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LR A EMBI U NFRERNFESERER

HREE #HET*
(FERKFEEY TE2PE, BEK 400030)

WE DR % @l (myofibrobasts, MF) & —#F $ &2 8 ¢4 F /Rt fafe, EAT 4 itz fo
1 B K (wound-healing response) ¥ #7% £+ 2 € £ 694k A . MR fmie b 3] $ 4 e B T4
fE5d@% A, BT AFBAEARME G A FEFEEFESERA T2 E2GHH., ATRHA
B AN SRR AE, RIS IURL B miet) R BRABRYALS G AFRE, MEGHFE
FTRBNAT L, #ATTRALBNEE, 30 F2 5 5FE T XA cross-talk R4JE #F

A EZRRFOQRATTRE.
Xitia

ARG RSER. SEFEML. ERE
RREESRE T, WURRET 4 M A 355+ EE MR .
T ALRRET 4E 40 M 70 A 52 B 2 R A FI R R (K 5w . i
FREVFFURIL, 1 RIBAFERE S 25 SRR
Y LIRS T+ RBERIMER, TIAELId R b, ¥
RE| T ARREAR I #=RETTH, U HEESH
SRR il A SARERLERIFLE.

1 AL 4ERERIFFE. KR, {ERARS
RBIGE

JULESCET 4 4 P & — T 22 A VR ) S R P 4 ), 2
B, HARFES T A 4 g - AL 40 2 1) @), &
1A RSN & E (o-smooth muscle actin, o-SMA) B,
HMRANA RE AT T BB WA FER IR,
A B4 B4 S (extracellular matrix, ECM)f¥IHE 73 K
TRET 44, RARA AN LR =41 & ECM 1)
FERIRA . MF 7£ &% X V.(wound-healing res-
ponse) MIA R YA AR PP T+ EBERAG, 1
B . BEEMARNAENL. SHKBHEE
. HEURGE ., JER LT B SE  FE AE R OS5,

MF BEE Z/MAFEREMEARD. B &R
HEW, BT O RK ZBZ AR R BEHSC
(hepatic stellate cell, HSC)if i #& v LA (b5 4 MF
Ab, AR AT 4E 40 il it 4304k, SMC(smooth muscle cell)
g e R ET Bk MF3; 546, LR 41H
(epithelium)ifi it EMT(epithelial-mesenchymal tran-
sition) th 4245 1UE B AT LAFE A0 h MFUO); fifi o P B2 40 ffd
(endothelial) th 7E Bk & & 4t (vasculature) ) & B 4 &
BAA M FRIE o-SMA W8] 78 40 R AR e 11, 78

WURET AR, F1%F; S22 (6 S ¥ Rigk

RSB ELSEIER T TGF-B RIBUX B BRI, F4k,
‘H #fi(bone marrow)7E FZRktA G A, . MiLLR'E
YA D ARIE B R [ MF #ARRe 02,

7EIEH PR Z it 2+, MF g 58 FAFAE,
RfE O s, &aALRBRE. BREAREMRE
HIS AR, MPEAE 7040 @ 58 s K A T 25, T
RAEHR PR, H WG KR T ECM, 7241
Lyl BUFIEF ARG R EWRR, Thiel B
I, BASHAHNY, EAENITREP, MF Rik
o-SMA R W4EEBThEE, rEBEHRE 250
&, FIR AR ECM HIRE S B0 38, RIRERE
¥m. MF RiA¥E RGN, 5 ECM K5/
i, 3 BBERE R REF, flin: 8N EEKET
(VEGP). IfiL/Mifi74E K- (platelet derived growth factor,
PDGF). ¥#4:KFF B (transforming growth fac-
tors-B, TGF-B). H 4l i/ % -6 (interleukin-6)550%, i
ik 35 4y A0 B 43 WA AE F ISR 2 A AL R

WLRET 4 40 BRSO JE I dn iz 5 2 MR, 25
BERBRKEEERERERZEEEVINEKR.
MF TE R IEE A B &), WRIIFEAFE, ¥
SRS K, BlIATE A B KT 4EA LAY
EHER. MF R TS X —#E, 7 LAME MF
ESERIE R MR JEIRPE ki, ERX—IRES
55 TGF-B1 MIFFEERIE UL & ECM & 5 AN Wi AUAH
i, BET LIS MF REMHET Y. T2
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SEH, 246 T I MF ) a-SMA 5B TR 5AZHE
THRXR, Fln: TGF-B1 MIEHIY. MXHEKE
F. ARAKFERE. ERNIENAEERE, B8R
A A 5 AAR i B on AT AR 4E AT .

