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Abstract

We assessed the osteogenic differentiation of bone marrow stromal cells (BMSCs) in

beta-tricalcium phosphate (B-TCP) blocks containing extracellar matrix (ECM) produced by

human alveolar bone periosteal cells (HABPCs) in osteogenic differentiation medium. HABPCs

were cultured in the blocks for 1 week (group 1) and 2 weeks (group 2). We then created p-TCP

blocks containing ECM by drying both groups of cells. BMSCs were cultured in both groups’

B-TCP blocks containing ECM for 2 weeks. In the control group, BMSCs were cultured in the

B-TCP blocks alone for 2 weeks. A significantly higher number of HABPCs was observed in

group 2 compared to group 1. HABPCs produced several bone matrix proteins, and these

positive reactions in group 2 were significantly higher than in group 1. Both test groups
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indicated a significantly higher number of BMSCs than the control group. BMSCs produced
osteopontin and osteocalcin, and these positive reactions were significantly higher in both test
groups compared to the control group. The numbers of osteocalcin-positive reactions were
higher in group 2 than in group 1. The osteogenic differentiation of BMSCs in the group 2

B-TCP blocks containing ECM was significantly higher compared to the other BMSCs.
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MRS Z DAL EDOIBERIC W ThRk % Z2flifast~ b Y » 7 R ZPEAT D, K ITH
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BE L EREL L 7B B R EE R iR AAE  (Bone marrow stromal cells : BMSCs) % 7=
Bk 4 IpF5E 03 Thhiu T %, Dexamethasone (Dex), B-glycerophosphate (B-GP) [dA%)
{LRIZEREHMIIL 2B e~ L b S, AN ) 74 A7 7 X —F (ALP) A4 AT
FHn e (0C) ORELESTEL@MENHLH W, Miller Hide HEEERIMLE
AR as R (osteogenic differentiation medium : ODM) TH:E L7- & Z AH M
fa~&fb Lz LA L 12, F72 0Ozono 5% 7 » MFENIZ b-FGF, 17p- estradiol & Dex
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AWFFENE, FE) B RS2 IR IR Bl SR U 7= By B FB 2 b G TAT o 7o, Fh A1
BRPMEZEEOEROL E (F192%F), 1 7+—LRFartr Maefie BT,
45 %72 & 53 5K D 4 NDEFE LV SN FHLE R @I Tl P RIBEZ 1TV, Al
H EICH HMEME 3 x 3mm BRI L7z, BRELL 72k A B & L, sk L7=%, Cell
culture slip (Thermanox Plastic : Nalge Nunc International, USA) (2 CHER 2 X 25 2
IR, BELIIREBEROEE Lc, Z20%, ML LIcEEA D bilEEL TE 72
Ml 2 HABPCs DRSS MIL & L, EERIZH L7z, K HABPCs 28 =2 7 /L |
(22 L7, 0.25% trypsin (= A A, HL) ICTRBEEL, ML % 1.8x10% cells/cm?
IZF#E L, 37°C, 5% CO; FIZ CTHEREEE AATWMEA L7, Ml RIRIL, a-minimum
essential medium (Gibco, USA) |Z 10% fatal calf serum (Thermo Trace, Australia), 0.25mM
@ L-ascorbic acid 2-phosphate (FnYt#fiE, KFk), 100units/mL penicillin (Gibco), 100pg/mL
streptomycin (Gibco), 3.5mg/mL D-glucose (FiJtHlizd) iUz Dz @Esi & L,
2 H R SR MIAZ# 24T - T2, JB@EEEHIZ 10nM O Dex (Fnytffidk), 10mM B-GP (Fit
MigE) ZWWML7=d D% ODM & LTEM LT,

