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E #

v 4 FEEERGHEFME (BRI g RIS
A, BIEEERICRE TR OB SR
AL, £, BEMRICET HIBEMA 5 &IERIB
BriclE LTS0S OV RAA T/REN 2 KE MM
FANRE DAL L 72o —F, HEEMRHEIME
KT (bFGF) 2ENe 3 &, AR & Ekk
122780 DIV AH ML 72 o F 7, ES|RIE
& O BEMIObFGFEAMSHEMI NI I Eh 5,
B AR O BB AR B O AR 1 IR IR
ik 5 FEME D autocrine paracrine &
bFGFELEHSEEE L TV 2 a N RB I iz, —
%, B¥MEITIEProtein Kinase C (PKC) %At
L7z, MBEABBREREOsEESREEELC TV S
TEDBHONTVWS, PKCIEMALAITH 512-0-tet-
radecanoylphorbol-13acetatate (TPA) % & &
ficime 2 & MRAREOEAGELE S 055,
PKCOEMMER TH % 1-(5-isoquinolinesulfonyl)
-2-methylpiperazine (H-7) O FicE B
BRI ES R 5 & HRAREEA ST S s
Tbb, EREIEEMABEANPKCOEELEZ AN
L THREHMBEARE OEA £ L TV 2 A REHD
HoMEE -1, Rbd S, BitRERIcs VTR
AR S, BRI OB AN R E OEA Z{E
#9435k ONRERBLORBUICERS&E %
HLTWBIEMHSH L -7,

#

I

B A RB e 2 B OB & T IRE TR & £k
SN EHE(L AR ET B, ToRS TS F g
VYA M A4 vHBEVIRELBRERTSZOBE
ZEIEILTWBY, oML KERERTREHIRICE
RENBIMEICE B IM/MReMBKEERD 5V iIdE
B S FH S N 3R LREERMRES, Skt h 5,
FoBREIC b EL ORERFAERI N TED, KA
BHlgc & v BB B LW TER LI B,

Z OB ORBEREFIH T 2 AEMFHIRF OEL
BXUBHBIT LTIk BRIESEEI TV,
BRI RE BB OIBEOBICRMA RO ESK
BERAEEESEZEY V0, HITAHAREEIC K
DECZ2RERGHUISEHERTESE L L
5970, BT A ERERIBASERTIC B A
O OM/NREAZL S ¥ 2 AREHSH 5, £D
R, BEARIBOE S OAEENRIEEN LT,
B OBERLS 52 WIREH®IRE OB 2 RED
BVWET 5 EEZ SN B,

D& ICERRIBO TR REER B L TV
BTENHOMTH B, FOFML A b= 4B
LToHE DIV D, I TE5EKL ZEIHE
BRECRETEENEEERTIEHAT, v ¥FE
MR R VT, REMHMRARE B X CHEENRE
FimraEsER T (basic fibroblast growth factor
: bFGF) OEAIKIITHEBIFBOLEII> VT
Bt U, £/, BT REHEARIEIC X b g
A Protein kinase C (PKC) MiE#ibsh, 4

Key Words : BEMAL, BEOTIE, NKREEEL, EESEEEFNREMERT, Protein Kinase C.
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DEMFRIRIEERT C EBBEIATVWEY, ZC
T, BWMHIRIBIC X 2 BEEROE LIcBEd 5 4k
NIRRERE LR T 2 HNT, 12 2Nt
EBBOV L > THZPKCOBMMNTIEIC L 25
fEMR DTEMALIC B 2HREIC> VW TRET LT,
D -
1. ¥YaEhEF VvOBRFITICE T 5 bFGF ORAE
DRFHR

FIERER 1T, Bone morphogenetic proteins
(BMP), M/MEERBEERT (PDGF) ® bFGF
DWERLEEEZHE LTS, T BFGF 3ERE
ZRE Lo L LTERBEFRICKBICEEL, BiTsR
BREOBPLHBEREE R ITHRERTOV EH5TH
5 1)*2)0

TIT, 279 - VBB 2GMBETIcY A
2y —-%7v+ (EERHN0g) OREEFEFHICE
fraeBire s VEER L, bFGF OBHEICEH
FEREERA L, BETHER, 9 b Ex Y
75— VRERSICX D REFH S ¥, BIREESUR
BERH L7, BYRERORMBAZEN D BRX10%
R LY Y EAOTEER, 20%EDTA i TB
KUtz BOoNIEBERE Y5 7 4 vAEK, 6 uMic
U LEGTIR 2R L, SOV 2 HERE S &
UYL bFGF $ifk (Promega, Madison, WC) %M
W RERE LTV, KEFERETICS v VREEH
icB 1 5 bFGF OREERE L1,

