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With the goal to establish new tissue regenerative therapy for extensive regeneration
of destroyed periodontal tissues accompanying vertical or horizontal bone defects due
to severe periodontitis, The aim of this study was to evaluate the kinetics of bone
marrow—derived mesenchymal stem cells cultured in a FGF-collagen complex as a
regenerative scaffold in vitro. Bone marrow—derived mesenchymal stem cells showed good
growth in the collagen gel culture. The effect of FGF in promoting cell growth is exhibited
at the early stage of culture, and the ALP activity has already passed the peak when assayed
at 14 days of culture at FGF concentrations of 10 ng/ml. The ALP activity showed in the
presence of phosphophoryn in a dose—dependent manner at 14 days of culture. A marked
difference in calcium content was not observed. The present study sheds light on the
development of an optimal biomaterial that forms the basis of calcified hard tissue
formation, suggesting the feasibility of applying the 3-D collagen gel cell culture system
for the construction of a scaffold that controls the amount of regenerating tissue

AT TE B
(BHEHAL - 1)
B REES a @

2009 4F i 1, 500, 193 450, 000 1,950, 193
2010 4F i 1, 000, 102 300, 000 1, 300, 102
2011 4% 1, 000, 000 300, 000 1, 300, 000

GRS

AERE
R 3, 500, 295 1, 050, 000 4, 550, 295

WFZesy ey« [E s

P o453 - #1H -

FoU—

PR - B SRR R B

RS - AR




1. WFFEBRsE S WO 5

BUE, 17030 T 5 8 LR A TR I
FANREE - AT A 2 NMEIZ XD E R
O WM HEEEATREICT D ES
(scaffold) DFEEIZHEFIMER B D728, K-
PEE KR % & o L 70 ol R LR PR AR & B
4. BeEPOEEED S OEATRFREOE
253107 L TN WO BB TH 5,
AT DOEA a7 MiE, LLTFIOR
7,
(1) T4 R D =TT D 7= 6> D
TEHE M2 (scaffold) & LT, AIRILFEENE
WEHTHHRARKY L ERERMNE R
TaT—Fr OB RERLET S,

(2) i ) HELRE 2 A A3 2 AR D = Wk STl &
24T 9 T2 O OFMIEHEGE & FEH 55 bFGF % )&
HLERARKY v/ aT—F U EEEAAE
IRFEMZIEHT 5,

i) B BEM R AR R 2 R 5 A K
(LFFEMEE SRR AR L, 2
OMEEMED BB L WAL A =% & B
7,

2. RO BEK

HJEHE R & o CTHRER - KR E KR
ZPE D BEEE ST v R LR 0 IS E P 22 B A
Z B3 th B ARk 2 N D T
DT, Brigho 27— 72 =k vV E R
HE AR RS 32 R FOF B L VR AR A U o
Z I AT B AR E AR 2B L,
AEERIZEB T 25 HMIE RS MO RE
Ze MR A W R RO BRAT s B A4 L. B REREIIE R
R I 5 28 R & R 3 5 8 L WO R R S
P AR ARFE M OB ZEZ 1TV, 2D
BERICH ~DO A REME 2RI 2 2L THh 5,
KWFFETIL, 2T —7 7 3 RocHliaks
BIZBITDAHRARKY VOEBIZONTH
MNEITo T,

3. WO HIk

(1) ¥H
O#ERmE

basic FGF (LLF FGF; FBIFRIZKEN, Lot. No.
80HCC) Jiiik (10 mg/mL) % Z&EH7KIZ T, 100,
1000, 10000 {275 L CHIGHEE I 0.1 v/v%
WU 7= G&EREE - 100, 10 B X1 ng/mL),
ARARKY » (LLTF PH). ZEH CHR%
T —E UTHER L7, (REEE,
100, 10 B L1 ug/mL)
Off Al
~ U A EHiAlEEEY Y N (R T7 A~V —
F /L : Lot. No. HF3B-1; BMC02)) Z v 7=,
@ff s

