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2 9K M 1 %F A 5F B = 48 i MMP-13/ TIMP-1
REWEZMEEESHESEREMAR

FARA, B K, KRA, T %
(S A 1B B B TEWFE, 7942 710032)

BWE: B TR RRE DLW A M 3 A F R IR i 3 R 4 8 B B 8-13 (MMP-13) R HLaH Rl (H T--1
(TIMP-1) F53AIRZW , FR BT PR T R0 0 4/E A T A R 40 it MMP-13/TIMP-1 &35 HE 5# TR,
Fik  ET AN SRR GRS IR AT R AR R F] AT AN 0% 6% (12% F1 18% T AR BRATHIARZE 7K
N7, 4EFE 24 b /5, A RT-PCR ¥R 4AHE 3% 71 /5 MMP-13/TIMP-1 mRNA k4840, A Bl s HE 0
RIRMAEL, B4, BEERRREGSBRENRERETHIF, H RT-PCR J7 k4 AR A R0 700 %5 22 5k 1 78 F
N5 LA MMP-13/TIMP-1 mRNA 5550254k, &R AFFEMEZ A5, MMP-13 /TIMP-1 mRNA BEH
FIRWEAE TN TR B IR W BN, PDO980S9 Rl ML AR 22 5K 7 7 4 F T 7 R B 41 B2 MMP-13 mRNA %3k 1
PN AR SR e ER T R AR SR A T VE AT TIMP-1 mRNA FGRMIEIN., 48 A IF5E AU A TR N J1 7T R g
AT F AN MMP-13/TIMP-1 33K , 2 MR 0 2F R AL 4 A i A3 SR A0t . LR SR I ifE AT MMP-13 Rk K
HnRiEd ERK-MAPK i&42, P22 N I/ERT TIMP-1 3Rk i I E@ S 5k B HBiE .
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Expression of MMP-13/TIMP-1 and signal transduction pathways in
response to mechanical strain in human periodontal ligament cells

LI Yong-ming, TANG Lin, ZHANG Xiao-dong, DING Yin(Department of Orthodontics, College
of Stomatology, the Fourth Military Medical University, Xian 710032, China)

Abstract: Objective To investigate the effects of different magnitudes of mechanical strain on the expression of
MMP-13/TIMP-1 and try to determine the signal transduction pathways in response to mechanical strain in human
periodontal ligament cells (HPDLCs) in vitro. Method HPDLCs were subjected to 0% ,6% ,12% or 18% elon-
gation for 24 h by using cell stress loading system simultaneously. Then the MMP-13/TIMP-1 mRNA and protein
expression in cells were tested by reverse transcription polymerase chain reaction ( RT-PCR) and western blot-
ting respectively. Furthermore, specific inhibitors were employed to examine the role of different signal transduc-
tion pathway on the expression of strain-induced MMP-13 /TIMP-1 in HPDLCs. Results The expression of
MMP-13 /TIMP-1 in HPDLCs significantly increased in groups of 6% ,12% , 18% elongation in a magnitude-de-
pendent manner compared with the control group (0% ) after the mechanical strain treatment for 24 h. PD098059
and cycloheximide could inhibit the increase in MMP-13 and TIMP-1 mRNA expression in response to mechanical
strain respectively. Conclusions Different magnitudes of mechanical strain can affect the expression of MMP-
13/TIMP-1 in HPDLCs in a magnitude-dependent manner, and further affect the periodontium remodeling with the
characteristics of degradation and synthesis of extracellular matrix in response to mechanical strain. The ERK-
MAPK pathway is involved in strain-induced MMP-13 expression while the strain-induced TIMP-1 expression de-
pends on de novo protein synthesis.
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BUMR )2 S5 3 7 o R ot B A 3 I, 5 ) e T g
FRB B EREIRE B, 1 5 2 M A0 28 R 1 ok
R IEW A S ARl . F RS20 AR 3 1
R FEIESMIBRRA R L, TR 5 B
FuspEE R (extracellular matrix, ECM) , 3230 IF B 71 o5
#3h, HJF 4B E A (matrix metalloproteinases,
MMPs ) B 2H 2445 [ 1~ ( tissue inhibitor of metallo-
proteinas, TIMPs ) 57 B & ECM {Rigt xR &Y, 1F
5 ECM 3 H RS ) 3 28 1 K g B8, MMPs/
TIMPs RGETEF FARBRER SR D RIFEER
R AR . Hh R 4 )8 8 1 B§-13 ( MMP-
13) J& TH 48 & H B 505 L 5 R i i —
i, R RRIE MR AN MO A EL I, R A8 2R IR
Fh=Z4IZ5Em S, W gB " AR LT
Bl R b, 2F J B 40 i T B 238 MMP-13, {H{&
AP B A R A AN [R) R BE 2R K N IR TN RSB
MMP-13 & TIMP-1 JR 5 qnay A K 22 5K oi 77 %5 2 4
HEZH e MMP-13/TIMP-1 K3k 2 19 W] BEfE 5 =
WREETEMAERE. Bk, 20 5E S AT
HEZH i ( human periodontal ligament cells, HPDL.Cs)
%, WL [A) 5 BE 22 5K B 7 6 N ZF A B 4
MMP-13 J¢ TIMP-1 B:RFIR 3R iKBZmm , H@ 1t
ST ARG S AR R S AN, B KK |
T ARAZTR N S0 A B4 i MMP-13/TIMP-1 %38
BN ETRIRERRE,