F7o, RNER RN EBREEHIAE, 7 B#mO Fisher 2~ ~ b (F344, AA
JLVT, HOL) SV oL EZ—)L s Na (R7Z—/b, RAAREE, K)ol
FlF 51T L0 2R SH, KRIRE 2R %, mumo KERE OB L, 1mL O 5
a2 ERNE T U VBB A BRI L 7o, 2 D1%, BHEIC6 LT 10mL OE K CrilE S
B, AR 2 /ERL L 72, B BEMIIEIE 100-mm culture dish (Z#EFE L, 37°C, 5% CO»
TIZTA »Fa_X—2NT 3 HREEE L, 55 L7oFBiMieic, 4mL ORRE L 2
BNz 7=1%, WFpEfaZBRE L, (A MZ S OICEE Lz, 7 AR L7 b DO %)
X BMSCs & L7z, D%, A % 0.9x10% cells/em? | Z 7R3 LAk Z 21T o 72, 72
BRI~V VX ES H BT LT 70,
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) WIZ B-TCP &= A, WREFIK ZE TV U PHEERRIEIZL, A T L—H—
ICTCTIRE SEHZ LIck Y B-TCP NoXdZEREL, Mz ffE L7z, ZOWLEE 4
VI L=, D%, B-TCP 2 U YN LEY H L, 24-well culture dish |2 FfE



L, k7580 AnR oM@ 2 T LIRERE 21Ty, 37°C, 5% CO2 | CHEE AT
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LIk 02 FER S, FHF N Group 1, Group 2 DSt~ U v 7 &4 B-TCP
&L, FEBRICHER L,

4, FES~ FY v REFH B-TCP ~D BMSCs D#ERE

5x10° cells/mL (2% L 72 BMSCs Ol fufgiEik 1.5mL A it 7= L 72 U & TNIZ Group
13 X W Group 2 Dfifash~ N U w7 A& 4 B-TCP & A, Fijak i@ ) Al 2 #E L L 7=,
D%, s~ v U v 7 ZAEH B-TCP 22 U NN GED H L, 24-well culture dish
WCERIE L, @A HWT 2 It 2 i L, 2R EZITo b0 EENE
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ATV IR SR o K O i RO R 21T o 72 (n=4),

F 72, B-TCP NIZ BMSCs Z#5FH L, @HEEHIZ T 2 MR L2 b D% Control & L
TRBRICHLR 70, ik PrMmBEZ1To72 (n=4),
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HABPCs/p-TCP 5 X (U8 BMSCs/B-TCP-ECM % 4% A& E /X T /L L7 VT B RAKEE
W (FOEHEE) [ T8IFMEE L, £D®ANT 7 4 ez fTnI 7o b—AIZTRE
4~10 pm DY A ER U7, /ERL L7280 2% o L v (Fdeslisk) 35 20 100%, 95%,
90%, 80%, 70% =% /—/L (Feflide) ZMWTIERBL ST 7 ¢ » Z1T\V, HE B
AT T, Yetath, JRWMEE (BX-53, AV /A, HT) (2T HABPCs/B-TCP Tid
7a w7 L O /NLOBIE 21TV, BMSCs/B-TCP-ECM TlIEE D/NMLOBER AT -
776
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R FHIRR & RARICEI R 2 FL L, i NT 7 4 121 10%E% Y F 1My (normal
goat serum : NGS) (2 C7 a1 v % 7 %477, —IKPLIKIE, HABPCs/B-TCP (Zidhit b
ALP =7 A&/ 7 m—F/LHi{K (1/10 : R&D Systems, USA), Hit k Runx2 7 £ kiR
U 7 a—FLHik (1/50 : Abnova, USA) Hiit k Col-l =7 2% / 7 a—J Lk (1/50 :
BTy A I, &), Hie s OP 78y AU 7 v—F gk (1/1500 :
CHEMICON INTERNATIONAL, USA), it F OC 7 & v bR Y 7 a—F gk (1/25:
Abd serotec, USA) % H\>, BMSCs/B-TCP-ECM (213817 v b Ki-67 ~ 7 AFE /) 7 o —



F Ltk (1/50 : DakoCytomation, USA), #17 > k OP Z &> hAR U 7 m—F /bR

(1/200 : BIOSS, USA), #ii7 > k OC v AE / 7 m—F L4k (1/400 : Enzo Life
Sciences, USA) Z MV, 4°CIZT 1M G SH, IRPLIRIT Alexa fluor 488 ~ 7 & 19G
F LU Alexa fluor 488 7 &' K IgG  (Dako Cytomation) % FHU T, =EJRIZT 1 KA
Jh ST, BIEITEOEBAMEE (BH-2, AU o8&, W) RV, REO/NFLIZOW
TiTo7,