1) PR . ~ 7 AR SR AT
4 TD UFAT AL T T4~V —%
JL Lot. No. 080627) % N, FX¥H A4

Z107M, BZVEuarRA7 A % 1 nM,
EBHIZATF 4 7 AT bEGF (BHFSLER) % 10
ng/mL AN L CHIREEE L & LT,

i) s bEEH BRI A T 4 T AT
XY AV (Dexamethasone, minimum 98%
HPLC : SIGMA) 100 nM., B Z Utktnwm U &

( B-GLYCEROPHOSPHATE Disodium Salt
Hydrate : SIGMA) % 1mM, 7 22 /LB %
172.7 uM (50 wg/ml) HML7=H D%
Bemn b Uiz,

@DNA D& &

DNA EEFx v b (BR7FA4 <~V —Ek/L: Lot
No. HDP) ZfEF L7z,

@BV ABEOER

HIL T B E-T A MU a— (FGHisk T3
(#F : 437-58201) A L7-,
OALP 1EMHE D HIE

TRT vl A ALP (Fn sk T2M -
291-58601) ZfHf L7z,

D7 B -GNy

i) L-7Aa)E @) VB AT IV~ T
VUL n KT (Pt T2ERN : Lot
No. LTH7700)

ii ) Dexamethasone, minimum 98% HPLC

(SIGMA : Lot No. 096K1805)

iii) B -GLYCEROPHOSPHATE Disodium Salt
Hydrate (SIGMA : Lot No.85H5718)

iv) =5 —4 ¥R (KOKEN CELLGEN fii:
ik 1-PC : Lot. No. 118064)

(2) ZWwoea o —7 v 7V HiluRE 2
O & AR

Bads Q4RNTL—RM) IZHon LD 0.25
nl D37 =T NVEERL, SBIZvw T A
B REA I 2 AR B 1. 0X 10° cells/well %
Giea T — U P NYRIE 0.25 mL ZEE LT
2 ErEE L L, 1 KRR 5 %C0,, 37°CD
A FaX=FNTHT LT HE THEL
T AL ZHERR LT 1%, HEFRET 2 37°CITiR
®HTO0.5 mL FTOFFMNITEI L 7=,
Q¥R F 1k

~ U APMCE BRI 7 B R s T
TR T o 1o, TG &E% (BEE% T H
H) IZARARSBHAY % 0, 1, 10, 100 ug/mL
WAL U AL ES HI T AR H U T, ESHIAS
1A 2 [ OB TITV, 5538 B & A1
L7278 HH BRI E 2 BLE IR B I U 7287
e LB H S AZHR L T,

B AHA B iX, BRI 2B L7-f&IcH L
WEEHIZ N %, Ow, 1w, 2w (H#&H) 1% PBS

(=) T 2 [mIpEyE L., MRRfE &L, B
B2 1T > T8 (12, 000 rpm, 4°C,
5 45 L. EiE0.5 mL) 226 ALP BE O
DNA A E&. TREXIZ 0.2N HC1 % 0.3 ml Nz
TCa DEBEEIT-T2,

OFHH &&=
[RIY U 7 e 2 8 5 e fe e (30 RDfH) L



Ay EE (10,000 rpm, 4°C, 5 43[) (2T
EiEAEEI Lz, BN L7z EYE, ALP 15M
HEZ ¥ v FOBIRGAEICHE > TiTR -
72o F7-, I 0.2N @ HC1 300 pL &Zh0z
By T 47 L, Ca JRERIE N O DNA O E
BE2i1/2o7,
@ reE g2

LM T O REBIZIL, HBRYERINA
OW; 358 7 H)2o6 1B (W 53% 14 H) B
FO2#HE Qw ;K& 21 H) II5EREE
17,

4. WRIEEE

(1) DNA &

RAKRBY 2 PHIO w g LLTFOUSHI 1 #H36 &
V2 HE TORKBERICBNT, 2 br—
BRI L CREREEZRD R -T2,
PH100 g ¥RANRE (H53% 2 ) Tid, flifEE b
B L TR 22D AE 7 DNA B0 AR 1=
(1),

