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Expression of heat shock proteins induced by cyclical stretching
stress in human periodontal ligament fibroblasts
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Abstract : The purposes of this study were to examine the induction of heat shock
proteins (HSPs) 47,60, and 70 in human periodontal ligament fibroblasts (PDLFs)
subjected to cyclical stretching stress in vitro and to elucidate the expression of HSPs in
periodontal tissue subjected to mechanical stress. PDLFs obtained from healthy human
premolars, freshly extracted from 4 orthodontic patients, were examined. The PDLFs
were incubated in «-MEM medium containing 109§ fetal bovine serum and were seeded
in 6-well flexible silicon bottom plates coated with typeI collagen. Cyclical stretching
stress (1 sec stretching/1 sec relaxation, 15% elongation) was applied to the PDLFs for
72 hours. Cell homogenate was subjected to 109 SDS polyaclylamide gel electrophor-
esis, and HSP production was analyzed by Western blotting methods, using anti-HSP47,
60, or 70 antibody. Two types of HSP production patterns were observed in response to
cyclical stretching stress. PDLFs that expressed low alkaline phosphatase (ALPase)
activity showed marked increases in HSP47, 60, and 70 production, while PDLFs that
expressed high ALPase activity showed no significant change in HSP production. These
results indicate that the expression of HSPs is regulated by mechanical stress whereas
the expression profile of HSPs differs among the individual types of PDLFs.

Key words: heat shock protein, cyclical stretching stress, periodontal ligament
fibroblasts
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FIRREOMHIRTTIC & % & b SRRSO 2 b v Ry DX 7 BOFBIC B3 2158 109

WEMEIEREICB W TIE, WAMERIC A = VA
FURABRBERT A I EICE > THEOBEI 2T D, B
ORBEEEO E8EE X U5 [H O EEBRICEAET S
FER I IX, AAH=ZHNVAMVARIMZT, BT
Y 72 [T HELRR 0D FE A <0 (e 8 & BRAR AR 0 (B % 72 IE
#E, ERINCEVETIRENFIEEITAI VR
bzdbDrHEz oMb, Lic->T, BEHCES
B OBEIFOMRAMMROBCELT BB B T2 A b
RY R EDOHKB L X OERES X CRENZIER 1C B
RIEWLEEZ 5N, FHRICETIHREZD v,

b b B AR JE AR HEZFE MK (Periodontal ligament
fibroblast: PDLF) A bV A Z v 27 BOFHEHICHE
LTiE, By a vy 7 RS ORIEIC & D HSP47?,
HSP709 OFIEHEH T 2 & v ) ML, BRI
BWTIHao—7 O L HSP4T O FLES—E
LT3 38EDBTEINTVSE, LrLENS,
AHZHNVA MV R L ZFEICET 2%, R
RIESE 12 & - T, HSP60, 70, 90 OEAIZEHE X 3
EWIHHTHS® OMER LRI NTWBE, HEHL2H
fif LIcBEOMEITHETDH 5, BFMEIC B W T,
FOKE B XD B 3 AR i MG-63 f B o3
HSP70 icBWTE Y a v 7 E[AERE KIG % AT HE %
LXORTEY, =V NVEERLDFERL 7283
futie oS AR 771 X » HSP73 ORI H3 8558
TLZEOREPREIN TS,

Z ZTAMFRTIE, BB THFEI N 2REMNZ R
FNURAZ LN 2-EE LT HSP60,70 %, £7-2 55—~
CERCES L Cnwa HSPA7 WL T, in vitro T
PDLF AR D ZEAH LTI o ORBEEHA
NBZ LWL, BIESC I % EEHERGOBERE
BIBZAPMNARY N EOFREFESHLNCT S
ZEEHEBE LT,

MHEE L UFE

1. b MEIRERIRAESmEREE X
PDLF i3, R EEE 2l EHE - miEe AL ¢
W3 DS 21 DB FEFBRIOBLERE 44 X
D, FROBECRAANDORED LTHSE, Rftsh
TeB—/INAED S Uz, 2 OB~/ O EEL
B L ORI 2B < AR 3 0 134 & b ol
FRONEA L7\ &5 (AR 2 KB L, 109 4
HafFINE (FBS; Flow #) $ & ¢F 100 units/ml -~ = &
V¥, 100 gg/ml A b V7w A v (REHEER) dRAN

a-MEM k7% (Flow #) #1C, % 35 mm D%
7 4 v a (Falcon ) BEicEES ¥, 5% CO,, 37°C
4 Y F 2=y TR L o WIRBA 2 5 out-
growth U7z IZHE—2#i8E 2 2 L TV 2 iRHESF
MMl s o> 7y Nk B ETHEELT
PDLF %187z, P53 CREZIBADTED 55 L7
ROMFLIE, 0.05% trypsin —0.02% EDTA &,
PBS (=) (FEMEE) AR O FRET CHER Iz bR
Wiz,

