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Effect of lysophosphatidic acid on hepatocellular carcinoma cell
migration and its involved mechanisms

LIN Chuan-chuan, LUO Qing, CHEN Zhe, SONG Guan-bin ( College of Bioengineering,
Chongqing University, Chongqing 400044, China)

Abstract; Objective To investigate the effect of lysophosphatidic acid (LPA) on migration of hepatocellular car-
cinoma MHCC97H cells and its involved mechanisms. Methods Transwell was utilized to investigate the impact
of LPA on cell migration of MHCC97H cells. Furthermore, the role of ROCK in the migration of MHCC97H cells
through Y-27632 (a specific inhibitor of ROCK). Then, the expression of F-actin was observed with immunofluo-
rescence staining and Western blotting. Atomic force microscopy ( AFM) was employed to investigate elastic
modulus of MHCC97H cells. Results LPA significantly promoted the migration of MHCC97H cells, while Y-27632
significantly blocked the migration of MHCC97H induced by LPA. Moreover, LPA up-regulated the expression of
F-actin and decreased the elastic modulus of MHCC97H cells. Conclusions LPA promotes MHCC97H cell migra-
tion through decreasing the cell stiffness via ROCK/F-actin.

Key words: Lysophosphatidic acid ( LPA); Hepatocellular carcinoma cells ( HCC) ; Cell migration; Molecular
mechanism; Elastic modulus

AR D SRR M ST B S B, R P 264 noma cells, HCC) BRI EEAZHE ST , (AR ANAEBEAT T
FERIE RPN, HRBOCR AR E AL BRSO BEDIBReAS AT A5 15 10 5 T P B o v e 7% vy
RS2 B0 o i TR AN (hepatocellular carci- %], SBELIT HCC (96 RS RIAYFIN EE 5 2

%5 HH:2016-04-08 ; &[E] HHA :2016-06-28

EETIE : [H5 A RREHEA H (11272365, 11532004) , #5424 B2 R1 854 RHITRE 437 H (20130191110029) , Hh 5 5 B A RHI L 45
X PHI H (106112015CDJZR238807)

SEEEE R, %, BTS2 S, E-mail ; 50ng9973@ 163. com,



I L% B BEAS ER X BT 4 A AT #8470 MO o N R EL AR K #L )
LIN Chuan-chuan, et al. Effect of lysophosphatidic acid on hepatocellular carcinoma cell migration and
its involved mechanisms 391

— 2 AT RS 2 E L Bk DR R A0 55
5% H 43w 1 Ak R R RE X 4R AR A S R A T o R A G
SRPERIREAEN . T AAE T REEUAE AL T
VA IR NB 1% (lysophosphatidic acid, LPA) /S —Ff
ZYIREMAEYITEYERERR 7 1, BBE 2 5 P4 4N L 1T
B ST ML TS AT N IR,
LPA 2577 Z R i i A= 3R B B, EL AR B 5
I R R SRR 08 S5 s A B I AR K R
FETE  WHIERIE I AAT B B R VR BB S 2 R
TR

20 1) 1 A% ik U R B IE B WLEK
BN 5 A B 25 48 IL3h A (fibrous actin,
F-actin) fift & FUHT F-actin (15 4, Rho AH 3¢ 8K H#K
fifi ( Rho-associated kinase, ROCK) /£ Ras [a] {5 %t A
Z % 8 51 A (Ras homolog gene family member A,
RhoA) M HEE(F 500,25 1 X ek #2, M
FEA LT # o B E i /E . 7 HCC A, ROCK
I3 FBYFRIRE TR A, 4275 ROCK J3¥ AT RE[!
FHER R PRI R {2 ROCK 7 T2 Hi%S
5 HCC psE R d B2, H i A WIR . ROCK fEfE
AL 2R 2540 T2 5 F-actin WRR MR G L
it ROCK 73 [F] F-actin {9 KAEAHC . 20
B ST S A LT R R R T A R R A
HHRR B S A0 A W) 2 R R O R, AR
ST LPA /R MHCCOTH B4 h 1224k, H.
TR AR F 759 B ROCK Al F-actin 2 FHY 5 15,
PIJAE LPA VR 4o A=) g 2 e e ) 22 A O
I I ARG 7 AT 0 SR B A A