DNACug/well)

[ 1. DNA & bl

(2) ALP i

B 1, 2381280 5 ALP &ML, R A
ARAE Y U 10ng % B — 7 IO K TT
MA2FRD, 100ng FETIEIH SNz, Flzd
ZRARY I OEEEE 2 B ALP JEMEIT.
RIEERECRAE 1 L LT, ALP &M
KFLZ(X2),

ALP(nmol/uL/ugDNA)}

0.20 ﬁ

PHE) [}
PH(100ug) [}

PHE-)

PHE)

PH(1 ug)

Ow 1w 2w

PH(1 ug)
PH(10 ug)
PH(10 ug)

PH(100 ug)

PH(1 ug)
PH(10ug)
PH(100 ug)

X 2. ALP {EMEDOSBEM O Lk
(3) Caups
RARBY VRINEEE 1 Bk, FIREOR
IZBWT Ca &%, =2 he—ABE L EN
EE/R LU, B 2BE T, AARKY VIR
N Ing BE. 10ng BE1E, =2 b o — LEERIERIC
EVMBEA R L7223, 100ng BElZ=y hr—L

FEL I LT, ARICIEWMEZ R L (M3),

Calug/ugDNA)

200
180
160
140
120
100
80
60
40
20

PH(100 ug)
PH(100 ug)

Ow Tw 2w

X 3. Ca BOKFERM D

(4) JERESIZS
OFRARAY RINEEE 1

RARARY CIRNEEE 1B IZBNT, &
BEERMEEL, v b — B L il LT,
IRERIF 72 A2 (X4),
@R ARKRY EINEESE 3
BHE2BEIZBWTERARRY VNE
FERE L 2> b — LREICIEE 2R 2 R IT R
HDHNT, WO T THIREED [ EE

PH(-)
PH(1 ug)
PH(10ug) &
PH(100 ug) &
2w(t%21a H)
K 4. RAKRKY CWRMEEE 1 HBI O 28
(5) &%

N & o CHRER - KR KR
YD L R ST vl JE KRR 0O A EL PR 72 PR
ZHIEEL 3D, B LU RS AR R A
WENLT D721, B HFER RS R %
s F 3 % S KRR REL R 5 B M 4 A TR AR R R
M OB EIT > T2,

FGF/ARARKRY Y sNaZ—57 v 3k
VRS R IR W T, B Bl R S R e e 1 X
+oy e A R L, 3 ot T — 4 VRS
FRIL, ARG AEEZ G5 2 &
N ATRE 72 AR B B scaffold THDH Z &
R E NI,

35— 3RTT VAT BT D FGF/ 7R AR
AU CERINEEEEREO DNA #1%, = b —)L
FEL ZITRO LT, BRI IEREHE O
TR T Z L NARETH o T2, FRIC
ARAKRAY » 100ng IINEEERED 2 T
DNA EDHENINAFED B, FMBHEFE MBI
AT Z LR ENT,

a7 —4 2 3IRIE VN OB B TR SR B
Mo ALP &R, R ARARY U8RI 10ng %



v — 7 IZEF R ERIFIE A FE D, 100ng #ET
I ST, BEEE 2 Mo ALP VEMEIL. A
JERECREEE | & B LT, ALP {EMEIZIR T
BRLIEZEMND, RAKRRY LRI
Bl =R T 7 VNI BT 5 4 JRALAE )
DR 7 T A BRENHEEIND D
DEEZ BN,