2. BEMRaOREE

BT T 2 BRMTHIEM OB AR 2 BT,
BHERERIC B W TEE SRS 2 U 2 BEmia 4
IEEEEL, BERBEMA 2, ERICAVW - BE
ik, BBBEARR (BE: H3000g) O0BELY
O’Driscoll & DAEEICHE U THRILL 7%,

KRBT ORINRALIALER & » HEE R L 7= B
D canbium layer % 2 mmf <A, ARKIA RiC
TEBEMT 75 27 v 7 8& (Corning, N.Y.) i
BE XY, 10% fetal calf serum (BIOWHITTAKER
Inc., Walkersville, ML) 8L UL- 74 ¥ 3 v 34
& a modification of eagles medium (a-MEM
P RBASED) 2HVCHERE L, BEROBRIC
BWT, IO canbium layer X V¥, ML TX
T BN OMIEE HEHE L7, T OPREEMmITHS
IVITNIT Y MTET SR 2 BRI, )T
Bick Y BEERMEREERL, 1Mas5-ryTa-
T4v7Llkbem’ O Well 6 HET AR S L~ b
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B 1. Flexercell strain unit DR

FLEX IEg7L—-tRu#EME2E4 3 EH
Rb, BEZMZ 22 &ick v ERHSZEL,
EEL TV AMRICES I AREMF B ENT
%%, FBIE i Flexercell strain unit i2& 9
avEa—-y-ffEhTEY, £EOLKHT

MR ES BRI AT A LN TR S,

(FLEX I /1 : FLEXCELL INTERNATIONAL
CORP.) (K1) i2.5X10°@4 >R L 1-c FLEX
IR V- 3REEET 2ERERS, BKO
EROARry PRIREL, BEEMF 5 ETE
HPEE LEEL TV 2l Es I AfErF 5T &
BTE D, MRSEE T 24805/1%, FBANZED | Af%
& (Flexercell strain unil : FLEXCELL INTER-
NATIONAL CORP.) %K, Nishioka® & DKk
ICHE U TEEMERISY, 6epm TES|HIBE S,
FEMROKEHMANARE & bFGF EA I RIZT
TEERF LI,

3. MRARBEELOHE
RRFEELRE TRIETRELRSBE s h 3,

T I TETREMIED bFGF OMTFRE R I RIF
THEBERFT T 201, 10ng/ml ® bFGF
(Progen Biotechnik GmbH Heidelberg) D&
TTREME SR E L, MIaN B & O
BE~ND° S0, O AAEELFLEY) § VY A
WY ZRWVWTHRIE LT, £ 72, E3H#o
HRBERMEN O BERI T 5T, ESHIET
ABRFRIEE B % D ° SO, DRI A A A HIE L 8B4
FRABEEEEDIREL L2°Y, bFGF FEHI#E S
5V ESHIBGERME AR L L, REMan
HEOEAHBELE D% TR LT,

4. bFGF OHlE
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2. BYRIFTEFIOBRFRICHITS bFGF DFE

a : Bk 7 BEOEYEITE FVOBREZLICIE, EEREHTREEREME S REHRE ORI ERE
&h 3 (HE#%f, Original magnification : X20),

b BHEL RS W RBREROKREMIESE L U2 ORI L /- BEMEMNIC 35 bFGF &
Rt L, ABCH (Avitin-Biotin-peroxidase complex method) THEI N ZbFGFHRED 545 (Original

magnification : X 50),

BHTiaRO2BRICB T bFGF BEHEHEATIC
BEIhZIEPMEShTVWEY, 2 THEMR
® bFGF BEA%RETT 2.0, BEMEEZET(H
BTASH R BRI 1 B FFYURRF P Y v A
(SDS) BLU1% Tween 20 FIXEHIE) 25T
vEEE Ak (PBS) I THIA{LL, MEFEA bFGF
B% EIA % (Perseptive Biosystems) %\ TH#ll
EL, WHEEEE BRI L7,

5. PKC fEHALA R U PKC FEHEHER OHFE T I
B 2 BBAIRIM OREHEMIRA B EEA < RIE
TRE

BRI & 3 BEMROERELICBE L Tlan

EHEEREDOVD LS TH % PKCIREH LY, B

HIRIBLT & B BN EEELAIC BT 5 PKC 0&Elic

SWT SR L 7, BEMEIC PKCER(LAITD 5

12-0-tetradecanoylphorbol-13-acetate (TPA)™ %

Bx ORETHRINL, ASKFIRRHE D SO/~ DWY

(63)