2. EERICAHU /- PDLF 4% & Alkaline phos-
phatase (ALPase) ;EMNAIE X

FER T IR 5-6 D 4 S D PDLF 2o, &
PDLF D {éf /) & BathHF D ALPase 154 & S8 5
% 1I12RT, 2% PDLF @ ALPase {&Mix, a> 7
x> +EFi2 PDLF % PBS $E#2, 10 mM Tris-HCI
B (pH 8.5) Fic CHEEEREY 4 AL TEBRK L
L, 8.6 mM p-nitrophenyl phosphate, 2.4 mM MgCl,
% & ¥ 0.6 Ma-amino-2-methyl-1-propanol ¥ %
(pH10) HTKIGE X, 410 nm OFEE THIEHES
(UV-1200, BESUERT) CHIE L7z, EzEEHZS >~
N7 EHEF Y F dotMETRIC (Genio Technology
1) ZFHWTEY o7 EE2BEIE L, ALPase &M 13 HAL
F R EHI:D QBRI B % pnitrophenyl
phosphate 53z & U CEHE L7,

3. BHmmEDDERHE

PDLF %, ZJv ¥y 7Ny ) a—v X7V VK
W 2ED Typel 25 —% > CHRENIE % i L 7- 5%
7 4 v ¥ a (Flexcell international #:) FTHEZEL,
arv7nvxEr hE, Flexercell Strain unit (Flexcell
international #) % f\» T, 1% [ stretch, 1%
relax, 15% elongation O FEARYHE S % 72 Wit &
L7z, MEHDOEaMSMAE, PDLF & BiEMiaicEE 4

#£1 FEERRIWHAW PDLF O

ALPase activity

(unit/mg protein) Passage No.
PDLF-1 0.24+0.03 5
PDLF-2 0.4240.06 6
PDLF-3 2.01£0.10 6
PDLF-4 2.781£0.40 6

BEEIZFEMEESD. Trd, (n=4)



110 fd & X FiEe

LmEOWIEESE 1 12 LT, PDLF OREREFRIE D
ZALHHREICRE D &5 5 LLEHH D DA % E L
72o

4, HBBRSEOBEERA ML R NOBNOY >~
NG FIR DR

AR B, Mg % PBS THEL, 10%
TCA TR U718, B5ET 4 v ¥ 2 L DHIBEL, RFE
Triton-X #&#& (9 M Urea, 2% Triton-X, 5% Mer-
captoethanol) I CTEBEFHEEY F 4 X LT, 10%
LDS %38 (10% lithium dodecylsulfate, 0.19 bromo-
phenol blue) %#i0z T, 2MTris B THHIL 721,
HEBEEREY A XL CEBSKEHOFRE L
o1, BREFD I o0 8BRS BHEER v
} dotMETRIC (Geno Technology #1) = & » HlE
L, 13810 pg WCTHEL T 109% SDS-KV 727 Y v
7 S PP VIC CESWKEI 2 1T7% 572, EXUKENIE, 50
mMTris, 192 mM glycine, 0.194 SDS, 209 methanol
BRZFWT12V,20 /D54 T PVDF E(f £

>-P, Millipore 1) 2% > /37 BR#EEFE L, &R
MUV RY VNI E ORI S o7 FHIE, I
WXt 24 (=7 AHLke ~ HSP47,60,70 €/ 7 0
F—VHUA, StressGen fH) EFFWT Y =AY 70y
T4 YT L DA, 2 XhifRi: ALPase 5% 7
Ey Miv 7 ARY 7 aF— ik (Promega #) %
Fvy, nitroblue tetrazolium (NBT) #&# (Promega
#) & 5-bromo-4-chloro-3-indolylphosphate
(BCIP) % (Promega th) i CrAJfML L7z 72, v =
Ay rTay T 47 OFEREEEERE L, Polaroid
D Polascan35 I THEHIRZH D A&, =y F > v
v a2 Power PC 7300 2 > v 2 — % — b CHEGREN
7 b NIH Image (written by Wayne Rasband at the
U.S. National Institutes of Health and available
from the Internet by anonymous ftp from zippy.
nimh.nih.gov or on floppy disk from NTIS, 5285
Port Royal Rd., Springfield, VA 22161, part number
PB93-504868) iz C7 > ¥ M 7T LA RFERR L, HEBIA
%A 12, 24, 72 BERR D&/ > F OB EMRIT 21T -
726