HAT, $iKRBEZHRXTEHEALBER G
MF 78 R I ANHLEI R : ()20 B A B 5 ) R T8 5l
i8I Je4E 4 TSR ER IE MF #T2, AR LR AZFH R
(granulation tissue) . J (FIRE T Bl JE #2A T IR 3 B4
FABE 05, (2) 38400 T RO S B0 40 A - o P e £51)
W A B URET 4 40 U AE = % FE 3G 7 T T T o-SMAY)
RIEBIHF o-SMA EHMEER o-SMA B P47 4E 1
41 Jf(0-SMA-negative fibroblasts), X 45 T # A5 5
TGF-B1 i #1E F (desensitization)!'®,

2 AL LTEMEBD LI NZERE

MF [ — R 2, 232 i A
T RESERAAE. £XAEES, TGF-B #IiH
BEACEZIAS EMERZ, BRENAEET,
TGF-B it 5 4l MR [f & 22 / 73R BRI X TGF-BII
TR 1 RUSZARLE 4, SIS AR 1Y) Smad2/3, 2 RAE
WAL, 5 Smad4 A TEHRE &Y, HRENE
W, tEAEREFSERTIIGE, TIEMARXERTK
FikW, [ TGF-p 5 & SEBAEMHLIEHN,
f14% PDGF!7, FAKU'$), MAPK P3818, Rho!"*%],
INF-y21, IL-6021%, X4 PR ¥ 3t [F) A 8 T WA 4k
AL ER AR, HoR INF-y 2 —DMEES R 2K
K TGF-BRHLE, TN AT 291E
JH, BEG50 I TGE-B 5| i L 4T 4k 40 g 7 (e A g o
FRAG s, g S E FEXT MF 540 89500 B
B 205 TGF-B ig K6 R Z Bk %
2.1 AR EF4E 4R RERT h SRR =AY B R

77 2 PR R B B4 502 RN 0 A R ) AR AL
MF HI5r e B T e, 3 AN RH L Z 2
i, ZHER R BB B ) S I SE R K 2 R BABA 20
T AR IS JRUIX R ) AR E R B MF 12 5. TGF-
B1. fibronectin fJ ED-A BY AR (A D A1 Ji i) o S
FPRABIA K2 S 4 o-SM-actin BHHERIVUREF
Ha =T EEZRR.

KEHISLIAERH, N Xt MF (040G B E
SOm . 2R A0 P X e AT f S e s R T LB AR AR L
RN, T MF 7EARRE 40 R R T, a-SMA
FIBH M A B AR, RE KA 1 F R MF

B FEEEEFEW, ZEAERAR S, %N
1% 5 MF 0 R340, {3t T Buet 441 i o) MF 1)
B LEE S, o-SMA fRIA B HEER R EA -
B B IN(EE 1~6 K)o BTEA, HRTHIGT HiEEE
S ARl I R SR BRI 4E 2 BRI 2 IR
HH, M4 MIE A R 40 i SR 4 I TE LR AT 4E 4
Mt R iR E 0 R RREER . (ER, MF
R, 8. £ ERIN R, £XA
R R Z B RAME S @R R ?
2.2 ANBLAFHE PR R 1 F R A E YRR —
AR AT LmpRan{a B ED . %%, RSN h

