified eagle medium) # »* 4°C %15 o H & &
ad P 7 BL:@.E_.?T%‘z » 121X PBS (Phosphate buffer saline ) i i3z % {8 7 f3==
<immiar] B g 2§ 1.5% PCIST2 20 % FCS2. DMEM ¥ 37°C,5 % COg
oA 3EW i wmrrlct X107 o #3z R hk T me A P B-gcF R P
FRZEREPAEPRA-GF - FHeRi o/l ER FRERSHT
NETEERAR Y A TR R LT BB e/ 2E 10 O
?ARS HRE 25 QNS pER AL B ITES Y R TR FR T S HA
B o T Lmre st A Y chd B 4 24 2 36 ﬁux;uwfﬁﬁwzgﬁf; 9
WA KA ISR LR A Ry TR R )
R LS B iﬁ—*ﬁ 6 & % Bovadhy ‘E"%«fg e » % et 252 L 356
Gl rme /L o 3 ARSI F NI A EP R 0 A 3 AXkK
BARPNETFPFR -ZFELRSET IR KT EP T OE L B~ g
T L% 1x0.5%0.5 cm® 7 # gt o vzl - R AR E AT L7 ST A
- Rl NIEE L ema R EP R o pF e HBFH&ERZ I 7 A
Dentin/pulp-like complexz_ 7 # 4p i séf;f‘_ 138 > @ Goldner'sz o - B X 44 P
BETY cAF R AR R FRINEETPFIR HRERT & BRAPHZE N
RIS L AFTHEITY BRI fEh 2 s IR L4 HYT &:w.‘m’?e
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ELRE

Tooth lost due to periodontal disease, dental caries, trauma, or varieties of genetic
disorders continuing to affect human and animals adversely at some time in their lives.
A biological regenerated tooth could replace lost tooth, the new substituted tooth
would provide a vital alter-native to currently available clinical treatments. For this
purpose, we used a tissue engineering approach to research the tooth regeneration.
Using surgical operation to remove 1.5 month-old miniature pig molar tooth before
eruption and placedinto 30 mL of DMEM (Dulbecco’s modified eagle medium)+1.5
9% PC /ST (Penicillin/streptomycin) at 4°C. Dental bud tissues were washed by 1X in
PBS (Phosphate buffer saline) , minced into < 1 mm? pieces, and then cultured in
DMEM +1.5 % PC /ST + 20 % FCS at 37°C with 5 96 CO,. After 3 weeks cell
yielded 1 x 10’ cells, and seeded cells onto Gelatin-Chondroitin-Hyaluronan,



Tri-copolymer scaffold. Cultured for one week, dental stem cells were migrated into
and attached the scaffold. The cell/scaffold constructs were implanted in both
autograft into pig and xenograft into rabbit. In addition, a piece of little cell/scaffold
sample was fixed individually with 10 9¢ neutral formalin and 2.5 9%
glutaraldehyde, and then growing cells were demonstrated in scaffold by histological
section analysis and Environmental Scanning Electron Microscope (ESEM)
individually. In experimental groups: 6 pigs were implanted with cells/scaffold (C/S)
into original alveolus, rabbits were implanted with C/S into subcutaneous tissue near
the end costal cartilage. After growing in pigs and rabbits for 24 and 36 weeks, There
were regenerated growing teeth could found in 3 pigs by X ray examination,
especially a recognizable 1x0.5x0.5 cm® size tooth formed in swine alveolus bone by
evaluated with radiography, but the other 3 pigs were no found. In rabbit we did not
saw anything-like tooth in original implanted place. There was a tooth containing
dentin/pulp-like complex tooth structure was appeared by hematoxylin and eosin
staining in histological analysis. In control groups: removed molar tooth but did not
implanted cell/scaffold 6 pigs group and merely implanted scaffold 3 pigs group.
After growing for 24 and 36 weeks in pigs, no any regenerated tooth was grown in
original place. Our results demonstrated regeneration of tooth structures could
achieved by apply tissue engineering technique and suggested that dental stem cells
appearance in dental pulp tissues.