1 #BFAEE

1.1 FERKFGWNE

ZIEE AR TR R ) MR GE (S W EE R F
AEEFGEERM 5HENERERFEXEFIER
GAVEBFHI) 5 75 FL 55 i TG IR 4% R AR (Flexcell , 36
) ;RNA #4205 &, MMLV 95 % 5t (MBL 24
H], H4) ;Taq DNA 485 BRARKE .INTPs 15|49
ER(LEBEYWTRAFR, B E); MMP-13 i {4
(NeoMarkers 73], 32 ) ; TIMP-1 $ipfk (b at o
H] 4325, Santa Cruz A H], 36 ) ; 2T RE B UK ALY
( BB X&), E) ;PCR § 14 (Y (Biometra, &
E); “# (RN EA T, T E) ; Protein Marker
(#E£A 7, P E ) ; Mini-protein [T £ [ B, 5k 4% ( Bio-

Rad /A &], £ H ) ; i B2 41 4 & & ( Amersham Biosci-
ences /N A], 2 H) , L EEH ( cycloheximide , Sigma
ONE], £ H) , 1|32 SE (indomethacin, Sigma 43 HJ ,
ZH) R R EE] (genistein, Sigma A &), ZEEH),
PD098059 ( Sigma /¥ 7, £ )
1.2 HPDLCs WFSMEFREERE

WA 11 ~ 13 27 [A] TE W55 3R 7 22 T A B 110 £t Bl
T, BB IR BN A 5 3R T R R A I, SR
4 ~ UM AT S . M SABC Sfie 4 f fh 27 4%
AR, BEATHOE 22 A BU A4 MA 3 B PUA g6,
YEAM MR IR A€ o
1.3 ZARaRz S1nEk

AR R A5 4 X HPDLCs, BRI 16 5 WHK,
MR EUS R MR 2 2 x 10°/mL, JlIA 6 FLEHHE
FEJR G TR AR (Flexcell, 22 [{) , ARMEFRIE T LA 10%
FBS [¥) DMEM 3555 W& 24 h 5, T E R4
41, A B AT B 5 200 08 40 A K R 7 Im A, <
FEIRTE 6 FLER AL RS IRk 1 ) HPDLCs J#45
Ho EHILIF Ny 4 A3 RH 6% 12% \18% 3K J)
o ZMIKANERSEFIEIE] 24 b, BT A0 LA I
TR PORZE R 6 J&/min, B S s i, 5 s A5,
1.4 RT- PCR JllE MMP-13. TIMP-1 mRNA Fi%