5. BETIBIZDOWT

HifRfEN Y 7 b NIH Image TIT - 72 EEREE & TR
EEOEBERTOERIC O W T ZTRBES S (two-
way ANOVA) %175 721, Dunnett &% Fv> TEH#I

TEDEDOZDOBE BT 2 MEHLE 21T > 72, &
B, ML ERFER R ONIRE & AR &
fEED 2 BRI TIT o 72,

& S

TIRYrTavi 4 YIOERE M1k
JERAE e S &2 & L7 PDLF-1 @ HSP47 O %
RFEL L TRLI, BEBTOMBRIE, EBERKRED
SHEEE DB 3 2 AT BLE 12, 24, 72 BEfE R D E
B BHEOZNZTNOEEOLERE L URL T,
%72, B 212 PDLF-1,2, 3, 4 DIEEEHTOREREZRL
72o

{HE S % &fi Lz LB B W T H, PDLF-1, 2,
3,4 1331 HSPA7 OFIR %2 BRI b T 0 I HE5s &
B 2MEAND - 7203, 72 RO EBEHFTIZIZEFE Y
7% HSP47,60, 70 DFH %2R L1z,

0 6 12 24 48 72
244
B ) o B Contol
Css

I

12 24 72
Time (hours)

1 BRI & W X % PDLF-1 O HSP 47
DRI DREREZAL
A: EEBEOPLHSP ATHBC LB 72 A Y >
Tay T 4 YT DRER
B: NIH Image IZ & 2 BE#EH (n=3)
Control : XtiEEE
CSS (Cyclical stretching stress) :
R AR
HIZE(E X Relative ratio & L CRERBHIAEF DNt
BEEEOBEE (0 time control) X3 2T L
TR, FHELESD. TRY,
FEIRTERFR O HEEE & AR D 2 3/
12 Dunnett &% WO CHEHLE 21T - 77,
**5<0.01, *»<0.05
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111

HIE(H X Relative ratio & U CTEERBIAEFOMTRFEDEIE (0 time control) WX § 2K E L TK®,

FEMETTHT (n=3),

[F] 5 R IR O R & AR J1RED 2 #EFIC T Dunnett 3% % fl v THEHLE 21T - 72,

**p<0.01, *p <0.05
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PDLF-1 13, FHARIHEE ST A fRNC & U HSP47, 60, 70
DOFBEBETR L1z, HSP47 OFEFIZ, AERERIAED &
RRCHEE L, AfTBLE 12~24 FFfFER TIRITHRAE
FEL, U 2B CRIZ—EOEE2R LT,
HSP60 031k, EfbAA 24 KR TIZIZHRAME I
ZL, ThIBREEL -, HSP70 OFHIT, Gtk
LA SR 2 ICHETE L, B RIA 24 IR TIRIZRK
fEICEL, 72 BB TIEPPRREL 12,

PDLF-2 i3 PDLF-1 & [Afkic, ARG &
X » HSP47, 60, 70 D FIR % GBI » & R 2 288
5 L 72, HSP47, 70 ORI AR BRLA 24 BRI TI1XIZ
BRAMEWCZE L, IR 72 B £ CIRIZ—E ORRH R
L7z, HSP60 OFFITERTHLA 72 Kifd# TIZIZHRK
EIZEL 2,

PDLF-3 i3, PDLF-1 & [El&kic, HSP47, 60, 70 D%
B b3 IR 2 EAIX H - 7238, HSP47 O &t
F4A 24 BRI & HSP60 0 &Rt 12 KERE % 0 FE3R
BEEIWCEMU LML, NEFELERTEEZER
B ool

PDLF-4 i, FAEEE IO AT IC £ 5 HSP47, 60,
N0ORBFOWEEERST, EAMVAY X7 EHH
2, ZFOFRBIIINBEHLAERENAD S5
770

PEo XS, Mg EE 2 &3 % & PDLF i&
HSP47, 60, 70 DFEIR A EA0 & ¥ 7203, £ DFEEEHEIX
il O PDLF i kX > TEBEIL, HEEBREICHEL 2
#if (PDLF-1,2) &, %3 TZWillg (PDLF-3,4)
D2 EEICKRITE 72, 47EED PDLF IgREH o
FED ST, I OMRE D ITIZ— 2T O
HEHIIEDIERE R L Twlzds, APV RS VX7
BORMHEPERICHEE L PDLF-1,2 1%, £1 CxR{
X 2 ICEERBATAR O ALPase 51443 PDLF-3,4 Xk b
HIEWHIRETH -7z, BB, BRIZIARS 20, EE
AR PDLF-1, 2, 3,4 312 ALPase i % F & X
B EAD D > 25, EERBHBIFOFHEE % 13 13HER
LTwiz,

