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& &5

(TR B T RSB, TR 400030)

WE A E k@8 (hepatic stellate cells, HSCs) A /2 T >t K 2840 14] [ (Disse 8] F2) A, FF4F 4
it A2 b, A 2K aa gt A% oA A SR Y ey . BLA 3G 7 Y ) RO 45 1 84 UL AR 4F 4 48 e (myofibro-
blasts, MFB). 7 F RS0 e) LR AT 2R e B o A AR ER A, P RRe %
PR AF R IR RS F BT LR R A9 3 5. % XHSCsty 4645 01k R AR
Fo ) F A BT HFrh . TR F R AR AT A E 6 Rk,

KA

FFFIs £ B AT AR s (R A0 4, il A 4520104
9 BE T I 28 1) 0 IR A 2 S8 s o s R I R I
WA 145.71/10 5 A7 TR, JLF BT A I &
JEH AT LT A XA B, Wi EE v L
Wi~ SWEVEI 28 55 21 YAk 2 i A6 DL )5 (extra-
cellular matrix, ECM) K & iR — Pl 250 72, H.
A LD PR A2 A T o3 BT 4k A e dh
IRFSC o JH 27 2tk AR AT T AL IR 40 Hd (hepatic stel-
late cells, HSCs) 3 ft., 7 L [IHSCs i 5 3= 21 i
AN S5y W6 41 . HSCs A7 7E T T JIE ) Disses ] it
W, i B ASHSCs 3 2R & 5 A IR, Z 54k %=
AP 4 H 52 20 B4k R 25 50005 B X 4 5 A2 )
DRI 22 iy, HSCsH s, 25 2R e, et AW
AAPE B A RAK RRH T A 5T I 1R JUL RS 2T 44 4 i (myo-
fibroblasts, MFB)**!, HSCsr£T- 44k, Fyisi 4 5 1)
FA A, T 7257 PR 1) 2503 2 52 M 3 A 1) B2 1
2 — o HSCsIuG It A2 rh b S 1) 3 BEA5 5 Il A
TGF-B-Smadfs 5 i % . MAPK(mitogen-activated pro-
tein kinases)Z Ji il 4 FIJAK/STAT(Janus kinase/signal

transducer and activator of transcription)if i,

1 2R o Lk
{EAEHLRA T, HSCRL /)N Py 414 B Disse
JRIY), T Dissell 55 ph A i B RE I O, 200
IV, VIR, Fve—tesy i i oy 5 41 i 92 4L
SUFA L, B2 BEIFSE TR KGR S b o A IE T

AR AN ML BT £T 4 ; SEIRAERE s )27

RSN, TP 40 B 255 A O 40 i 1) S 38, Ak T —
T BRAC U B2 PR . T8 4 R T8 7 4
i DR R 1 A ) PR S T ] A FH THISCs,
SHHSCsTH L . KIAZ R A A1 5244
B R ARSI B ok = B AR 2 . HA ek,
X R PR Ay WO B 72 53 Ak (transdifferentia-
tion)!*>%, HSCsHr&LIE M il T 241 41k (hepatic fi-
brosis) 1] A& A= BA S AE X — L B2 H B IEDisse ] BR A A
B Ay . iS4 IHSCs & R i i, K B AL RECM,
] I 7] LL K B o-IL 8)) 2 H (a-smooth actin, a-SMA),
1 a-SMAF YEHSCs - ByE b fbrid s P 3%
A (PTHSCs [ Iy 28 L ST % (R Re 2, 0 3 R 2 1) 26
I X 55 DisselH] B 1 0 58 1) 2022 % V) AH K o Dissel]
B WHSCs 2z 7 [T A% 22 48 X 3, 3 BT X IS
EHIHSCH H 1% 2P,