JIFHR 24 h )5, A 0. 25% J AR 1R TN
1k, B0 800 r/min x 6 min, PBS 7%, HIRE LG,
J Trizol ( Gibicol 23], 28 ) #% #2 /F 150 B il 42 &
RNA, 7E Gene Amp 2400 PCR ¥ #4{¥ | ( Perkin El-
mer A, K E) #17F €& RT- PCR, HEHE
RNAL. O pg, M85 5125 & (Promega A7), £ H )
FEARAEULEA-& B cDNA, FEHL cDNA 17 PCR ¥ 3,
5B ¢DNA 43 PCR "1 MMP-13 TIMP- 1 J% GAP-
DH ( glyceraldehyde-3-phosphate
GAPGH) [ ,GAPDH L[ 543 7= ¥y 2 A T R .
HEG YR 1w, 9 AT : cDNA
1 pL,25 mmol » L™ MgClL, 2 pL,dNTP 1 pL, iE i3]
P)2.5 wL, 5148 2.5 ul, 10 x PCR v 28 Wi
5 pL,Taq BO0.5 pL, il 58 7K ZLEH S0 L,
94 °C 40 5,58 °C 60 5,72 °C 60 s, fEFHH 30 ¥K,
72 °C,FEMR T min, PGP 1. 5% BRleBEEEIR B,

dehydrogenase,
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#1 RT-PCREEZ#WFEHN
Tab.1 Primer sequences used in semi-quantitative RT-PCR

MMP-13(445bp) Forward 5'- GGTCCCAAACGAACTTAACTTACA- 3’
Reverse 5'- CCTTGAACGTCATCATCAGGAAGC- 3’
5'-CCTTATACCAGCCGTTATAAGAT-

Forward

CAAGAT-3’'

Reverse 5'-GTCCACAAACAGTGAGTGTCACTC- 3’
GAPDH(983bp) Forward 5'- GGTCGGTGTGAACGGATTTGG- 3’

Reverse 5'- ATGTAGGCCATGAGGTCCACC-3’

TIMP -1(346bp)

1.5 Western Blotting & il MMP-13, TIMP-1 &
ARi&

JI% R 24 1 J5 ,¥8 PBS s I BE LR K (1 4 i
2 mL/IR %3 IR K BRI R INTE BRI L vk B
JE A 2417 4 AT 30 mim ; T 40 A )45 40 A %) o 5
MR MR B A EP ;4 CRIE L 14 000
r/min X 15 min, {i4E FIEW . B 40 pg 410 0 H
FAET 8% SDS- PAGE JIRHL K45 , 3% RIEIREF
$E K, T § MMP-13 ( NeoMarkers 2> &), £ H ) .
TIMP-1(Santa Cruz AF], ) Frik 38, Kl MMP-
13 TIMP-1 A ik, ECL BB E &5,
1.6 HPHIFIXHUA ZE KR A1 4E A T A F R IR i
MMP- 13/TIMP- 1 mRNA ik #2500

SR 12% hu e o AR %, S S 2 44 i 43 3 i A R]

0%6%12%18%M

")

MMP-13

o
W
1
—_
=]
Nad

201
15F
1.5

" on W
O L

Elongation /(%)

/GAPDH mRNA)

Relative density(MMP-13 mRNA

e S A 38 300 43 ) Sk R 2% TR B ( eycloheximide ) . F5|
W22 ((indomethacin ) | 4Bl K 8 B ( genistein ) K
PD098059, H. & & ¥ B 4 ¥ & 10, 10, 20, 10
pmol/L'* . ZR I fin /£ A 24 h J&, R RT- PCR
Mi%E MMP-13 TIMP-1 mRNA [ 25 E5 .
1.7 SitZEaH

JH Bandscan 5. 0 X455 #4717 K BEAH 7. A
FEf ) MMP-13 J TIMP-1 F) /K B{H 5 [ — 4% &
GAPDH MK A AR N ¥F-4 MMP-13 & TIMP-1
FRIXEEW, A WBIRI KA 5 T4 R A K
B ATE, BUH P U, R (7 £sd) o it
Hr% 1 SPSS 10. 0 SR FATHRE R I 2501«