MF J2& el kS0 R e ? B MF7E 41 R B i
T2 R ] R N RS FE B R AL 2 BRTE =4
FEEH S F RV R K2 (1) E41 iR
FRAEAE 1 U TR (2) BECE B FHIN T
AN, (3) JLM MR B ECM E B RS
S A0S, ,

o-SMA, —FHEh & B A, BT LAE4 =k
FZFMN ), AMNAELL R E A4 b Py ERHAE
H, 3BT UMER—F 2 S8, ERNFERE
T B InEAER S5 F R RIS, 7E MF 1, 4
= A 4R 1 5 SMA SERITEA A E - /e, B
FEAMER 12N 1B AT LAY N SMA HIRik R . 7Elt
12, Rhof5 5 1%, p38MAPK(Mitogen-activated pro-
tein kinases)ifi %% 5 a-SMA RiEH HEVIHIR KRB,
A RS # BE(immature focal adhesion, immature FAs)
(~1 pmd), 78— 43 eI i AR5 Y. ) SR (R 40 L #
TSR b R4 47 4, a3 2k e RE, 55 e AR BARY
ARG O AR BEE 0 RSN e E
70 B P R D IO RREE, PEAE T BUEEE BE(mature
FAs, classical FAs)(2~6 pm?); 7E MF 5Lt R, 4
FEETKFRILN a-SMA /S 1Y ) 4 4a s 1,
mature FAs#t—35 % & i 48 A &4 B (supermature
FAs)(>6 pm?)P2, RERMFEEDR, BARERUL
HERBEE R B TS TARREESTEAR, €17
F 35640 fa A %) ECM DA R TA B K F-4i fa S b
A HARRS, Fibh, £ MF g2, AE
W BB BEAE N D R AR A S RS T E R
BIVER . B TFHR M MF B h 4R 4E (R AN AL 4 4
SR T —FhE R Bk D H R RR AR 4, HES) A
R,
2.3 WEEIS TGF-p iAMKERMXR

TGF-B %f MF s LR EF T4/ 2 T KR
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FIRFAIESE . T8It S o-SMA ik I8 nk{2i# MF
534k, TEA RS T A4 DURER R T B
VER. A4, J1EMKFE T MF H TGF-B RiEBH
IR ARLIE ? BFFT R IR, 3B FRIEFAhr i M LA & 5t
HSC 4 kA7 A [FIFE BE Rz, 45 5% 78 TGF-B Ik
Rt 5 HSC BTS2 B 125 hAE 2 31 24 /et 2 IREL
PSR, Fufd 5 HSC ) TGE-B i mRNA Fis B AT
AP TGF-B mRNA fIRIE R, R % Rho 55
WS 5T h %S K TGF-B &KLY, AMJER
HL D, 7R RIBI ST, 454 RE4H i 1) MF
B 7ML B HIIN, o-SMA FRIZRIZA Bk th B
RIRBOG TG N(1~6 R)*. BB, ¥R mek
ZT o-SMA HIRIEE, ISR T 40 & 3E 4R,
Em T 4 R BE S 45 @R . T TGF-B
YE 4 Wi MF 4346 i B 2245 538 % 1) TGF-B/Smads
55 @B EBRA NS, 5 ¥ RNSERE
FEVIFIBER . Merryman FCIBFFTRE, FEMRIHAHL
81 TGF-B1 BI3EEMERT, E3hAKIRULRLAT 4 40 Ha
I E T BA R o-SMA IR B HELh R, 36 B
EG SR R FA Bz A 5 & X TGF-B1 /EA T a-SMA
MREEFHEKMBE M. AR, HENHH
TGF-B1 7] St R ERMASUE TR 4b R R fE
MF 74689 57 — b &) e R 11K 281, Pierre-
Jean OO AR MUMRAY. ) AT L #:0E ECM A
KEAEKEF . SMERHHEEFRI MF DA K3 b MF 41
JHE P Y 7 AT DA B B30 ECM A ¥ 76 1 TGE-B1 (latent
TGF-BL)TENE, EAN T FRE R AE Y. ) A7 4 DL S BB R
FIE IR TGF-B1 B4, 3+ Hi&7EH) TGF-B1
FRI Y. ) G 32 BB IR SRR R R . LA, B
HFBORE M MF A 2 s S R, X414

B, GOREURALATENSERRAEEER L.