15 AL PJHSCs7EDisseli] B (1 1E 7 20 24 PU AN HLAK
Iy EIP R ORI BT R T, 4
MO 26 J 2 A e &G B Al BIT RS R R, FERf A
MAEZREAMSISEL. 4 EAMECMZ 1] %
MBI ECMI R, 2 51T 8% 82 1 s 2
(1) 40 B i 42 2 WL 30 B (M. HSCs T #8455 P X
AR LR, A S, B A7

ek H 49: 2012-06-28 He52 H 1) 2012-08-28

oh g v R A R 55 2 BT & 350 AR FEHA% 28 T H (No.CD-
JZR10230016)%: 151 H
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SRS KEWWHSCs. RPN S ARSI S IHE 52,
T ACHSCsIWIT % 5 A ZUE 5 A YAl R 5N,
I T A% 2 A0 2340407 S S0 I N P 06 75 1),
G T4 A0 DR 2 e B DR - TR 48 A/ BRECM
55 e AR, SRR A0 M AT e 4 T Dissel]
BRI 355 1 2048 . vEALHSCs L B 43 5% 5% 43 A 1R
B W B R A M A . Bedr 50 R W, AE A
41 M N 15 5 43 1 I Rho — i 12 ™ 1 i(Rho guanosine
tripposphatases, Rho GTPase)7E i 2 A1 15 4l T %
R A E R AR

J7 IR T 1 A8 RFHSCs IR 84 8% o0 A A ki
SIS R, H TS T )57 07 U 2 1) 2 SIS il
J&& KA IMEE AT HS Cs A 5 o

2 EEREENHSCs:#: 0 LY Nh
HSCsARS MRS 3 A A R W1 23 B 1 Js AR 4
W35 IR AR DR R I B 2 R R b AR AR SR
T LR, 40 Ak T, & &I, LT ASR
DL BEIE A AR b . FEFRTR UL B 40 i 4 722 Dk i
WA, ERNGT, AR B UL AT A 40 I 1 R 1,
KiLa-SMA, wEAF A, BAEAARRE ). X
—ARANE TR R R e SO AR R HSCs I AR W #685 4)
b, FEHSCsIAR AN T iz 3 MY, B ik 5T i
LT AN I AR o S ECATE R 0F L () 5  o
A4t f2 o, JHFIRECMIR) Ul AR el 1F
RS T IIL06E, A AL e th & A2 748 1k, &AL
HSCs Ay d5 T2 10 M A0 G S5t 70 W 40 i, /6 JH- 21 44k
HEFE s mE A AN, fEX—IRE+, BN
FER A PR IGIN T, AH S T E A B
Lo Agl e A T AR Ak, S 2 RHR T LA 5T AR A o A
Z A A4, 30T AR R B R JE R
4> Je 3 1 5% i (matrix-metalloproteinases, MMP) &
P TECMAR I f EEL IR, AT 1 Ca” i Itk 2 1
AU, MMPYE A7 AEAS R KBS, H BriF T bt
B2 1042 4 JE B 11 T 75 (tissue inhibitors of metal-
loproteinaes, TIMPs)X} H: )1 15 . TIMPs W] i jh 45 &

TELT Yl 2k Bt Bl M AR TR DTS,
HSCsPIT AL 2 e A B 32 W 84 o«

AN S 1K) 73 2 PR BT (R 02 SR ) e
ARG AE . AT, e R, R
AT B A B, P AKE SRAE B2 XTHS Cs AL R 52

M)l Ay JHF B2 PR A0 AT 0 408 ¥ — /N i . Friedman
LRSI ) B H (R AR 40 P 5 R A R IR b, i
A 50 R IHS Csilf ok 45 #4 FABUA N 1E 5 [ HSCs, AN
SR A, DR ) 4y Wl e W) /T R R A R
KL L fUHSCs. Y3 4h, SoharaG b6 i Ak, 1 AL AR
S0 M BPIVLRSCET 4 20 B3 IR A BE IR b, KRIAMFBs2x
FRNE, AFiEa-SMA, 25 4 E B0, Sohara
(1) S 56 22 B, B IR AT A TR E 0 75 A6 JHSCs ) LA
HAR N ER RS, AT A4S MUK e ? A
G, HEJFURSRE — Mt R B (R AR ) BT 400 Palfty
FRILJEARL, ) AR AE P HSCs R AL, i
5 ()R B B89 I INF, HISCrs 1) % 2 43 A 3 5 -t 184
YeungZ§P, EnglerSPU i1 45 SR W oR, 40 k77
FEFPE R AC400 Palt) LF b, K591 K5, HSCs
WS, BodERARHMME. EAXKEENS
T2 A0 MR AL B, A 1T 8% R AT 3 Pk R K 8~22 KkPalf)
RS R b, AR I 3 A A% . Olsen
AN RIE G 2 B, B o 2 RS Al FE (1 38 i, HSCsi& ¥
AL AMFBs o 3K — < S JEC R FE 11 7344 75 ZEHS Cs
R PR TR A UK D)7 . IX SRR AR B
TR T B AEHSCsydi A b o A Ak B AT