2 &R

2.1 FESEEEKRE A A S EEMHE MMP-13
mRNA X F R\ RIZHFM

RT-PCR } Western Blotting 45 R it 75, A7 JH
HEEAH . MMP-13 mRNA K2 88 3R 35 B & HUAR 22 5K i
TR K (0% 6% 12% 18% ) T B 5. 3 i ( L [&
1A.C), L\ GAPDH &8 J17] 24 h |5, MMP-13 /
GAPDH [ AHRT 2% BEAE, Bl fin 280 28 3 5 35 T B
BER, HHH HRE BEEEZR(P <0.01) (LA
I1B.D),

0% 6% 12%  18%
© MMP-13

GAPDH 4

*%
(D) [
*k
6 12 18

0

¢ oo
(=3}
1 1 1T 1T 11

coo
O — bW
T T

(MMP-13/GAPDH)
<
wn

Relative density

Elongation /(%)

B 1 FESREZFEKE X AFEEMAN MMP-13mRNA R EERIAMHIE  (A)RT-PCR BUIEHEEER B3k 451 , (B) MMP-13mRNA #H3f 6%
BE{& (MMP-13 mRNA /GAPDH mRNA) , ( C) Western Blotting % [ B3k 4551, (D) MMP-13 #H%% 5658 B 8 ( MMP-13/GAPDH ), B[R 2 5 225t 5
PWHEAT 4 AT, S RE BEEZER( + +P< 0.01)

Fig.1 Effect of different magnitudes of mechanical strain on MMP-13 mRNA and protein levels in human periodontal ligament cells (A)
Agarose gel electrophoresis of the RT-PCR products using specific primers for MMP-13 or GAPDH, (B) MMP-13 mRNA expression levels
normalized to GAPDH, (C) Immunoblot analysis of MMP-13 and GAPDH, (D) MMP-13 protein expression levels normalized to GAPDH.
Significant differences from the 0% culture are shown by ANOVA and ftest ( * * P<0.01)
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2.2 AESREEWKE A AZFEEHAR TIMP- 1
mRNA X & HRER T

RT-PCR } Western Blotting 45 R it 7x, A 7 JH
AN TIMP- 1 mRNA R 2 [ 3R 3K B & DU A ok b

2A.C). Ll GAPDH HZ M, {1/ 24 h J5, TIMP-1 /
GAPDH 4 AH X 285 B, B in 2 20 = g 38 T B
IR, B A R BEEAER(P<0.01) (LA
2B.D),

FIHE K (0% 6% 12% 18% ) Tii B . 3% fin ( T [&

0%6%12%18%M

()
GAPDH 0% 6% 12% 18%

TIMP-1 ©) TIMP-1

z GAPDH A M
~ 25+ (B)
E 1.0
T < 20f o D
= 25 08 ®)
E o T 2
EE L5 5 < Kok
o <
Z8 I3 . 27 04 *x
35 0 5=
Y . g
= 0 L L L 0 L L I
3 0 6 12 18 0 6 12 18

Elongation /(%)

B2 FEREZEREAXAZFEESM TIMP-1 mRNA REHFRIEMFM (A)RT-PCR SASHEER I 45K, (B) TIMP- 1 mRNA FHXf 6%
FEAE( TIMP- 1 mRNA /GAPDH mRNA ) , ( C) Western Blotting 75 [ Hi Jk 455, (D) TIMP- 1 ABXT S5 B2 ( TIMP-1 /GAPDH ), 2P % ) 24 350
AT UM LA BEMEESR(+ +P< 0.01)

Fig.2 Effect of different magnitudes of mechanical strain on TIMP-1 mRNA and protsin levels in human periodontal ligament cells (A)
Agarose gel electrophoresis of the RT-PCR products using specific primers for TIMP-1 or GAPDH, (B) TIMP-1 mRNA expression levels
normalized to GAPDH, (C) Immunoblot analysis of TIMP-1 and GAPDH, (D) TIMP-1 protein expression levels normalized to GAPDH.
Significant differences from the 0% culture are shown by ANOVA and ttest ( = = P< 0.01)

Elongation /(%)

2.3 MEFRNEEREADERATATEAEMR WS N K SIIER T MMP-13 mRNA &3k (13
MMP-13 mRNA 3% B8N e PD098059 & 22 24 JF v Ak 55 1 38 788 ( mitogen-ac-
RT-PCR #5227~ ( JL1& 3) ,PD098059 ®] ] g, tivated protein kinase, MAPK) 1 4 il #M 5 5 8 5 3%