3 ARERINFESE G

HRAKIGESHES, PRBLANLNEY, TEZE
BAPRIIEN, G SHIMSRF, SFMEESE
HAHE 0, M EAEF . Ingber™HAh: J)2E 4 SHLH]
ARG SEBLNAR S, TEEPEFERN )1%
BUREI 2T AN B A . T S B R T
ARBAFEMEE. BER., SR ERETR
. AMERL . B MBS ERE R KR
HIAKHAEIE 520 FHOAARIE N #F R RN H
R

AP 1205 SR R A R, AT e R i 40

P22 R T I 23 A OB R S BRI 5 B A AN e
X AFEE SN ERNRMN, TRRZEETEES
KT R EENRRI . EHFRBIERT, W&
MM R AERESENE. ROZEEH A, 5l
RIMLEZRAAE ST RLRER N 51E 41
&% LR — 2, mikih. R, #Hf, &
A HAMRNITHIZF . FHRETHRSESA
“RREDT ThEE, FERRIBAE 5 1% AUE A A
FHRSE, FIREEN “NE”. MEXHMBES
FEFHBMIARLERAES, WS ABER - ARE
Rek . BB FHEE. G BEAKBEIRE. B
el C M2k 5 ¥l C <58 £ 7T, JF har s IR R K
B — SRR N AEEEAE NP EEENT
SHER, XY R 2% RS 4, A B I
FI RO A0, Hinz"HA Y : ZELF4ELIEIR A, fLF
B FIAES 1 FMAA SR SR R AR AR . P,
BAE G415 S X MR R R R R, 1% 45
AEUEESHFARBESHA, BLMANEESS
WEEAFS Z A i cross-talk, 3 UEFRATTXE 40 ML B 425K /)
BE AR AR5 S5 HBGR

4 RE

IR ET 44 40 P WSC 4 14 LA e ECM B PR 2%
FREFHEALIIA  FEAERI=2E . JEIRIIE AR LA R Bt
JREREAEERIRKE . TX MF LR
BRI AR A R BB R L. TR
& BELWT MF W48 LK ECM RS, 320 5 1 1974, B
EXHEESHBM. &, %%, 2% MF KHE
TR 2 9 IR IR T MR PR — R B B AR
A5 5 5G5S 2 E /Y cross-talk, KUK J1%E,
WE(E S 5EY A S Z I EAE VU, ¥
SXNARESHIVHEL — T ETE.

B E Wk (References)

1 Hinz B, Phan SH, Thannickal VJ, Galli A, Bochaton-Piallat ML,
Gabbiani G. The myofibroblast: one function, multiple origins.
Am J Pathol 2007; 170(6): 1807-16.

2 Hao H, Gabbiani G, Camenzind E, Bacchetta M, Virmani R,
Bochaton-Piallat ML. Phenotypic modulation of intima and
media smooth muscle cells in fatal cases of coronary artery
lesion. Arterioscler Thromb Vasc Biol 2006; 26: 326-32.

3 Hinz B, Celetta G, Tomasek JJ, Gabbiani G, Chaponnier C.
Alphasmooth muscle actin expression upregulates fibroblast
contractile activity. Mol Biol Cell 2001; 12: 2730-41.

4 REE, HEK, FTRE. RNFERREFELTERY
R BRI . BB 2007; 38(1): 78-80.



958

10

11

12

13

14

15

16

17

18

19

20

Oberringer M, Meins C, Bubel M, Pohlemann T. In vitro
wounding: effects of hypoxia and transforming growth factor
beta(1) on proliferation, migration and myofibroblastic differ-
entiation in an endothelial cell-fibroblast co-culture model. J
Mol Histol 2008; 39(1): 37-47.

Georges PC, Hui JJ, Gombos Z, McCormick ME, Wang AY,
Uemura M, et al. Increased stiffness of the rat liver precedes
matrix deposition: implications for fibrosis. Am J Physiol
Gastrointest Liver Physiol 2007; 293(6): G1147-54.

Peters T, Sindrilaru A, Hinz B, Hinrichs R, Menke A, Al-Azzeh
EA, et al. Wound-healing defect of CD18(-/~) mice due to a
decrease in TGF-betal and myofibroblast differentiation. Embo
J2005; 24(19): 3400-10.

Horan MP, Quan N, Subramanian SV, Strauch AR, Gajendrareddy
PK, Marucha PT. Impaired wound contraction and delayed
myofibroblast differentiation in restraint-stressed mice. Brain
Behav Immun, 2005; 19(3): 207-16.