1 #RFFE

1.1 EEMEFZFMNLF

CO, W4 (Thermo 2% w]) | 5] & AH 22 W (i B
(LaicaZsw]) i 40X (BD C6) HOGIRE R
fBE ( Olympus 23 7)) | 28 1 HL ¥k & 2.5 & 48 ( Bio-
Rad 2A#]) Ji ¥ 1 W45 (JPK 2 7)) .8 pm Tran-
swell /N= (Millipore /A &) ) \TR400PSA #£4%} ( Olympus
AEIDI

=i DEME 5 33 & (Gbico 24 7)) (/N4 1L VG
( Gbico /2 #]) LPA ( Aladdin 22 &]) . Y-27632 ( Abcam
AT (AR5 (Sigma-Aldrich 23 ®]) 37 1A
W& G RAF) Ay i &R B (cytochalasin

B, CytB) (Sigma-Aldrich A #]) . FREB R I( Solarbio
N | B ZE 8 Ik-Alexa Flour488 ( Keygen 2\ ] ) |
DAPI(Sigma Aldrich 24 %]) fdt A F-actin /& (db
SRR /NPT GAPDH 4 (bt th A2 4
M) (SR 1gG BRI FEHT/ R 1eG Btk (db
SHAZEN) .
1.2 #RaiEF

NP0 L =2 MHCCOTH, W T | i < J7 AT IH
W, AMESZ 955 , R S DMEM 15 3 35 (&5
10% /N 1ML 3,100 U/mL F 8 & M 100 U/mL 555
)T 37 °C 5% CO, 95% 75 X, () 1 Fn it i 55 77 46
W EA T IR IR . A A A AR K 3 B 9 40 RIS T
80% ZiAq HEATHEAR
1.3 HREEHIH

K Transwell & E47 40 M i 12486 70 B 6 KL ES
7= MHCCOTH 40 ffi, 1o H A= A B X0 B g, YLk Ak 3
12 h 5 R 1 i e B R 2 x 10° A/mL (1) 41 it
B, ROCK 1 ) 52 56 v, 5 $2 1 4 40 g 1 &
10 wmol/L Y-27632 W TC I i 557 B0 #E 1 h, SRHH
CytB g BRI, A MR Twmol/ L, FETCTA Y 24 fL
B 4B A LPA R BRI 0,0, 11,10 F
50 pmol/ L. (% JC Ifil 75 15 77 K& 600 wL, Jf6 FLA2 N
8 wmf¥) Transwell & A fLA P, F Transwell |2 fill
A 100 L AR . SR JE 4 24 FLARCE T 46
i E LRGSR 12 h G 02 Transwell b2 RIEFER
B, R I Z b S G COBGHEA T I 0, B XS T
EAHZE WA T REPLIEIR 4 SO ST IR, et
ST AT RS A R R H
1.4 ZHREIE5E S 1R

SR FH 0 3502 A 0 200 L ) B BRI L o IBORT A
A AR S0 A 40 L D T A T BRRVR, A 1 X 10° A4/
FLEEFPE) 6 FLAk b, 55 5% 24 h f I EEfS , TC s
YU 12 h, ALK LPA 28355 0,0, 1.1
10 A1 50 pumol/L 1Y TG IV 35 72 B AL #H 12 h, Ab3E
SE5HCE U TH A A AR, X LA A T A
liiRa g
1.5 RN 4HAa A4 240 A R B B 22 4L

A Kb T X 5 A ST ) 4 T Ak R RS S DA
1 x 10°4/FLaEFh 5] 6 FLARH, 5 5% 24 h F5 L a2
J&, TTIMIEYLER 12 b, BRI A & LPA 209k
0 pmol/L F1 10 wmol/L BTG Il 35 45 35 5 kb 31



EREMAE $H31% FS5H 2016510 A
392 Journal of Medical Biomechanics, Vol. 31 No.5, Oct. 2016

12 h AbFREE TS, SR HIJE EDTA 1 198 1 1 14 0 ol
20 B A, B oM AR AN, 70 % 1 £ B2 T 5 I 7
WA 20 B, in AL BE ( propidum iodide , PT) 4 i
HEATYL A ,37 CHEE 30 min J5 T Hi=N4n e T #E47
R, 43T 20 440 ) S0 A AR AR
1.6 HRERKELBEME F-actin FIT{L