HSCsFE RS 73 A A LT EVE NS ET 4R 4 i, e
I %2 il i TGF-B(transforming growth factor-beta)-
Smadfi 5 1l B S DL . FE 5l B AlISmad3 #EHSCs
R VER AT LA AN B, S B B
WA T B I JE (P a-SMA R IA (343, 5 B BOE
WA T TGF-B-Smad {5 5 1 % 11 &6 45 B 1) T8 B .
JJEF 4 (A %™, TGF-BH #2851 #2 /E H T HSCs,
PEREILIG Ak, 4 0l A2 UK 2 I A A P i e AR
Smad & TGF-B/i5 5 4% 1 i 1 2 —, HSCsid &1k
Smad3 J¥ i £ 1 R A5 BE Y ) AR 4P . Wells!PHA
k1, Smad3 AN P 5 A& SNHSCs R 18 43 4k, T A& v 8
o-SMAN ) 41 4 J& 15 41 3%, AR ARSI B o 4h
FHo-SMA IR IA L€ I, B A] L, Smad37EHSCs#
BB G EEEH

3 HFMEIHSCsE ¥ E RSN
HSCs 5 1 1k R B I 2, TRk R 21
P8 0 G 2 PR A s 1) T S DRI 7E 451445
L, THFAN AR i B JB SRR A 5% J% Disse i) 557
FE, S35 A 2% Disse Al B A s g _FTHRST; 78 IF£T 4k
AR JE IR R T, B T e 420 2E R, TP /N
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Az, DR RCRT T SR K, 1 R R AE )RR B
i, JF52 ) Disseld] BN (1) sy oxifi—20 Bob. 52
FEIEH S5O0 R s f 45 mmHg /e A7, T RE Ak v B
40 mmHg™*, 52 &y 09 T+ i gk 1k N TR] B
(R AR It B, T B B A A R ) (1 38 0B, 25 & 2
HSCsfift ] % b P b 47 B, 72 4R difb dife b, )
PR ATHS Cs A A5 H R 5210

AL g2 IR W 7 A R s m ks
BYY) 7, LSO g i S5 5G4 HEAECRE
P i I 22 o) JHE A R 40 A 4 v A 1) 52 e Y i
3, 8RB, 2011)— SO RIS AR, A
PR 10%, 223 31%20.5 Hz, 24y 16 [3)24 h, §8
R RHSCs TR Jie I FE DAL () 20, [i] bsf o oo J) J
5K N AR B 5 25 e HEHSCs 19 5 R G AL, X — i B
M MAPK (mitogen-activated protein kinases)fi5 5 il
B, G FRavB3 2 A I 5K N AR 1 F T HS Cs ) G
554> 1. Sakata®5B PR HIF 58 % W1, 75 R b7 A i 14
JNTGF-beta mRNA K 4 [1 434, Rho 5 fr il i & F
TGE-BE A B VIR R 12 A B 5 i i i A 4
JHO ERL - 4 B Arb, 3 T LR e A A O il (1) 2%
1%, WGotoE A S R I, 511K iy s BB B,
I EE AR AT LAHE I ALK 40 BRMMP 1Y) 73 3 S5t -9
/bTIMP1 & TIMP2[f5) b 5, B4 IHECMIFI P figk .

PRAN ) I HSCs I sE Mt 5| TIR £ 244
() G TE . WudER Okadal™2% [ #f 5% 2 W, HSCstE
10~20 mmHg. 1 hifJ 4 ~, JEH95E SRR IR IR ik
AT, SR 11140~80 mmHg b A W Sk 540 .
XA AR ] §ev & Srefg 5. ERK(extracellular
signal-regulated kinase). JNK{i 5 il i, 5K 2% Z84F
CHs 77068 JHE LR 40 1 A 403 P (5w YR 5, 2
PR R A, 2009)— SC A ST AE AR W, KT
10 mmHg 2 HSCsfA 4= 47 1F & M 855 s Jy; ik 10
mmHg, & B A HSCsI) 5 75 5) 448 4 15 AL HSCs.
LRI, e ) B2 2 (e BEHSCsIf 35 . Type I col-
lagenflla-SMA7EmMRNA L 8 (7K V()46 1k, {2HSCs
W95 5 A A 5 B 2R (integrin) AH G 1) & A5 BET
fi(focal adhension kinase, FAK)[1] [ F& i 1 A0 AH %
HSCs#ik Z ML A HEG 2, avp3 R 2N
2 —, T ERK1/2, MAPKsiH {2 HSCs ) 1 5 £
T3 AN R, AR NHSCsiEAL L FEH, avp3
FiEKF- B, FAKTEEES RN FHE S ST
RIEAVER], ECM-#£525 . 4 M 48 85 A A e i &6