Keywords: dental bud cell, scaffold, tissue engineering, tooth regeneration
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7 # Ay dedn st v e b g kiRen? & f wre (Dental laminas cell) » 7
R me g s L Y i F T AT 2+ & (Epithelium) 2 B ¥
(Mesenchyma) 2 %k 2. & 4p 3 31 & @ % (Jernvall and Thesleff, 2000; Peters
and Balling, 1999; Sadler, 2003) - 7 # % v #HF > 7 & FEwwe L it 5 7 4
(Dental pulp) » @ + A& p & e B35 % & F (Dentin) eh = & F ‘w7
(Odontoblast) » * A #t f fm®e ) 7 f F* w7z (Ameloblast)i&a 35 = 7 H
(Enamel) » #<16 4 & fE 7]+ ed 4= 7 & i (Peters and Balling, 1999) - #
43%’5% EERaR IS AR IR s AT T T @

£ (Glasstone, 1967; Glasstone, 1936) = & A%pN 7 ez ¥ & 7 & 4

£ (Koyama et al., 2003; Mooney et al., 1996) - s { 2 1 f2chR gl 4
B g4 *"F‘;L‘ me et EiRAR RiE- S o rTJF-'?L“ miag aiPrrE o & @
2Z2EDXHFORR > PG el B B U ER IR S %
(Scaffold) it (Solchaga et al., 2001) - Young® + eh2 4 ¥ j2i 4 % 4
ﬂﬂ%%%iﬁ%@i“”ﬂ%”%%“*4ﬁﬁﬂ*?z(%Mmﬁ%wmh
1997; Duailibi et al., 2004) » #-7 # WP T shimre 2o r L % > L ¥4 B4
~# 4t (Duailibi et al., 2004, Young et al., 2002)» HZ&& v, =
LR

Stem cell (#xim®e) ~ ¥ i@yE (Singal )% % % 5 1L 2 ¥ gz LB EA
#_ (lohara et al., 2004) - 7 %&¢ 4= Progenltor/stem cell (2 == H/i%m
P2 )W 7B A it 355 Dentin w2 Odontoblast (Gronthos ez a/., 2002) -
Morphogens = Mw¥e ¢ ehim s gl » F 4 A frB EF oSBT & 254 5 2
(Nakashima and Reddi, 2003; Thesleff and Sharpe, 1997) - ¥ — > & tm*e e
AL TR AT A on e b AT AT L R e d
EZ R T A A BN O R B IO - L E o

pane fEF ena e 2 URA N2 LSRRI B 0T AT %
ﬁ%leet*fT”75*ﬁ%§% (Abukawa et a/., 2003; Miller et al., 2000) - ¥
mos 3 F A s AR R A fe }’*’7 -‘\;Ew;\ﬁ hh A B A AT 5
I #xraa, & Enamel ~ Dentin 2 7 # 4p B 222 (Duailibi et al., 2004; Young
et al., 2002) -
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TR LB AR B eI BB Ekw TR f R BT
%kaﬁ»#i’%QMJ#ﬁM“wﬂ—ﬁmaiﬁiﬁw%ﬁf%i%ﬁﬁ
TE LA UBRRRIEST KT R A AT RAEE S - L AR TSRS
P AFRLIFTPAEIT BRI ELTHL S o
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7@ A At b R h LR ok p A g R E e (Modino
and Sharpe, 2005; Nakashima and Reddi , 2003; Ohazama et a]., 2004 ) -
Pl ifed H S eho izt L2589 & K wie (Dental lamina) > iF » B 3 e 562
*# 7 Budrri s Higg- A T4t (Cap) 2 %48 (Bell)F¥ &
(Nakashima and Reddi , 2003) » Fl$E %7 & F L 0 F e 54 7 3% (Dental
papilla) » = F & it % 7 %2 7 & §# s (Odontoblast) o Bell F¥fx2
Odotoblasts #)=# & (Dentin) > @ 7 # B * w®s (Ameloblasts)?j= 7 # &
(Enamel) - 7 # % PR £ e v 52 T H FERF > ¢ 457 Jaie 2 W 1 % flent