B K BB MHCCOTH 4L 5 x 10° 4~/4L
BeFp R LR AR B AR F RS R L, A
JEE 24 h J5 3F ARG AR, R AT LW B 3R 3L ik
12 h, 5354 B A 2 SE g0 i i A7 Ab B . LPA Lb PRk
FEH 10 umol/L, Y-27632 ) 4k Bk FE 4y 10 wmol/L
FFHRERTALEE 1 h,CytB FYALFIHK S 1 wmol/L, 12 h
JE SRR FREL, PBS YRR AIMLG A 4% () 2 3R
fi% [ %€ 30 min, A A 0. 2% TritonX-100 %I 10 min,
e FEFLIA 200 pL BEEA R AW, T4 Clblt
RS, KHF L REIF K, PBS THE )5 &
LA 200 L DAPI L6, % 857 15 min, PBS
TG TR A B s T e sk
1.7 Western blotting #&ll F-actin BZ54L

FE[A) LR SRR | 5 e R SR A
VA TEE I F KT IS B 14T, i F-actin 5§ GAPDH 47t
Wi E 4 CHRE —ERBEE 1 h,. & THEA
B RG T I THE AR, SR M A R K (.
1.8 EFHBERELNMEMREEESHNTN

K C ETEBE A BT 6 fLAkcR, DL T AR R g
JE#AT 2 h 5, % MHCCO7H 4L 3 x 10°4~/FL 3%
P ESA R R 6 fLIRH . 24 h 58I
KRR Bk 12 b 42 BRSE IS BT HAE AR I A FL A o
25, W5 B TR P E R R, Hodh LPA AR MR
B 10 pmol/L, Y-27632 () kb ¥ i BE 7 10 pwmol/L
IFEFTALFE 1 h, CytB A9 AL HEVE E R 1 pmol/L,
12 hJE 3RS R FHJCH PBS R4 2 Wk, K
BITEHE Al Tl &5 1, UL PBS 21840, &
EBRAN IS TAS I , T 07 B 0 e A0 A% ] L 4
il FSE R 500,02 N/m 2ETF A 17. 5° (9 7E Sb R
B G HEIEARED AR Y BT A -1l 2T AE 40 Y
PR
1.9 HES

JUTA RO 35 LLOF B8 + ARk 25 ORI R A
SPSS BAF AT Si it 2 40 A, VA 25 8647 25 1 o
Br, P <0.05 FRERALIFE Lo

2 SLIGHR

2.1 LPA £ MHCCY7 TR

SRS LPA X HCC TR 5200, 2% A Transwell
A 0 ~ 50 wmol/L LPA /£ I F MHCCO7H %%
RE I AR . AR B LPA /EF 12 h J5 ¥R
{&i#f MHCCOTH WYL #8447 . A4k 4 R &0,
AN BE LPA £ 12 h J5 , MHCCOTH ({35 % 4
8 35 AR Ak 5 17T 200 6 R B %) A 0 5 SR o — 25 IR B E
LPA fEFT, A JE 0+ % A 2 B W3 . 05
SERHLR, LPA REAZIEHE MHCCOTH BT 4T 4, H
IZAR TR FHAS S b 40 34 58 3 A (LI 1)

0 pmol/L 0.1 pmol/L 1 pmol/L

s |

Relative migration(fold)

e S

R B S R M |
10 pmol/L 50 pmol/L

(a) HpEITFE A

0 0.1 1 10 50
LPA concentration/(umol - L")

(b) TBGEHHT

1.5

1=

o
wn

Fold proliferation/control
Normalized cell number

o
=]

0 0.1 1 10 50 Control LPA
LPA concentration/(umol - L")

() HupitHeo (d) g4

1 LPA Xt MHCCO7H 40 i 3T 7% #0156t /1 R R I
(##R. =100 um, **P<0.01, n=6)
Fig.1 The effect of LPA on migration and proliferation capacity of
MHCC97H