120
p=0.008
3
5 100 ¢
=
[
3
O 80}
(@)
X
60
FERIBBE bFGF#) 358
(10 ng/ml)
R3. yH+ERERROMMAEEEEICRITT bFGF
(0} 2

RBEAFFREE L 0 KL B EREERE
10ng/ml @ bFGF OFAET TR S 5 L,
AR s L CHERARE~D SO DM D AA
i3 bFGF FERIBE (B viAzhic**SO. DK
SHEH, 385309+5558.48cpm %2 100% &4 %) &
H# L T10.2+£3.25% 300 L T\ 7 (Student’s
tBRFE : p=0.008),
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g 100
(8]
[
o 80+
=3

FERIBBF

5P MBE
({h&E15 %. 6 cpm)
E4. o9 ¥RERROMBAEREE CRITTES]H
MOXE
v+ ¥ EBEMEE FLEX T /IEE 7LV - 2H
WTES R CEEMERISY, 6cpm) 2MA
ARBEFEIEE U 7o, 5| R < I ERIBE (HY
AENFSOS D ERE, 48053.613011.94
cpm%100% &3 3) i L TEEMEOMaN
BLUHBRARBE~D SO O D AHIE, 24.7
+8.22% ML TWi (Student’'s t BSE : p=
0.014),

®1. "YEREARMIRO bFGF BEEICRIZTE
SIRMOEE
BRI OB bFGFEA B (meantSD)  p value
(ng/2.5X10°cells) (Student’s t-test)
LRI L 7.87%0.577 —-
EL|RIWD 0 8.82+0.654 0.045
(EEH 15%, 6cpm)

~
[=3
o

**p<0.01

JI& Kk

-—

[ ]
[~
o

g
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;

200

0 20 4L0 GIO BIO 160
TPA(nM)

Incorporation of 355042
(cpm x 102)
F-3
8

5. WEMBOMBNAERELECRIZTT PKC EH
{EFIORE

Y+ FEBEMRICPKCERLAITH 2 TPA %

BAOBETHRML, ASKEEE® D °SO. D

DAL EHIE LT, BEMEOMRA S L U

BAEBE~D0*SO OB RALE, BML

TPADEBKEEICEES N, SOnMOEBETE

RT1T% DRENRD S 5N iz,

(64)

ABERE LI, T, PKCEHHEERTH 51-
(5-isoquinolinesulfonyl)-2-methylpiperazine(H-7)*®
AE0 LS | FIBT 48RS S B 0 °° SO, ~ DHLY A&
AEREL 720

6. MatFEHImeE

2735 3D Well » 518 5 hicBEMEOMEA
BEB LU bFGF EXROFEMEOKET I Student’s t
BREEZHOVTITY, p<0.05%2#i#MNEBEDD &
L7,

B R

1. BB VOBISMICB T 3 bFGF OR/E
BLUDFGF OBEMAOHBRABEEA IR
T RE

YR S VOBIRAEBENICRET ZLE
ik 7 BHOREEHIHAL I, BEESHTREE
BOE A S REHRE OERSEHE S, REMEL X
Uz OB L - BB RN T i bFGF OFR#E
BraEhi (82).

ZIT, ZODbFGF OREBRBOEKRICKIET
HEERIT 3291, 10ng/ml O bFGF OFH
TCEEMEZ48MREEET 5 &, MlaNB LU
ABE~D**S0 D B iAH i3 bFGF FERIE &
H# L T10.2£3.25%EmML Tz (K3), 31D
b5, bFGF BEFEEFICB VW TEEMREEHBT 3
LR VRBHMIEAREOELA 2 REL, NKREH
BLCEESHREZE TV A AR RB S s,

%
8 0.01
p<0.
w —
o 500 .
<2
cr Il H-7 free
9 x 3 H-7 10 g/mi
WE
Q0
0L
i
o
0
£

Static Dynamic
condition condition

(6cpm-15%)