7. WERMFHURE

HABPCs/B-TCP (281} D%k, ALP, Col-l, Runx2, OP, OC ®pt:)s%s L
BMSCs/B-TCP-ECM (23 1) D #illa%k, Ki-67, OP, OC Dt idk 2 ¥k L, HiiRo
#eat>~ 7~ (Dr.SPSS 1111.0.1, SPSS, Hit) % H\V» HABPCs/B-TCP |22\ Tl Levene
test (2K DE D WMEDRIEZAT o T2%IT, % L WIS IZIE Student D t fiE %,
Ay BNV L A2V AT Aspin-Welch @ t #7E 21T\, BMSCs/B-TCP-ECM (25T
X —eECE Y #HT (analysis of variance : ANOVA) D2 Sheffe i E 217\, p<0.05
DEXHEEDY & LT,

S

1. MRRERIPT R
HABPCs/B-TCP {23\ T, Group 1%, FREIZIZZE < O HABPCs OENEL &7
D3, EREBD /LN TR/ IMLEEREIC O DT IR L T\, —J7, Group 2 Tl
Group 12kt U CHRE D /INMLN 2RI HABPCs A BIZ % < i LT\ = (Table 1,
Fig. 1A, B).
BMSCs/B-TCP-ECM {233\ T, Control & kb L C Group 1 3 X 0¥ Group 2 THEIZE
< ORIFEAS B-TCP FJBD/NLNICHE L TH Y, £72 Group 1 & it LT Group 2 TH
BlZ% 0 o7 (Table 2, Fig. 2A-C).

2, FIEHEBFHORE

HABPCs/B-TCP CTi ALP, Col-I, Runx2, OP, OC D4 T OIS IZISVT Group 1
& HEE LT Group 2 IZ THEICZ <O bz (Table 1, Fig. 1C- L),

BMSCs/B-TCP-ECM Tl Ki-67 [543 Group 1, Group 2 (2330 C Control & bhifg
LTHEILZ@ED BN,
OP 1 LT OC DBt 1E Group 1, Group 2 123 T Control & e L THEICZ < 32
b5, £72 Group 2 Tik Group 1 & tbi L THEICE < Bl 51 7- (Table 2, Fig. 2D- L),

£ %



Alal, Fex TR~ N Y v 7 ZAEER LT2H LOEBHEAM O3 Z BRY & LT, ODM
ZRAWTER L-Milst~ NV v 7 AEH B-TCP 28 BMSCs 125 2 DB Mm% L,
BMSCs O'FHifa~D b AR S5 2 & aRm LT,

BREAE O AT H 2 BRI E M2 ORISR L T D, B
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L LCPB-TCP ZR L7,

Hasegawa 51X U & P& W 7ED & S B-TCP NERIZZ RISl A I TE %
EHIE L, BaITFEDOFEESE LEH L7z, HABPCs/B-TCP @ Group 1 Ti& B-TCP
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Z OFEAIE Group 1 & Fefg LT Group 2 THEIZZ S BlOITZ, £72, Runx2 O
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HERE~D I3 L DRI I TR @ < 23, Sk oI Wi imllc @ | £z,
Runx2 X Col-1, OP, ‘B> 7 X /X7, OCREDFEE Y LRI EORBZFE L
TN D, 24252621 3 2 13 B-TCP PNIZC HABPCs 23/ L 7= Runx2 7%, BMSCs D 2
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BMSCs/pB-TCP-ECM (23 T B-TCP WN#HRIZ BMSCs 23MHE L TR Y, fMinksii~—7b
—Td 5 Ki-67 OIEENBL O Z L bffiflast~ NV v 7 Z54H B-TCP 1%, BMSCs
W A IS EMEAME <, NERIC BMSCs 2MR2 A, (I, BGET 5 Z L AVRE T,

B ML E O LB K o Thk & R RAEIR T2 8Bl 5, TR b HATE M
FlZFB W TIE Col-l & ALP %, REVEFMAUZIBWTIZOP L HF T r& "I %, %
U CRGAE ZEAIR TlE OC OFELNEL B 5 9282930 F 5T, FHx (X OP, OC DFHL
BT HZLI2L Y, BMSCs OFFMIA~DOGLRRELZBET LN TELLEH
212 AlEl, #lask~ R YU v 7 2EH B-TCP NERIZE VT BMSCs DFEA L7= OP B &