FR RS FEE SH I MEERICY, frff T
(IFAKIE TE & 445 2 O 1, Zhang 55 P77 A IR,
JE PR UBR b7 BE 59 00 B B A B 135 SR B R IA,
MFAK(Tyr397)0% Joi, % Sre SH2 5 & 55 #i1, FAK/Src
HEU AT T8 MR SR Sre/FAKE
E WAL R T Akt ERK, X Pl 57T LLIE
o D70, JFAEHSCs IG5l rh A7 H B4 P,

4 R ERHBaRT 15 E =052 HY ] gEA Hl

BEJeC A P AR A it N A D R e, R T A
WS SN S ot T MR TRAF AR ) 2 UK 2
A, XL ARG TN ) A A5 o I I8 40 i R
Sy FIRIEf IR R M, 28 )5 5 AR B
AE T, M A B A 2247 o ARkt
RRM, BRZ 0T MW RRE K S5 RN )G
1A 2 e AR (A 1E12)), IECML., - 4l Jfid-ECMIE 2+
g0 —2n s e 0B RSP, R S AR B
D 0N = RS iy e o AP IPS P N R el T VA
KBS A = Fhigte: — 0B Er & i, b
BRI 2 30, 2 ) AR TN, lIE oy 1%
5K ITEAS R AR, (A IFIF R /G P e AR AR Ak,
Ty R R AR BUB AR B -8 T LUK gk 0 R A i
B4 B 28 vh, 38k B ) e S e S g, A
T AT FFET o A R S R A S ) 40 i
JEAZ, A D151 EE a0 M B A 5k I 1 kAt sk Iy
Ak — 2 5 2L A4 A A8 — 2
B B A oyl s R A G 5

S 60 6o 35 JEC A R 11 g 8 s R T e D A 21 4
NIRRT S8, Hh 25U B BES R= M
52 AT Wi 2 R Tk I 1 -ou(receptor-like protein tyrosine
phosphatase-a, RPTP-o)) %5 5 42 ¥4 1, I 5 41 it 7 42
MR AMEC AR, DAt e ] LARE 40 i B 228 5)); H &
Wi2n] HFyniflg 25 2 A oA e, R — L s fr
M, ENTR A RFEER RS . U M 28 =4
Wediint, sxhrsh BEWH ), T e 5 RANEEEA
T, BBl I PR B T M A I SRS R A 2, B TR A
)N Ry T i i e S s G DR R s Rt O
gk 7, FEE B A R NG T RE .
2 7K 73 7T LA 3% i Rho FTROCK (V1B ¢, AT 5%
Wi 4 PR AR 4 27 A T

BFFFUE A R, RF 10 (1 1 o 8 T2 At
B IEE T WOE SR A G R R T T
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Mediators of mechanotransduction

Cell-cell adhesions
Cadherins
Gap junctions

Nuclei

Ton channels
Nuclear lamina
Chromatin

Gene expression

—

/

Surface processes
Primary cilium
Stereocilia

Membranes
Ton channels
Caveolae

Surface receptors

Cytoskeleton

Basement membrane

Cell-ECM adhesions Microfilaments
Integrins Microtubules
Focal adhesions ECM Intermediate filaments
Fibronectin
Collagen
Proteoglycans

IRL5 T~ MPE AW NSNS 5 A2z AL T XA GIUIH IS ECM. 41 Ji-ECMIER:. AI-0Riss. e o, $mkm

i, A0 B LT Y S A% 4

Many molecules, cellular components, and extracellular structures have been shown to contribute to mechanochemical transduction. These transduction ele-

ments include ECM, cell-ECM, and cell-cell adhesions, membrane components, specialized surface processes, cytoskeletal filaments, and nuclear structures.
El RN FESHNRARTESE SCH4011E28)