6. E5|RIMIC KD RBIEMIBOMIPAN B REE(RE

ICRIZTT PKC RAEFH OXE
PKC ORRFREMHERTH 2 H-TQ0ug/

ml ) Z&RML, ZFES|FES & OCIEES(RIBT
ABEFRIEBRER D SO O ABZRIE L /-
LA, H-THBEHATIEBARIBIC DA
S EMAREES ORENSBEI NI,
H-7T 287 3 2 &ic&k b T OBBAIRIBIC &
LA REEEREERE, biorv~nic
T Tl E N,

|



2. BN EEEAICKRIETET RIBOE
g

wic, BEMRoMBAREBEEAS I RIZTES RIS
DOEBLERIT 20, BEEMY ) 7 v8 (FLEX
1) & 7L — 20T, BEMRCESH#
CEHMERIS%, 6cpm) %2MA e, E5IHIETIC
A8BEFEE E % O B R MR OMIlaM I & ORI
BADS0S OWMYAAR, BRVB S5 AF v 78
(FLEX @) &7 L — P2 FHOVTER L -HEES|
FBE B L T12.1 1.60%8MmL Tz (K4),

3. BEMEEO bFGF EAICKIITESRIBOE

FEMEO bFGF EA I RIFT ES I fl# o E%:
Ritd 3700, BEMRNO bFGF B2 H1E L7,
SEMEAFLEX TH# 7L — b 2O T48H R
®4 5 &I RIS F ©I127.37£0.57Tng /2.5 X 10°
cells ® bFGF OEAEMEESI Nz, —F4, FLEX
[H& 7L — b 2AVTEEHERIS%, bepmDE
BIRIBCF BRI A 48K B 3 5 & bFGF O E
H138.82+0.654ng,2.5X 10° cells NEML TV 1
(F&1),

4. BEMEOMBAREESICKIT TPABIY
H-7 0%

HRBNEREERE DD &> ThH 5 PKC O&EIiC
SWTHRET A0 ic, PKCIEMLRITH 3 TPA
A4 OBETRML, 48EREEER% D*° S0, DH
DABERIE L 1o, BEMEOMEA L X O E
BAD SO O AAIR, BWINL 7 TPA OEBE
KB X N, SOnMODERE THRATT% D RER)
Bpashtc (K5), —74, PKC OBFREHEE
#ThHsdH-T 10um mlD ZHEML, FE5H#HS
& O FEFET [ HI# T ASHS RIS EER DSOS " DD A A
ERIE L& A, H-TIEBELE FICIIBMIEIBUIC L
D A REES ORENBE S NI, H-T
RN 5T &I & COBBIIRIBIC X AN E
BEAREERE, dbEorvvicETclflahr:
(K6), $HbbL, BEMBOMBAEEES TR
PKC OiEHALBEETH Y, BEHUHIBEIIO
PKC oE#HALEN LT, MIRASEEEOREEZTT-
TW3EEZ ohi,

£ K
BRI 5\ TR B R ERER

HERTS & ORI PEERREEH L TEBD,
5 OMBARL S OBERE R ML % FEHT T 5 B4 ORERF

(65)

65

RY A b A4 VOFEBRASPIIENRTVE ™, &
fo, TS ORFICMA THYISEBEIRIBH BTG
BRBICEETHAILOHLLIIN>TETY
B4,

INE T, BRI IERPEIES ETTEREEE
REX LD, HEIVIIEEIELD TSI EHRHE
ENTVBHYED, ZDEREIC > W T IR S
£V, BIREBEICHT 2 BRI OEE IO L
Ti3, Flexercell strain unit iZ & % B HHIES|#
Bic & 0 BFMBEEMEO DNA GR35 —7 v
HEEHOGERSREET 2EPHEINTVEY, &1,
RIS | RIS < OMIfaD ALP EEEHNs € 5
TEOD5, EREIRIED F IR OS2 R L,
BEiERAR B TEEE(LERE LTV 2 )kt
BREV,

—%, WREEBICRIETEBRARIE OS>
Wi, J v BT IS A BRI HSE TR
BOFEHMEREATH S FoAF v 6 RBROESE
EHEMESEBEIEPP, 5y FESEFHREFMEIC
Xtd % R /R I E K EHE 8 fI# 4 Transforming
growth factor-8 (TGF-B) DEA%{E#T 5 T
L5, BRIRIEO BRI W TEYE
{biZH 0 TS REMHIRETER b RE S 3 ARetEL 5
%