(a) Cell migration, (b) Statistical analysis of

migration, (c¢) Cell count assay, (d) Cell cycle assay

2.2 LPA &7 ROCK g 3 MHCC97H 4A km
F-actinFE & & 40 A E 7%

JtgE ROCK 4 T2 5 LPA H#E R
MHCCO7THAM T3 2, % ROCK 14155 Y-27632
A P24 P G Y00 240 P e . LPA 2 5 B4 1 22 4k
L. 78 Y-27632 fEHT , GRAE I AW LPA i
PAMLEFS (P <0.01) . Fyi s b4y (4 Hl Western
blotting ¥ T 7E A7 7E 8L A A TE Y-27632 I LPA X
LD F-actin FKIRAYFEM, LI 45 R KW, LPA fE
U] AL F-actin Y35, HTE Y-27632 AUNAJG



I L% B BEAS ER X BT 4 A AT #8470 MO o N R EL AR K #L )
LIN Chuan-chuan, et al. Effect of lysophosphatidic acid on hepatocellular carcinoma cell migration and
its involved mechanisms 393

ATBHWT LPA 559 F-actin FiHEIA(ILE 2) .

+Y-2763
ContolERELARE A2 Control LPA LPA+Y-27632
[
| i

F-actin

F-a

(b) F-actin (IR &

Relative expression:

0
Control  LPA LPA+Y-27632

(a) F-actin 5 H/KFH X

w

*% *%

)

Relative Migration(fold)

o

Control  LPA LPA+Y-27632

(¢) dNMIIERLIE
2 LPA it ROCK g # F-actin W& R AMTH
(AR =100 um, **P<0.01, n=4)
Fig.2 LPA induced polymerization of F-actin and cell migration
through ROCK

(d) ERL

(a) Expression of F-actin, (b) Polymeriza-
tion of F-actin, (c¢) Cell migration, (d) Statistical analysis of

migration

2.3 LPA &t b F-actin B &

AT

HF7E LPA fEH T figts {2 i MHCCITH 4 il
1 F-actin 13235, H Y-27632 A4 A RE % BH W7 3 i
WREH, B, bk — 2L #HIA Factin 2/ 255
LPA (AR #2, % ] CytB B 4%f% 5 MHCCO7H
HrfY F-actin, HREod 4L (8 Fll Western blotting fif) 4t
IR, 7€ CyB fEH T 9% FH W LPA 35 51
F-actingik i, B, 78 CyB S, BEM 4
LPA IFE ST RS . 45K F-actin 57T
LPA fi¢ i MHCCOTH :E & 1l # (WL 3) o
2.4 LPA 0§ MHCC97H 4 fif& fE

HERGEAE LPA {2 4% o 72 v 40 Jfd A 5 119 22 Ak
oL, R R T B Bk 7 LPA /EH T
MHCCO7H) S A i AR A 0 SO 45 SRR I, 7E
LPA 1 H 5 6E 4% B 0 F TG 20 it i) s A i, O HLAE
Y-27632 WVERIG , 200 M ) S8 A B afE — 25 RAIR, 4
v LPA ] B 3 A {1 200 R 174 530 A5 of 1 a0 4 i
R (ILE4)

i# MHCC97H

Control LPA LPA+CytB

GAPDH

Control LPA

LPA+CytB

0
Control LPA LPA+CytB

(a) F-actin & /K F-3ik (b) F-actin (YR4

Control LPA

b Ny

LPA+CytB

Relative expressions
=R S RS N e

Control LPA LPA+CytB

(d) T
3 LPA i#id Eif F-actin B & {2 MHCCI7H BT
(*"P<0.05, n=4)

LPA induced MHCC97H migration through F-actin

(¢) dMHIEREIAl

Fig. 3
polymerization (a) Expression of F-actin, (b) Polymeri-
zation of F-actin, (c¢) Cell migration, (d) Statistical analysis

of migration

Kk

Elastic modulus/kPa

LPA LPA+Y-27632

Control

El4 ROCK #IFIFFESMET LPA 3¢ MHCCITH 40 B B FE 1 %5
m(**P<0.01, n=35)
Fig.4 The effect of LPA on cell stiffness of MHCC97H with or
without ROCK inhibitors

3 itig

AUV R B AR W sz —, 5
TN RIZ ShRE T EAEAOC . e A SE R v Lot A
PRI B A g et A LAY SRS | R R AR 2R,
I B A SO B S A SR
LPA Y2y — M B A= W0 PR AR , 76 2R W) 2H 1
JIZATAE, RERE S 5 R N 2 R A A I RS AT R
ASHAIES: , LPA RS 155 MHCCOTH A iL#%



EREMAE $H31% FS5H 2016510 A
394 Journal of Medical Biomechanics, Vol. 31 No.5, Oct. 2016

B LPA IR AT RES 5 T I Ak B A2 .