Wang J, Chen H, Seth A, McCulloch CA. Mechanical force
regulation of myofibroblast differentiation in cardiac fibroblasts.
Am J Physiol Heart Circ Physiol 2003; 285(5): H1871-81.
Zeisberg M, Kalluri R. The role of epithelial-to-mesenchymal
transitionin renal fibrosis. J Mol Med 2004; 82: 175-81.

Frid MG, Kale VA, Stenmark KR. Mature vascular endothelium
can give rise to smooth muscle cells via endothelial-mesen-

chymal transdifferentiation: in vitro analysis. Circ Res 2002;,

90: 1189-96

Hashimoto N, Jin H, Liu T, Chensue SW, Phan SH. Bone
marrow-derived progenitor cells in pulmonary fibrosis. J Clin
Invest 2004; 113: 243-52.

Yang C, Zeisberg M, Mosterman B, Sudhakar A, Yerramalla U,
Holthaus K, et al . Liver fibrosis: insights into migration of
hepatic stellate cells in response to extracellular matrix and
growth factors. Gastroenterology 2003; 124: 147-59.

Zhang HY, Phan SH. Inhibition of myofibroblast apoptosis by
transforming growth factor 1. AM J Respir Cell Mol Biol 1999;
21: 658-65.

Hinz B. Formation and function of the myofibroblast during
tissue repair. J Inves Dermat 2007; 127: 526-37.

Petridou S, Maltseva O, Spanakis S, Masur SK. TGF-beta re-
ceptor expression and smad2 localization are cell density de-
pendent in fibroblasts. Invest Ophthalmol Vis Sci41 2000; 23:
89-95.

Ng F, Boucher S, Koh S, Sastry KS, Chase L, Lakshmipathy U,
et al. PDGF, TGF-beta, and FGF signaling is important for
differentiation and growth of mesenchymal stem cells (MSCs):
transcriptional profiling can identify markers and signaling
pathways important in differentiation of MSCs into adipogenic,
chondrogenic, and osteogenic lineages. Blood 2008; 112(2):
295-307.

Ding Q, Gladson CL, Wu H, Hayasaka H, Olman MA. Focal
adhesion kinase (FAK)-related non-kinase inhibits myofibroblast
differentiation through differential MAPK activation in a FAK-
dependent manner. J Biol Chem 2008; 283(40): 26839-49.
Cho HJ, Yoo J. Rho activation is required for transforming
growth factor-beta-induced epithelial-mesenchymal transition
in lens epithelial cells. Cell Biol Int 2007; 31(10): 1225-30.
Masszi A, Di Ciano C, Sirokmény G, Arthur WT, Rotstein OD,

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Wang J, et al. Central role for Rho in TGF-betal-induced alpha-
smooth muscle actin expression during epithelial-mesenchy-
mal transition. Am J Physiol Renal Physiol 2003; 284(5):
911-24.

Giannopoulou M, Iszkula SC, Dai C, Tan X, Yang J,
Michalopoulos GK, et al. Distinctive role of Stat3 and Erk-1/
2 activation in mediating interferon-gamma inhibition of TGF-
betal action. Am J Physiol Renal Physiol 2006; 290(5): F1234-
40.

Liton PB, Li G, Luna C, Gonzalez P, Epstein DL. Cross-talk
between TGF-betal and IL-6 in human trabecular meshwork
cells. Mol Vis 2009; 15: 326-34.

Eickelberg O, Pansky A, Koehler E, Bihl M, Tamm M,
Hildebrand P, Perruchoud AP, et al. Molecular mechanisms of
TGF-(beta) antagonism by interferon (gamma) and cyclosporine
A in lung fibroblasts. Faseb J 2001; 15(3): 797-806.
Kamifirska D, Tyran B, Mazanowska O, Rabczynski J, Patrzaiek
D, Szyber P, et al. Gene expression of INF-gamma, IL-10, IL-
2, IL-6, PDGF-B i TGF-beta in kidney tissue after renal transp-
lantation. Pol Merkur Lekarski 2006; 21(122): 148-50.
Tomasek JJ, Gabbiani G, Hinz B, Chaponnier C, Brown RA.
Myofibroblasts and mechano-regulation of connective tissue
remodeling. Nat Rev Mol Cell Biol 2002; 3: 349-63.