2 % (Nakashima and Reddi, 2003) o &8 7 57, & @7 & prif R v iy
# #2 (Thesleff and Sharpe, 1997) - 2 F+F g A+ L 7 H Hwe 4 £
Pt T AR BN R EFERme Bk - =% (Changa et al.,
2003) o ~F & rie * cnd ZEHkd PR (Gelatin) ~ #t# % (Chondroitin) ~
HP O (Hyaluronan)= &€ B & ##7le = o P95 B4t imiz cnd £~ pLY 2 &
Finre B gk £ 848 P2 & % Proteoglycan f- Type 1I collagen : &5 &
faj B3t fe BA I T e X ¥ ¢ 323 &% (Changa et al., 2003) -
B AR R ABATE 0 G B AR 2 K e /A Fljiere 2 K 2
ERCEERS G U oy EEEhE 4 T R RGBT e (Nakashima et al.,
2005)c ¥ AehA ke g5 - s~ 2 k3R e BF (Zhang etal.,
2005) - FH 7 I RRBEAI A LT S S HDh L RMP 2 SR
7 & }Fmﬂ = Enamel ~ Dentin 2 7 # 4p B 22 (Duailibi et al., 2004;
Young et al., 2002, 2005) -

By

(= )7 wimPe s & o PLEged TEE LT ol B0 eh T ke o )

1 mm’ > £ %*v:“Dulbecco s modified eagle’ s medium (DMEM) (BIO T 043 » i&7#
® > USA)+1.5 %  Penicillin/streptomycin 100 100X (PC /ST) (BIO A 2213 >
i#iE® > USA)+ 20 % Fetal calf serum (FCS) (BIT 04-001-1A > i& % ® > USA)
[z wmre B Ix10°; (= Yimre fE o~ L2 BB R DT plmefE~ L ER
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ZRrRREOCIERER PN Z e BT A F R R LT ()
Wi T~ 24 2 36 F A MBRIGER T AL KA - ERBRE Y ER
FRFEIAFTHA T A EREF RS I ¢ 45 HEX Goldner s} 4 # -
m7 AT ET mAmelogenm% # B 4 7 HBone sialoprotein 7 #- | *
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PRt 350 FRZEREF L FO ] 5 IXIXLL O omz & & 4o Byt L 787

G“"\'J‘ﬁ:‘r*"/fﬁﬂéﬁﬁfz BRma s suiE L RERT - REKF T TEHER
B2 A LA AU EE AT (GREE 9051 ikt

i
TE'JE\I L))o 8~ et e r A ikt L 2/3 A& B4 3 gul i

. EjsE lﬁfﬁ

1.7 & 52 Frps -

FRAEZE G 8-12 -] Fts » MAtropine (Atropine sulfate’, Tai yu, Taiwan)

0.07-0.09 mg/Kg 7. m #rfledip s i 2 vRk Tl » 8 ARS8 A2 5~ 12
% A 5 #1 84Tiletamine frZolezepm1 1 238 &% (Zoletil » M5

F ARG I F > 2 ) 0.55-0.8 mg/Kg som 0 # o LAE T ERE R

;I%f&« o F¥EARHF {5 B %> Thiamylal (Citosol » 2 4R#74 ®WEFwm i>4 A2 7 >
¢ E=AR) 1.11-1.66 mg/kg 7. v. i FE FEF o TS G 4R :%Cephalosorin

(Cephazolin > & L 4 H iz A7 > ¢ FAR) 3 mg/Kg 7.m FF b = = Hiw

sz B iEiT

A ¥ 1.5 " ek inps L # 8§ % 8-12 ] p5{s » 12 Atropine sulfate” 0.07-0.09
my@jmwléﬁﬁami@Mﬁ@nﬁiﬁﬁﬁﬂ%*ﬁ%ﬁ”££2&
= o Frpsa B # i s7oletil 0.55-0.8 mg/Kg 7.m o @ 7R A TR
BB AR RS o R RSS2 A L RIS EE TR T PR AN 30 A &
120,06 sec ~ 46~50 kv ~ 150 mAi& {7 XK bt R PR F o FEil A pi 3 ol AP
¥ o # 5% Thiamylal 1.11-1.66 mg/kg 7. v. EIFA FpF o wr & FEpc(s
WA RN TR G (d K A SH IR EAN P 3 TRETIFN) &
TR~ e s £ ORBE A IR e ARG k[ 0 T ARG B IR
s #lLidocaine (ORA', Showa yakuhin kako co.,Ltd., Japan)2.0 mg/kgi #=
R od ApigF RS 2 TReG Mg I S S FIR A F E o
fon TR TS R EE AAFE OGS RS R B
%ﬂ&@ L7l #7 BT e 7 1.5 9 PC/ST2 DMEM® - #