B)

O tensile stress (—) M tensile stress (+)

1

(A) MMP-13

()
<

tensile stress —

[SERNS]
(I

+ -+ -+ -+

cycloheximide indomethacin

JGAPDH mRNA)
S = =
o O

Relative density(MMP-13 mRNA

MMP-13 ¢ ..
> © & 9
&© & &Y 9 3
. ! N
tensile stress - + -  + & X @ O
%) N
<

PD098059

B3 HRIFYREERE SER T AT AR MMP-13mRNA FEMEW  (A) T ABEMBEAEME( +) MIEmE - ) RET, ARM
)% MMP-13mRNA 2 3840 Y RT-PCR B MEER B B 3k 4528 , ( B) MMP-13mRNA AEXT 685 B ( MMP-13 mRNA /GAPDH mRNA) , J7 4%
1, PDO98059 415 HoAbm R4 1] Lb 4 A BEMZE T ( + = P<0.01)

Fig.3 Effects of inhibitors on tensile strain-induced expression of MMP-13 mRNA in human periodontal ligament cells (A) Agarose gel e-
lectrophoresis of MMP-13 and GAPDH RT-PCR products when the cells were cultured with ( + ) or without (-) loading with tensile stress,

genistein

(B) MMP-13 mRNA expression levels normalized to GAPDH. = = Indicates a significant difference from the stress ( + ) culture (P <0.01)
as determined by f test
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Jif ( extracellular-signal regulated kinase, ERK1/2) &
FEBIRR R R, SERR A R MU 3K i =
NI N4 L MMP-13 223X 88 iR 1 i B AME 5
PR B - 22 2R AL B O 8 (ERK-MAPK) %48

tensile stress —

genistein PD098059

2.4 MEFINEREAERT AT EEMR
TIMP-1 mRNA %% 5800
RT-PCR R B8 (WLIE 4) , B BB ( cyclo-
heximide ) T] B B # HIHLAR 2 5K 0115 S A F A IR
(B)

3.0 O tensile stress (—) M tensile stress (+)

[
=)

Relative density(TIMP-1 mRNA
/GAPDH mRNA)

B4 WEHFAMERE A ERTAZFEERMAME TIMP-1 mRNA RIXERM (A AT FRBEMBRIEMEC ) MIEmER - ) RET, ARN
%} TIMP-1 mRNA 22k 5400 () RT-PCR B8 BE BRI Ik 455 . (B) TIMP-1 mRNA #H%t 6% B {8 ( TIMP-1 mRNA /GAPDH mRNA) , F254%
B, R B ( cycloheximide) 2H 5 H AR (6] LL A BEMZER( » * P< 0.01)

Fig.4 Effects of inhibitors on tensile strain-induced expression of TIMP mRNA in human periodontal ligament cells ( A) Agarose gel elec-
trophoresis of TIMP-1 and GAPDH RT-PCR products when the cells were cultured with ( + ) or without ( - ) loading with tensile stress.
(B) TIMP-1 mRNA expression levels normalized to GAPDH. s = Indicates a significant difference from the stress ( +) culture (P<0.01)

as determined by f test

T TIMP-1 mRNA FRIKHHE N, TR B IR 257 E
B EIAEGA], SRR RN UK 1B AT
JEL A0 g TIMP-1 %35 B9 38 fin 2l 37 4= 3 R AR
3 itig

ENE) R0y 2N eI AV & ] SR I E
N4 B AR 51 22 A R AR AAAE B DL RN
LUERL T RIA R # R T B R BERshSF4,
T HE 2 B A 2 i A6 B R ( extracellular matrix,
ECM) 24 R =2 iy, 7F g ECM =B A3
R AEEREEL EAZMEY IR, £ RER
B I8 FRARNGE RS, I E
A — RS R R W R EE—E R T, x4
Ml 5r3L BEFE B Ak, X ECM B RRAR I Y
oM, AT ARAIE R B N SRR AR e , SER A R AL 4R
MIIEF i, R4 8 E {3 (matrix metalloprotei-
nases, MMPS) & — 4 {K#i —# &8 & TR MK
B, ZULENEE ECM AW EREEAEZ—. Hl
RN MMPs {E# 2 /032 5 FE MRS, AdE i 5
TR BT IR TE AL R R R R oA
] R RSP TT . o MMPs Ff A 2R