Fig.1 Mediators of cellular mechanotransduction(modified from reference [40])

S Ll B 1 S PR SR R A v T AR
)4 S MAPK . PIPS. FAK, Jf 5 4248 AL &,
SLIRUR T 40 B RE™ o HUMCR R ) 41 B A= ) 0,
(R kA, 32 S PR A U SO0 T 4 s E 1
B G R ZE O R AR R RS 2 i, 2
Ja 2 IMAPK., Rho. #% K ¥ NF-kB%55 51 %, 15
A Ih B k% P B H A s, AT S & R A Ak
UL N e SR E R, A R4 Ik AR TE A
MO RS2 AR E B oA, G — RV AR R
FS AT XL SO A T A Bk —
AL, WA S, B, R SEAIRMNITS
iéijj[m]o

5 RE

JEE IR A S0 AE 2T e A BE R oAy FEELAAE I, L
A AR AL A I T HSCsE AL, 1T £ 4t
WIEFFRELL IR LB B o SR R4 JE N JTFREAG B B v
J& I, — HB RO AL AN e T, e
HRARH AT 2T YA RE P HSCs e 1 70 AL I E 5T o
HSCsI{ 8 73 1052 1 2 BLAG IR 25 (W5 1, JX LE 4]
FI — RV IR G 5 e 1B AR L THSCs 1 R

WrEaT e R EAE N EER KRR —, i
I MCAEHS Cs P A 1) 7 27 3R B30 5% e Fov Ak 1 5
Jo—Be g i R 1 J a1 I AR I 4 Wh . RTHSCSIU
T (RIBITFE AT DAA 390 5 21 e A S I B K s, [
I 0] A AT 4R A ()6 97 S SR RO AT, Qi LA B el 1
TGF-beta Xy #L17 B WTHSCs¥ i - 11 1 245 5 5 1k
22455 2 18] i) cross-talk HL i IR BIF 9%, 85 2 1E — 25 b
78 GTERET TR R IEAR T

YRR AT T A B A, Aot e 4T
ALk 2 T BE S A BRI, 10 AT LA 2 AT 40 i
JEARYEFRE. DIREARIL. K. M IR TP A
(VAT T P JH AR IR0 P v UL R4 4 i 4,
A P X LG 5 A SR MR, IR
FUIRLEAE 5 AF, B AT 7 58 2 50 T 4T 4L
A I RE B A0, A FRATT e % R BE 22 1) T B 24
TR 4 2R YA i AR

FAi, % THSCs# 04k 9T, B O IFIRE
)2 2 I e, R R AT R BR T 00 274 5
AT AR SR A 22 A5 53X A B ) R A, TR AT ALAG
= ER=PINCIBiBORTEREE: Y 08= 2 SE0L AN 10k S R
Wi )y ST AR A D) 2 A5 T, TR FE R ) 25 5 B
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Effect of Mechanical Factors in Hepatic Stellate Cell Transdifferentiation

Huang Qiping*, Si Jinjiao

(Bioengineering College, Chongging University, Chongqing 400030, China)

Abstract

Hepatic stellate cells, which located in the perisinusoidal space of Disses in liver, would be

transdifferentiated into fibrogenic, proliferative, and contractile myofibroblasts during the process of liver fibrosis.

It have been proved that the alterations of cell mechanical micro-environment including the changing in mechanical

properties of substrate and the mechanical loading, are playing very important roles in the transdifferentiation of he-

patic stellate cell. Recently, the effects of matrix stiffenss changing and mechanical loading on the transdifferentia-

tion of HSCs have become hotspots in this area. In this article, the progress of HSCs transdifferentiation, and how

stiffness changing and mechanical loading impact on it would be discussed in detail, as well as possible mechanism

behind those phenomenon.

Key words

Received: June 28, 2012 Accepted: August 28, 2012

hepatic stellate cell; liver fibrosis; matrix stiffness; mechanical

This work was supported by the Fundamental Research Funds for the Central Universities (No.CDJZR10230016)

*Corresponding author. Tel: 86-23-65102507, E-mail: huangqp@cqu.edu.cn