foRApitiz B 2 0o 2 L FBITHETT o
+:@ BPEURPRFCEFI R ALY ey R&H R
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T R T S 2 wen F_j%\ﬁ— (- R AR VL S IO 0
C.7%wmre/Lt 2Efe » g8 i{s 524 % 362 0.06 sec~60~70 kv ~ 150 mA
B EFXk R IEE 7 &2 Ao HisuCitosol 47 EE BT &
LB BT HERTEFLEF - X R ARPAATT H L TE
A E T R BRI 10 %Y PSR E A 5 g e

® o

hY
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22 o
2. f + L TR FRRE
- P #p2 o d fo kL #4aK8-12 ) PFis o B ® & M Atropine sulfate
0.2-1mg/kg 7. m > Frflvdie o i & vRek Bl B LR B ARE & 5~ 9
2R AN o B U RERFHRESF T EHE 2L ketanine (Ketalar » =4k
g e @ o ¢ & ® )35 mg/kg # Xylazine(Chanzine', Chanelle
pharmaceuticals manufacturing Ltd., USA)i® & t& 5 mg/kg 7. m &7 Frf% ©
§ F £ e AR
A h R B iR T
A ed B9 Ade BEERRGS O AT T ANN I RREFHS o HiSiRES
Rl R BBEY SR e BEFIFT T ab R A HEE > 2 0.5
1O ARG L et f T oo ok TR AR 0 H R B 1S 0
MR r 7 rlme /L2 c HISHERA T2 A §FIT o
B.7 2wz /L 28 BB ~ad BFo ABER - 55242 363 &2 0.06 sec
44~45kv~150mA & {7 X kst P me T £ £F 7 2 £ o 2 {212 ketamine

4‘13\
iﬁ?oﬁiiﬁﬁﬁ’

35 mg/kg 2 & Xylazine b mg/kg 7. m%& > iEEEF
PeT R AgFTaep 0 10 Y607 AR BT R B e RE S 2iE 2 .
P - ES
1. ’3’94_%37”6'&‘“%“’% ﬁo"@l
% gz & AL SDMEM  BDMEM#S & 2 = = Fhp kiRt GRSk f5 0 Al o
DMEM® 4c » 3.7 g NaHCOs > 2. {8 £ PHRMPHE A/ 7.2-T. 4 o fic B % = {30
EFEELP 0. 22 umE R 2 T ER 0 B4~ 20% FCS

% 1.5% PC/ST -
2. Phosphate Buffered Saline (PBS)i% iz pefl :
- ez Ak ? 4o » NaHPOs 10.9 g ~ NaH:POs 3.2 g% NaCl 90 gir & 35
3 #PHEMPHRA L 7.2 »*PBSE 10 B)k& o @& * prou = = Z45-k 1:10
L 2 wPHER T 7.2 10 2 1 & PBSHER pﬂw REFWATCTVY o
3.2 mM Ethylene Diamietetraacetic Acid (EDTA) 2z PBS iz /pe® :
- a2 PBS¥ 4~ 0.5g2 EDTA» LA R & 12 SR FREF 3 4Cre o
4B SR T R, A AT & B
1LH B (RE10keg) 23k inp » B U*Ufﬁ‘i%s FETL A i3 o
HAPE I E o L P EEET o s dpenvad e 5 20ml 3 1.5 % PC/ST
2. DMEM # > &£ 5323 4C -