i) TIMPs J2 Ho 3%k B 25 5 R R B 71
ECM [W1E % A B AR I8 T MMPs K TIMPs B34
2SR, — BFERHE , &5 R & MR
Mk, ZEESEELE-13 BAKNKEENE
HEfZ —, B TR L8 E OISR RS RR
B —Fh. HEEIIRRR S BAMINETR, Z5A
1A 2 Fb A B A0 B A, KRBT R Y,
MMP-13 5ZF BRI & A4 R R R % IR 3 UM 6, 2
E H A R o 45 2 10 B SR B T8 A , mI B D e 28
FREEE RN EZ—. AR ERY &
RUEAREFANE la(Il-1a) SHEFTEEF o
(INF-o) F9VEH T AT JE B4 fl 32 35 MMP-13 /K57
Hhn. SCERL6,7] hMBFR RN, TEIER T B 3h
T RR R T R AN R B e 5k MMP-13 , 13 MMP-13
I RA LN IR R EEEEEH. AT
NESAEN T A R H AR N EEEWEE, F5
ZF JR 40 MO ZEAS [ 5 B 22 5 7 7 RS TF R ik MMP-
13 J TIMP-1 AR afay, DA B 22 5K 57 A7 %t 24 J&) B 4
Mg MMP-13/TIMP-1 RIEZ MM E 5 FFEEIFN
HRE . AVPR LI B4R A ZF R R 4 i e fm
6% 12% \18% B A8 Z A K i JIME T , MMP-13 5
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TIMP-1 mRNA K28 F K35 B3 W58 , B H KK
JIRIRANEOIARSC , B DU SR ) s ok, HsR
IR BIEAN, FEBHAS [R] 3R BE IR g AT LAsE A %
ZF JE P2 L MMP-13/TIMP-1 3K B2 e , 3745 7F JA
HECEH M S BT 1 A 38, DA T 52 il 2 J AL 4R AE I A7 IR
STHBEEREALR.

NEFIAE g A B 43 PR AR I — R ORI A 1, B
WE) 200 0 5 4 R B B Y EE 2 B AP SRS B, T | A2 40 A
P—AWE 55 M EAGER, AR B — MG
BAF5R-ZAEMEEEN, ME2MEREDT
SRR I S A EE S AR E R . T
FREEN Mu AR S o 3 SRR AT B 8 5 A 2 s U
SEAL K EWES , Fmm MMP-13 5 TIMP-1 [
ik, AT ECM AR #, AMITIEFF A ERE . Yang
ZLPVpaY % 3. MLAK 1 AT 5 S RS 40 e ( MC3T3-
E1) MMP-13 g)3R3K538 i, 3% Hk A LA 5k Ji1EH]
T BUE A MMP-13 3K (178 b 2af ik MAPK 24
SME ST MBS R R SSIE . AR AEE e
MR R, PR R, LSRN HER T
MMP-13 3% i5 B9 3 hn B #% PD098059 FF 11 il
PD098059 2 Z JE 1540 H EUEF ( mitogen-activated
protein kinase , MAPK ) w1 21 ffu #ME 578 757 S0 B ( ex-
tracellular-signal regulated kinase , ERK1/2) 1% ) 5
SRR, FASTESEA K U A Tk B IR T
X A RE A, S8 it 22 24 )T A 2R B O P ) 4h i A
{55 017388 (ERK-MAPK) #4258 MMP-13 3Ri5
M . X Yang ML Z5 RA R ARG
RBHURA TR B IR T TIMP-1 3% 35 B3 finmj 4%
TR B ( eycloheximide ) ) , T £k W B 2 7 2R
B AR I R, UG ALAR Bk N I ER T
TIMP-1 RIX B3 0 5 g0 A 7 AR R 0 85 A
K, W I B ARME B AT — 2R ANTST o
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