LPA figfig il i 5 H B % & HN G & B
PRI T Ui 22 2545 5 38 i, Horh RhoA/ROCK i f#%
YEREE G TEFiIERZ — 78 LPA fEHTE X
#H R, ROCK HHIE RS HERR 1L T I 19 LK 2 1 42
%% (myosin light chain-2, MLC2) JLBRE (1B R H
A% 45 H ( myosin phosphatase targeting protein, MYPT)
1 LIM 3475 ( LIM kinase, LIMK) , Wi 9051 22 1) 25
FIE SR F-actin 2 BELERE 89045 LA S F-actin ()
BHo BRILZ AN, ROCK i [] 22 F 40 Al B 424 56 2K
VIR X A a4 1R 288 1 AR A
AR, XA AR RE S IR LB B AT dE 2 B e
TAERE R . 1T RhoA/ROCK 3 # % 4
FLE RS, AR SCE ST Feactin 22 5 T LPA
7500 MHCCOTH AT As o il Sesg S e e (i
Western blotting SZ56 & i, 7E LPA AO4E T GEfE HH
RAEHE MHCCOTH i F-actin B9 545, 3 3
F-actin 7E8 FUK IR IE , 3% 5 K 2 EOCH R IE 1Y
CERARTE A o BIAN, Zeng 25150 (1 TARIESE, 7545
FEAnfIh  LPA L FRAE RS {2 F-actin BYR G, IF 1Y
Indnarg iz sl fig /1, Hizfs 8 i3 RhoA/ROCK i
FEPEAT AL . ROCK #4570 4 FH 5 E BELIBT LPA X
MHCCO7H 4l F-actin -5 1% F1EH . K,
LPA W] §E 8 i3 ROCK 3k 5 g MHCCO7H 41 Jift Hr
F-actinf B &, 1E#E— K CytB f# 2 F-actin J5
KB, LPA XA IR AT o 05 SAE A G . AR
A5 RAESE , F-actin #1525 T LPA 75 59 40 1T
A0, I Hazds o i % 18 2@ i ROCK 731 12
o

AR ) RS T AN R R R AR
Ak S5, Horp, By F-actin 28 58 0% 200 Jifd B 242
DR 28 118 A2 A 240 I 285 RN 3 B B A4 BT 75 R 3K B 7
Wi F-actin a] £ Sy 1% 40 M0 g 5 4 1 0 B B D E
FUO ORI LSRR W], FE LPA 1T R AL T 4
BB R X 5 Li 4517 R Zhang 2561 BB
ERARRL, TEARWTTE R, g 1 AT e b 40 i K R
BEJFCRT S 40 25 Y S L, 1B IR T B A6 S 30T 40
AL AN €N e AT VINREL N 8 N R IR
BN B A AR A, L S A AR A E R A
Friedl 45" fF 5 4 B, 240 MO A% 28 9 S0 A ) T 400 i £
¥, # LPA n] g i U2e LSl 2 1B 2R 0 40 M A% 1)

R SR AR HEAN LAY T2 RS . ROCK AR Ay 81 41 Jfd - 22
WEZ ST, fes 2 58 s dl i 12 JZ2 WL sh 8
(cortical actin) 4%, 117 4 J A8 42 # 1) = 228
K H T H 2 Factin (9 FEHES K2 2 WUEREE OISR,
R 2 WUBh 8 (A e % 16 4N M A% o AR Pl B 2 1 1
FHZO 5 B, B J2 WUSH 2 11 90 46 30 phe S T 40 i 2
KNP EARSEE H ROCK 34 il BT LPA 7%
ST S , 3T FRAK F-actin (19 58 4 A B PE R &
HARTTSCE TR, 4T A RE A1 A 34 £ Fifi 25
PERL RN RRAG , 76 Y-27632 [FE T AR T 3 4
L (AEM T A0 ) R, X AT B2 i T ROCK
AN, A0 rf F-actin ff 5, 40 M1 K2 2 WL 8 &
IS BB IR, B8040 B 1) o i 4 T RE B, DA
IR PR A AN A Y PR