5.7 sz &g
T OARR 2 % B T0~T5 WiEpE S o E?ﬁ*i*’i‘? o m A FH R E L
T OEARY TR FRAETRE o BET 7 & w2 DMEME » & FDish? o &k
B AR 'JSectlona‘%J £ FAIF S Sgg o H SPipet-aidXt 1 ml Pipetes
Bl g wE (9 37°C) PBS/H R kit 7 #h sk b e ofrw B o 2 (5 1 #
Phosphate Buffered Saline (PBS):% i% 12 SeCtIOH“l»#L CEHERI DTSR
BOLF ARG 2 15— 2T ¥ - 2% g e 2tDisht BT e
ZATIC T dh MG o 4TI K F R 0 BT R RS & ATddish
¢ KT ’JL.‘-F_H/»\ N B ~’?7» I Culture dishp o B 15 #-7 92 %0 57 53
Fop lmm’e ] B E s Fer 10mle wiE (5 37C) 1.5 % PC/STH-20 %
FCSZDMEM » e~ £ 8> 37TC 5 % COZ R a7 5% - 5 3-4 % L #31
Fi— = EBEE we i iE 1x10-10"H o

6. 7 rimre EE E fwme it i
e 3k & X 3% 0 #-Culture dish p 32 %% 30 & FHk 17 5 0 2 Section %
¥ 4vr 1-2ml wig (937C) 7z 3 2mM EDTA 2 PBS *+33 & 7 %2072 Dish
PRI RT o REARAAL GRER dishe d *EDTA ¢ 2 Hwmre? mﬁ—@“
Foom 7 i hak L 4TS BT d Dish coating BEF ALFIET K oo
W 1-2 ~4815 & Dish ® 4c > 7 1.5 % PC/ST 4= 20 % FCS 2= DMEM & fgyﬁf
o 2 3R R RIGRARC B F Y o B B ¢ i U E B > B
H100ul fetp 2842 0.5 % Trypan blue iR & {8 F *t o 3R 3 Hcdd F >t R flc
HTEFH H i w2 1500 rop.om ~4CH S b A 4ERme e T
Joo H s R RRSET b~ AT A > 20 A4TH Y o

TRHEPRHF FEP TR ERESF L 2
#-0. 5g Gelatin (102K0059, Sigama Co., USA)powder ~ 0. 1g Chondroitin-6-
sulfate (C6S) (C4384-5G, Sigama, USA)powder F=0.5 mg Sodium
hyaluronate (HA) (WA18181 » Fluka > USA)4c » 7 mL = =X Z &g K g K et
(B R ¥35-40°C )48+ > m2 mL 1% 1-ethyl-3-(3-dimethylaminopropyl)
-carbodiimide (EDAC,PH 5-6)% i v » 3%/ ® & {7 < B o fR {5 #i3 R k>t
20C, 1P E#I-T0C, - P> 2188745 f 30 T2 PF o Bgpz £
2z 10 mL 0.2% EDAC (PH 5-6)i3 /% ¢ » 24/ PFig {7 % = & B o L

L EEFLFIET2IPFE TR 2 WE P REF FEP TR RS
PR w e T0~Th WFWE R F 0 L0 2 ) B oo i dmfe w L PRS-k
I UDBIFPE R K 0 fE s dmfe o L RPBSS gz 0 T R e o

8.7 rwmefi r P FUP TR ZERESF X
oo (s entmie M- K oens R Al Lo e 2 BT R 7&3 LB BER T
RiFmz 3t %P o Rigame 26 GHFRAFR B IREI AL
P o fErlmie i EREE NI A P R TR AR E G WMEEE
7z 1.5 % PC/ST4= 20 96FCSz DMEMz Spinner flasks® > 37°C » 5 % CO:

N



AP RE  KEEEBREEAL T0r.pn > R 5 R E=E AN
WA o fp > Mg A SO0 rpm A AEPEBEHL X o
CICRL SO
Mg T 7 d e 10% 7 HAES AR A P > B8 22, 5% v/
Formic acid (A0208003001, Acros, USA)f= 10% w/v Sodium citrate(6274H,
MP biomedicals, Inc., Taiwan)™4f » (5] (7t KSR 0L "8 & 38 o & 32
2 ey Al 4 uml T A oo R BB A 56 C e Y R 4 ] LY
#F T w7 @ £ Hematoxylin and eosin (H&E: Stevens et al., 1990);
frGoldner’ s % ¢ (Stevens et a/l., 1990) - ;”ﬁ“ﬂ H&EZ ¢ 7 27 & 22258 5
@ Goldner’ s#% ¢ # Pl ¥ #Dentin% = Fé¢ > A74) = Fhnamel A F % = = d »
m = 3 Enamel P| % = & ¢ (Duailibi et a/, 2004) -
10. B fe ki 8 447 e
LAk E 244 B 51 Vectastain ABC kit (& #uf <9 Amelogenin poly
clonal antibody) k&2 4~ 1 4235+ 2. 7 & = & > ¥ p|H Enamel p ¢
Amelogenin #_F 3 £ ; ¥ - 2 & Bl A& #] Dentin( % #<# > Dentin
sialoportein protein polyclonal antibody)® 43 ¢7Bone sialoportein
protein £ %~ 7 %23 (Young et al., 2002) -

(TR
-, 7w A& A
1.7 % bmre 2 %2 BB 2 355 1 7 hwmre 2 £ A fE L LA holl- o
¥y & eimie ™ > 2 0.5 9 Trypan blue#% ¢ &7 w23 8> H 12 % vhlm
P THEYIXIB L L A e E X TE A8 Wt o ek -

S

B- . 7 w55 (400X) -


http://jdr.iadrjournals.org/cgi/content/full/81/10/695?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&searchid=1034734239984_257&stored_search=&FIRSTINDEX=0&fdate=10/1/2002&journalcode=jdent#STEVENS-ETAL-1990
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- e T e WP 2 e 3 e F

Ear number cell numbers Cell
of swine viability
P129-2 % 4.1 x10° cell/ml 89.9 9%
P132-3 % 2.1 x10" cell/ml 92.3 %
P132-7% 1.3 x10" cell/ml 90.9 %
P133-17% 1.0 x10" cell/ml 89.6 %
P137-3 % 9.5 x10° cell/ml 83.5 %
P139-1 ¢ 1.0 x10" cell/ml 90.1 %
P153-2 % 1.1 x10" cell/ml 80.0 %
P161-17% 5.2 x10" cell/ml 80.6 %
P153-2 % 4.9 x10" cell/ml 90.0 %
2. kP Lk ZEY 4 R
597”?%@)‘ ,, E‘H&E-#'E? :@-,ng%é)\ké[g 5 AT %/&‘lf\%ﬁ—iw
s BRR e L 2ZE 10 %0 BARS FRE T H T H s Rl & R g
BT HE ¢ o d B= > 7 Llme Frig3t L 28 anifA) o

B. .39755’%@_)‘% ENRBFR R
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Bl = P9 # i 36
SoRpieis X kst mp -

P132-4 %
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7 X b SRR
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Fl-- .57 & (s it 36 i % &R
&7 X kAR .

12



P132-3 %

b.#%e: (1)FLET & E‘_F‘Hv > 7 Mf\ﬂ”?i‘s% = ilv?fﬁ

SRR TIED RS ! Bl - P07 & mmis 2 X kbt ik
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DEEENS R FX 3 ¥R S
e 7 X kAR -
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5. % P137-3% ~P133-1 8 ~P132-7T% ~P139-1% ~P132-3 %
“P129-28 o el St o ~m Lt FAKERT b
ﬁ\W\X%ﬁ%ﬁ%x’a3&1%ﬁ e Xk
E MBI AL R B v A PI32-30 ~
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= A §Fim?e (Adult stemcells)z % B s * ¥ 5 8 &7 ¥4 (Zhang
etal., 2005) izt fmPe & 357 ¥ 7 Bgiz o (Dental pulp stem cells; DPSCs)
fr¥ %A ¥ w72 (Bone marrow stromal cells; BMSCs)#%# AL » i {74 7 i%
* o e 7 #9352 (Gronthos et al., 2000, ; Masako er a/., 2003; Zhang
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Zhang et al., 2005) - Gronthos % * #F ¥ » 32 5 BMSCs clonogenic # #x
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+ (Kollar 1972, Lumsden 1988, Slavkin 1972, 1974, 1988, 1992, 1997,
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2001) » WA FwmehAs F 2 L e fiEr > HP A E B 2 L 7% 5 Bone
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