O OC DRSO Z & vD, BMSCs A3 AREVE 2RI Al BVE 2RI 4y
fELTWB EBZ BT,

MifEsh~ ~ U 7 2 XHIBE R OB SRl ~D b 2 E T 5, £72, BMSCs
320 biEZ B LTV 5, Tz Fkxidfiast~ vY v 7 258 B-TCP OF5ERE
ZRHii 95 212 BMSCs & 7 v v 7 WIZHkFE L7, 4[al, Control & Hlgg LT Group 1 &
Group 2 DJ5 % OP, OC DRGSR A EIZZL < BlH 4, £72 Group 1 & EL#: LT Group
2ICBWTHEICEZLLRBO LN, 6D Z L0 5,0DM % U TE:# L 72 HABPCs
HkOMifash~ U v 7 253 BMSCs OB A ~D b 2R E S D Z & 3R S 4,
BMSCs O fbidfifiast~ U v 7 ZANL S EA STV D Group 2 TEVEHTH -
72

fhsm & LC, p-TCP NIZ T ODM % AW THs#& L7= HABPCs 13 B A ICE £ h 24
S~ b U v AEEAL, TNEEREIEMENA,~ Y v 7 2EF B-TCP X BMSCs
DFFMAE~D b ZRE ST D Z &R I N7,

1%, HEAREY AV in vivo DAFZEIZEBWT, Miflast~ Y v 7 Z5H B-TCP
N E ORI ELE RIETONERGTOMLENSD LB XD,
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Figure legends

Figure 1. H&E stain images of the HABPCs/B-TCP blocks from group 1 (A) and group 2 (B).
Significantly higher numbers of cells extended into the pores at the core of group 2.
Immunohistochemical staining showing the expression of ALP (C), Col-1 (E), Runx2 (G), OP (1),
and OC (K) in group 1 and ALP (D), Col-I (F), Runx2 (H), OP (J), and OC (L) in group 2 of the
HABPCs/B-TCP blocks. In group 2, all of the positive reactions were significantly higher
compared to group 1. (A-L: original magnification x200, scale bar = 50 um)

Figure 2. H&E stain images of the BMSCs/B-TCP-ECM blocks from the control group (A),
group 1 (B), and group 2 (C). Significantly higher numbers of cells extended into the core in the
group 1 and group 2 blocks compared to the control group. Immunohistochemical staining
showing the expression of Ki-67 (D), OP (G), and OC (J) in the control group, Ki-67 (E), OP
(H), and OC (K) in group 1, and Ki-67 (F), OP (I), and OC (L) in group 2 of the
BMSCs/B-TCP-ECM blocks. In group 1, a significantly higher number of positive reactions of
Ki-67 showed in the pores compared to the control group. In both group 1 and group 2, a
significantly higher number of OP-positive reactions were observed in the pores compared to
the control group. In group 1, a significantly higher number of positive reactions of OC showed
in the pores compared to the control group. In group 2, a significantly higher number of
OC-positive reactions were seen in the pores compared to group 1 and the control group. (A-L:
original magnification x200, scale bar = 50 um).
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Table 1. HABPCs/B-TCP blocks analysis

Group 1 Group 2
Number of cells 23.3%5.1 112.5+41.8™
ALP 11.4+£0.9 23.1+4.2
Col-I 14725 27.4 +35™
Runx2 18.8 4.2 31L.7+1.7™
OP 26.6 £3.2 41.4+4.9™
ocC 13.6£1.7 26.9 + 2.4™

Results are mean + SD.

*p <0.05 compared to the Group 1.
T p <0.01 compared to the Group 1.
} Student t-test.

§ Aspin-Welch t-test.

Table 2. BMSCs/B-TCP-ECM blocks analysis

Control Group 1 Group 2
Number of cells 30.3+7.0 77.0 + 16.8" 101.1 + 6.4
Ki-67 11.8+23 23.4+3.7" 25.1+2.9"
OP 94+24 23.0+4.7" 46.0 + 4.0
oC 9.7+£13 22.4+28" 42.7+7.3"

Results are mean + SD.

* p <0.05 compared to the Control.
T p <0.01 compared to the Control.
t p <0.05 compared to the Group 1.
8 p <0.01 compared to the Group 1.
I ANOVA and Sheffe method.

15