RGO AIRILEEE L ToO v = VNI
BIF5D Ca EiX, FAAKRKFY LEENESE 2 H
WZBWT, BRAKRKY U0 Ing BE, 10ng B
X3 b — VRERAR O @M Z 7R L7223,
100ng BElZ= s ho— A BEL G L THEIC
EVMEZ R LT, £ 2 WO E T, A AR
A Y EIN 100ng BED APL VEER LT Ca &
I & e L CHEITEVWME TH - 7223,
DNA EiFXEVMEZ R L, 138 2 Bz W Th
HH ARG E DS EFE AT AT D T & MR
SNTm, B TIX, BARKE Y OHIfEEE
N B THBIZOWTHo R ERNEDS
NTELT, 5%ITAKIHEMEZHET D
U UBBEMRIRE LTORAREY O
a2 IOITBEETLHTETH D,

AWFFEIZ I T, A PRACRIAR R A 2 Ol
HAERRE L T 5B ERSRMEa T — 7
AL 3 RITEERR IZB T, A & B R
T HRpMESE R R 7 (FGF), 72 b TNTH
JRALFFEEMEZ R T 5 U U EMRIR S L
TORARKY U EIGHTHZ LT, @ER
] LA A 3 & 2 s 7l A I N A
PE S B JE %3 D R AR TR R R
BB HIFF T 5. B LWV LRRS E
AT D AKRFEM OB T R %
BHZEnTER,

5. E7pSEIGm L.
(WFFEFRAE . WHIEor 3 M OV 724 12
ES 7Y

UdEssamsc) GG 2 )

O AeArERE, RS, BEIEEE . IR
ot ERaFnEl, BNZER, Iim T, /b
FHHEE . FURmE— GHRA— F)IFERE,
B @ AL FHILIAE, BPOe
B, EAERIE, mARIERE, SEEER, K
HERZ, BEH G, BB IE, B s i
e b, R ER BPOfntT, AR
B0, A b, o E SRR 6T DT
GF-242 5 DR W Rt X OVZ a2 DO Rk
At B HRERS. AP 541 38-45, 2012

@ Kitamura M, Akamatsu M, Machigashira
M, Hara Y, Sakagami R, Hirofuji T, Ha
machi T, Maeda K, Yokota M, Kido J, N
agata T, Kurihara H, Takashiba S, Sibut
ani T, Fukuda M, Noguchi T, Yamazaki
K, Yoshie H, Ioroi K, Arai T, Nakagawa
T, Ito K, Oda S, Izumi Y, Ogata Y, Ya
mada S, Shimauchi H, Kunimatsu K, K

awanami M, Fujii T, Furuichi Y, Furuuc
hi T, Sasano T, Imai E, Omae M, Yama
da S, Watanuki M, Murakami FGF-2 sti
mulates periodontal regeneration: results
of multicenter randomized clinical trial.
J Dent Res. #5tA 90(1) 35-40, 2011.

(Fa¥EER] GE 3 1)

@D T.Fujii, T.Saito, A.Yamaguchi, K.Shimizu,
T.Taira. Study on novel tissue regenerative
therapy using bone marrow-derived
mesenchymal stem cells and FGF/collagen
complex.. The 34 Joint Meeting of ECTS &
IBMS. 7 May, 2011. Athens, Greece.

@ T.Fujii, Y.Terada, M.Akamatsu, M.
Watanuki- Periodontal Tissue Regeneration
by the Application of FGF-2 in Patients.
37t European Symposium on Calcified
Tissues. 21 June, 2010. Glasgow, Scotland.

® T.Fujii, Y.Terada, Y.Konishi, H.Tsuiji,
J.Sato, Periodontal Tissue Regeneration by
the Application of FGF-2 in Periodontitis
Patients. Europerio 6. 4 June 2009.
Stockholm, Sweden.

6. HFITHER

(D) AFTEf s

B % (FUJII TAKEO)

(AN N T o L )R o
WMoeEFK S : 30173389

)

R ¥

b=d

(2) W7

e st (SAITO TAKASHI)
AEHRE R KT - T - %
MoeEFK S : 40265070

7 i (ABIKO YOSHIHIRO)
BB EFE KT« wFEE - Hdz
s =:90260819

7ERE 1E A (SAITO MASATO)
HEE EIR KT - HES - Hi%
W7eE#&=:50337036