% =

ANVAIZURIZBEFDFTENLS L DO
Tr7I V- onsdd, T ENERITIER
539, HSP70 1%, B> a v 7LD @FEHEINL 2 e
REENTBYIOA N VRS VNI7HET, FEAET
NRTCDY 7B LTy v2u B2 EL, £

FiE

FEP D ZDBICBOTFOFERBONELEAT
w3, HSP60 i3, TR 6 HEEDZEAETY 72
=y M OEBREINIFEORE 2L, YryRuo=
VL HIEEN, i vitro TY v 20 EERERTESE T
XBME—DANVAY U NIETHD, 72, HSP60
1%, HSP70 EFEBEICIZE E A ETRTD Y 87 Bzt
LTy v Ru U EREERF D920, —75, HSP47 13/Ng
HICEEL, 7uas—7 L BRNCESL Ty v
~uoUBERER R LY, a7 —F AR
543, KREBRFEE T3, PDLF-1, 2 128 T HSP47,
60, 70 DFIRDOBEEHHD 5Tz, LTz h3 > T, HSP47
DFROZACII A HER I L 2ld0 a7 —7 >~
AR D7z, HSP60 & 70 O LIL EHRRHE 7112
L 2HIBEANDOM S DY V87 BOBEES UL 3SR
OEICERL TS Z L BHEINT, A=AV
APMVRAIZEBAMVAY 87 BEDFBHEEICOWL
TIXFEEE 3 R & 5 23% 23, Haskin® 1382
fa MG-63 Ml ic K E % &3 2 &, BRI
BRI WEED SR WIEEAN L, flgE I
JRTEL Twiz HSP70 ixfifaE » oA ERBITL, %
ORI 3 v 7RIS LML T2 EHRELTY

%, —H, =7 MNVEERX DR B
Pz AR R % 4 HE&RTT % &, HSP73 O FH
DSERRIC R T 2 5%, HSPS80, 90, 100 OFEIRIZIRT T
20 L w3 EER, PDLFICEMO» AR T % &
HSP60 O F I 6.8 5T 2 L W HIMEY 23D
%, ﬁﬁ%m®ﬁ¢kmFTét$%%@F%®%17
kiﬁﬁﬁMh%ﬁﬁ%ftﬁ@ﬁﬁ@%@%gg%
BESFEN L THIECER D IND 2 KEBRD L 5
REMAEREDOMEEL, A MVRYURIEHEHED
FEBEOMHEIERL TV LEDbILE, ThoDHR
Lo, AMVRY NZEHOFERIE, MioEED
AHZANVA SV ADAFRRDOE I L VLT S
EEzZ6Nh5,

AEERTIZ, 4780 PDLF i AHIRHES %2 &6
L7228, BEREWEC, PDLF OfESEIC L D ZDFH
BAHIZEZ Y, BBk E o7 PDLF-1,2 LiZ & A
EELDFED 5z o72 PDLF-3,4 © 2 D2 kKBl
Sz, PDLF ifiEFMfaffco—&E T, suv
ALPase {EMH?? #H L, REAEEE T CAKALY %K
T5 0 BFMEAEMROME b S I TwD EHE 2
SNTWVBB 2958 i vitro DEBRTHWON 2
PDLF 1%, I1Z & A £ mix population OMifE? 29 ¢
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bHbH, REBRTHWT: 4 O PDLF 13, 4 40 EH
DE—/NAW LD, HETENR: LS ICRIZREIEHGET
BIRL, B IZIZE—TH o723, EERFHAIFD
ALPase &M 4z Ofifa TE 7% v, PDLF-1,2 i
PDLF-3,4 L3 % KWLM ER L7z, PDLF 12
B % ALPase {EME ORI EENCEHL TS »»
Tk wds, ALPase i O E W PDLF 335 —» »
EEBEWE W RED N DD, ALPase iF 14 1%
PDLF Off2 2 EERFROHEED—DOIEEIZ % %
EEZoOND, KEBICHWI: PDLEF DA = AL A
MVRICEBAPMNVAY URXZ2BOHKBHEONY 1.—
v a Y OFERIZEAFETIZ S W, 4 O PDLF ORE
FKIHOMES BB ICEGRL TnE I L BRI,
¥ 7z, PDLF i3 B3 IEMDLL 728 2R 47282630
D, XAHZHNVA P LVARNT ARISIZELRYD, BF
WIS 19% elongation % #E 2 5 {4 B R CHETETE M
ZELIBETEE 20w LT, PDLF X 9%
elongation T & HEIEEM 2 1 & A E & L& & 719,
PDLF iZ X A=A VA N v AT 2 EHFH 2B
MBEIVEVEEZONTWS, KEBRTHOIEL
ALPase i5% %7~ L72 PDLF-3,4 1%, PDLF-1,2 &9
HHFEMEGEYEE R R I THL L b E 2 5
W, TOZEBRIZHNVA VAT KIS
UL BEHMHECERL T A AT L BHETE 1,
%7, SEIOEBRTE, BROOEE LHEEY, 1 B
stretch, 1 #fd relax, 159 elongation & [&%E L 72 5
TITo 720, INODOFRGEEREZDEAPVAY N
CEORBEFHIENT 2L b FELO6NS,
AHBZHIVA NV AL BIEREEEEICOVWT
X, MilEREDA > 7 7Y VTR EMBEERSY o8
7B &N LI IEHRE R, VYT AL A v F v
AN & BIEHRIEEREAES PGE,, IL-1 £ MR
FEMNLIZR®, NOEN LR EREZSHTWL
5, —7, MRENBEREEB#BICBITZA LAY
N7 EOBENCBI L T3, HSP70 535 # i1 M E
FUNTBDT 7FVEREED LTWEI End,