AR Y 4 FEEFHEERMEE RV RH TR,
B PR 159%, 6ecpm DESIRIEMEMA 5
L, BREmk4aL SO bFGF OEE BRI SN 3
LREIERIC SO " DHL D AATRE N ARE MM
EEOEAGHE®BLI., BRHEREREICET 3
bFGF OfEfic>\WTid, bFGF mRNA S E#HiA
FEESRICO VBIRICEE L TV 5 2 EMHE
EhTWVWBEY, £/, bFGF &5 & » BHrniERE
MBS N WORBIR TORBERES M %
&P, bFGFIZBIEXR DY E RS MO
syndecan-3 (bFGF Z&&) ORELH®BT ST
i & D IRBHE OB % R L NIREH B LERE
HELTWAEOZ LS, bFGF WEITREEKS &£
U2 DELEBRCEELSREEH LTV S T EARR
ihb, ThE TIEBNEIEIC & 5 bDFGF OEA
FAEcB L TR, MELESHMERS3RLI 7 -7 Y
FARETOFEBFIEIC XV autocrine & 5 W i
paracrine ® bFGF EA %M L THIKIEHE L EE &
haZevpiiahTnays, BFEMEBICET ZH
HiZE0,

ST, BRMRIECK T 2 HlaRERERE L L
T, KRB E AR B R BRI T IR AR
X AflARE DA V77 ) v ATFORRELLE DA
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VI T vRFENLHBEAND Y 7 VGERE
BHEShTVWAE2®, £125 5 VEFMEAER O
Wit cld, PKC OEHALENLT, CTOY 7 Fuh
LEENBEIEMBPESLIZEIN TV EY,

BAEER BRI B VL 2RF T, PKC OEEMNG
EHAbic kv HIAEE (Glycosaminoglycan)
OEESENT 3 &pBEIhTVEY, SE 0K
FebsvTEEREOMBARBEOEA X, TPA KK
& 24N PKC oiEHALic & - T, TPA OBEIK
Fiic(efgs iz, £/, PKCEMLEERNTH 3
H-7T oMic L EE sz, ThODEBRERN DS,
BEHIC B VT SMEARE OB AL FRENICIE PKC
OFEMALMBBEE LTV MR E N,

—7%, bFGF bZB0F oy v+ ¥ - ¥ OiEH
b L THIlANNMER E(mET 505, COHAICD
PKC OFEHALZ M ->TWBP I &b, AFEILE
WTEIE S h o FES | HIEIC & 3 M OMARE
EA OB, BRREBIC X 2 EENSEREES
DFONHELZENL 72 PKC OFEMILB LT
bFGF @ autocrine/paracrine X EH %M L T35l
SN TLAiEMH Y, ZOFICH>LTRE
SILAROMIEET B, '

=

B

1. #HERELT BRSO bFGF EEA 254 3
WEh 0T, REMERAREBOEA2EEL, B
isBRRIc B 2NREEE{LBRICERE LR %
HUTWA I EMREBENT,

2. REHMIAREOEARTGICBWVWT, PKC %
N HHINERERPEELSHRBLEIL LTV S,
E A
ORI L TEL O THRETH O - BEAREE

FEDKEFEBIRICER B 2HEEEZLE T,
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The effect of mechanical stress on the extracellular matrix and
basic fibroblast growth factor synthesis by
periosteum derived fibroblasts in vitro

Tsuyoshi Sakai, Ryuichi Saura, Masaho Yoshikawa
Department of Orthopaedic Surgery . Kobe University School of Medicine

Abstract
The effect of mechanical stress on periosteum was examined using a computerized, pressure-
operated instrument that physically deforms the cells in vitro. Mechanical stress stimulated
glycosaminoglycan (GAG) synthesis as shown by increased incorporation of *°*SO.*~ and also
stimulated the production of basic fibroblast growth factor (bFGF) measured by EIA. Similar
enhancement was obtained by addition of exogenous DbFGF into the cultures. It
18,therefore,suggested that bFGF has a critical role in the increase of GAG synthesis by
periosteum. It is known that dentoalveolar osteoblasts respond to mechanical stress through
increasing protein kinase C (PKC) activity. To elucidate the role of PKC in signal
transduction mediating mechanical stress on periosteum derived cells, the effect of
12-O-tetradecanoylphorbol-13-acetate (TPA), an activator of PKC on GAG synthesis was
investigated. TPA increased GAG synthesis by periosteum in a dose-dependent manner. On the
other hand,mechanical stress-induced enhancement of GAG synthesis were reduced almost to
the control level by addition of 1-(5-isoquinolinesulfonyl)-2-methylpiperazine (H-7), an
inhibitor of PKC. Thus, these results suggest that mechanical stress-induced enhancement of
GAG synthesis by periosteum may be regulated by activation of PKC. It is reported that PKC
activation is mediated by interaction of matrix molecule and integrins during mechanical
stress. Therefore further experiments are required for detecting the precise mechanism of

matrix-cell interaction mediating mechanical stress in GAG synthesis.
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