Hinz B. The myofibroblast: Paradigm for a mechanically ac-
tive cell. J Biomech 2009; 9: 1-10.

Discher DE, Janmey P, Wang YL. Tissue cells feel and respond
to the stiffness of their substrate. Science 2005; 310: 1139-43.
Hinz B. Masters and servants of the force: the role of matrix
adhesions in myofibroblast force perception and transmission.
Eur J Cell Biol 2006; 85: 175-81.

Junker JP, Kratz C, Tollbiack A, Kratz G. Mechanical tension
stimulates the transdifferentiation of fibroblasts into myofibro-
blasts in human burn scars. Burns 2008; 34: 942-6.

Wang JX, Christopher RZ, McCulloch A. Multiple roles of a-
smooth muscle actin in mechanotransduction. Exp Cell Res
2006; 312: 205-14.

Wang J, Chen H, Seth A, McCulloch CA. Mechanical force
regulation of myofibroblast differentiation in cardiac fibroblasts.
Am J Physiol Heart Circ Physiol 2003; 285: 1871-81.
Dugina V, Fontao L, Chaponnier C, Vasiliev J, Gabbiani G.
Focal adhesion features during myofibroblastic differentiation
are controlled by intracellular and extracellular factors. J Cell
Sci 2001; 114: 3285-96.

Boris H. Mechanisms of force generation and transmission by
myofibroblasts. Curr Opi Biotech 2003; 14: 538-46.

Sakata R, Ueno T, Nakamura T, Ueno H, Sata M. Mechanical
stretch induces TGF-P synthesis in hepatic stellate cells. Eur J
Clinic Inves 2004; 34: 129-36.

Merryman WD, Lukoff HD, Long RA, Engelmayr GC Jr,
Hopkins RA, Sacks MS. Synergistic effects of cyclic tension and
transforming growth factor-B1 on the aortic valve myofibro-
blast. Cardiov Pathol 2007; 16: 268-76.

Wipff PJ, Rifkin DB, Meister JJ, Hinz B. Myofibroblast con-
traction activates latent TGF-8 from the extracellular matrix.
J Cell Biol 2007; 179: 1311-23.

Attisano L, Wrana JL. Signal transduction by the TGF-B
superfamily. Scinece 2002; 296: 1646-7.



FRE =55 MR RS R N EE R RN EE SRR 959

38  Donald EI Cellular mechanotransduction: putting all the pieces. 41  Liedert A, Kaspar D, Blakytny R, Claes L, Ignatius A. Signal
FASEB J 2006; 12: 811-27. transduction pathways involved in mechanotransduction in

39 & 38, % 18, XMEH. REFUNNESHEARITS bone cells. Bioch Biop Res Commu 2006; 349(1): 1-5.
MI71% - LS 528 MREXS5ESXTE 2007; 4: 308-12. 42  Boris H. Tissue stiffness, latent TGF-B1 activation, and me-

40 L B, REER. DFREEFSAATES AN, B chanical signal transduction: implications for the pathogenesis
SMNEZCBEES ) 2002; 23(1): 40-2. and treatment of fibrosis. Curr Rhe Rep 2009; 11: 120-6.

Effect of Mechanical Factors on Myofibroblast Differentiation and
Mechanical Signal Transduction Pathway

Guo-Bao Chen, Qi-Ping Huang*
(Bioengineering College, Chongging University, Chongqing 400030, China)

Abstract Myofibroblast is a mutiple origins and heteroplasmic cell, and has an important role in liver
fibrosis and wound-healing response. The regulation of myofibroblast differentiation by a variety of cytokines and
signaling pathways, mechanical factors and the corresponding mechanical transduction pathway has important
impacts on their differentiation. At home and abroad it has become a research hotspot in recent years. In this article,
research progress of origins and the mechanical factors which impact the differentiation of myofibroblast, corre-
sponding mechanical transduction pathways, and prospect the cross-talk between mechanical signals and chemical
signals in the main direction of development in future are discussed.

Key words myofibroblasts; mechanics; mechanical transduction pathway
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