bWwsdruRY) rh—8 e LUTHIEERERSY
N7 B EHFETERL ARG EED > Twb ¥
ZOoNTWBRS, Lo T, Mg Ah=sp VA M
ADARENTBRIC, ANV R N7 BN, MR
HDA »7 7Y Y FHCHIEERE Y 87 B L4t
TEDBERELET LRVGFET S 2 LR HES A,
KREBR TR FIHET I X % PDLF-1,2 1
BIFBEANMNRY NI BOFREOME®EY, OMHEHR
EEHERE S BAR L T WL A EJREME B E 2 o 1Lz,

KWTFROFERD &, FEARHREIIIC LD PDLF X 2
NUVRY U7 BOFRBERERS® S 2 LS I
20 BIEC L B OBEIROBEAHEBIC BT,
AHZHNVA SV AGRIZHED MilgND 8 > o872 80
ZHIZHT 2 A bV R o7 B O BRSNS
BEE, ANVAYUNRIZEBERERT LI EICED
BERPIEI N, WARBROUELET T 2 W Hetks
RENTz, S, AHZHNLA MLV ADERIC LD F
HAEMBMIE L8R M AY VX7 BH ORI BT
FRECHIANBEOE L ETANRS L2, 205 —
Ty MeRBIRIEARRBIETDLIET, AA=H
WA PVRAREBANVARY X7 BOREERS &
DHHREIC T 2 Z MR BETH D EHZ OB, 512,
% PDLF ORSEEHKROMHEZEIC L D2 A MV RAY 287
HBOFRBEONY) = —v 3 YOERIC DWW CEICHES
TR2IELARAARTHEEFZzZOND, £z, BIEN
2L A OBERFOBERAMBRICBITZ2 A LAY 2N
JEDRBEEETRD 72D D in vivo ODBFENE £
nas,

AW OEFIX, B6EEARBEHRBYES RS
(1997 4£ 9 B 29, 30 H ), 77th Internatinal Associ-
ations for Dental Research (1999 %3 H 10-13 H
Vancouver) WBWTHEL .

5B, O, FK9, 10, 11 ERESCEBERERT
FREYRE, BT (O FEERS 09672091 O
ZEBH5DTH B,

REEE . £HFEIE, o vitro I TE b BRREAHESEMRY (Periodontal ligament fibroblast : PDLF)
R B 2 AR LA OBL DA MV A Y > 878 (Heat shock protein : HSP) D% %3
NDEZEWCED, AAHZANVA PV R L DEEABBROBCERBICB IS A NV R Y N7 OB
BeHHoPICT 5 I L 2HNE L, ERICIZES/NEED S I 72 4 O PDLF 2wz, fl

fazs ) a—v X7V VERIBRFOEET 4 v Yo ETEEL, 180 stretch,

1 ¥ relax, 15%

elongation O I THES % 72 REAR L7z, A MV R Y VN7 BOFEKRIZ, EXWKENIE, 1 HSP47,
60,70 €/ 70— NVPUEERH VT 2 Ay 70y T 4 Y THEICTHEN, FORR, A NVAY 87
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