i b fir ik, 78 LPA 9 /E B N RE % {2
MHCCOTHAHM A IE RS AT R, H i 5 58 & ROCK/
F-actin i@ J{EAT1& 5, 76 I &2 b, 40 i vl R 8 2k
REAR B B AR BRI RE RE ) o RSB0 45 R N AT
TG B R IG IT LL K& L ROCK/ F-actin 38 }% K716 J7 8
S 2T A AR T AR (1 BRI At

Sk

[1] AHMEDIN J, FREDDIE B, CENTER MM, et al. Global
cancer statistics [ J]. Ca Cancer J Clin, 2011, 61 (2) : 69-
90.

[2] PARK SY, JEONG KJ, PANUPINTHU N, et al. Lysophos-
phatidic acid arguments human hepatocellular carcinoma
cell invasion through LPAI receptor and MMP-9 expression
[J]. Oncogene, 2011, 30 (11); 1351-1359.

[3] MILLS GB, MOOLENAAR WH. The emerging role of lyso-
phosphatidic acid in cancer [ J]. Nat Rev Cancer, 2003, 3
(8): 582-591.

[4] SHIDA D, KITAYAMA J, YAMAGUCHI H, et al. Lyso-
phosphatidic acid enhances the metastatic potential of hu-
man colon carcinoma DLD1 cells through LPA1 [J]. Canc-
er Res, 2003, 63 (7): 1706-1711.

[5] TAKEBA Y, MATSUMOTO N, WATANABE M, et al. The
Rho kinase inhibitor fasudil is involved in p53-mediated ap-
optosis in human hepatocellular carcinoma [ J]. Cancer
Chemother Pharmacol, 2012, 69 (9) . 1545-1555.

[6] LOUL, CHEN YX, JINL, etal. Enhancement of invasion
of hepatocellular carcinoma cells through lysophosphatidic
acid receptor [J]. J Int Med Res, 2013, 41 (1) 55-63.



I L% B BEAS ER X BT 4 A AT #8470 MO o N R EL AR K #L )
LIN Chuan-chuan, et al. Effect of lysophosphatidic acid on hepatocellular carcinoma cell migration and
its involved mechanisms 395

[9]

[10]

[11]

[13]

[14]

MUELLER BK, HELMUT M, NICOLE T. Rho kinase, a
promising drug target for neurological disorders [ J]. Nat
Rev Drug Discov, 2005, 4 (5): 387-398.
LEE DL, CLINTON W, LIMING J.

RhoA/Rho-kinase signaling in the vasculature. Highlights
Hypertension, 2005, 44

Hypertension and

from the recent literature [ J].
(6): 796-799.

ITOH K, YOSHIOKA K, AKEDO H, et al. An essential
part for Rho-associated kinase in the transcellular invasion
of tumor cells [J]. Nat Med, 1999, 5 (2) . 221-225.
TAKAMURA M, SAKAMOTO M, GENDA T, et al. Inhibi-
tion of intrahepatic metastasis of human hepatocellular car-
cinoma by Rho-associated protein kinase inhibitor Y-27632
[J]. Hepatology, 2001, 33 (3). 577-581.

OGAWA T, TASHIRO H, MIYATA Y, et al. Rho-associat-
ed kinase inhibitor reduces tumor recurrence after liver
transplantation in a rat hepatoma medel [J]. Am J Trans-
planta, 2007, 7 (2) : 347-355.

CARMEN CW, CHUNMING W, SANDY LA, et al. RhoG-
TPases and Rho-effectors in hepatocellular carcinoma me-
tastasis; ROCK N’ Rho move it [ J]. Liver Int, 2010, 30
(5): 642-656.

QUANG CT, GAUTREAU A, ARPIN M, et al. Ezrin func-
tion is required for ROCK mediated fibroblast transformation
by the Net and Dbl oncogenes [J]. Embo J, 2000, 19
(17) : 4565-4576.

MATSUI T, MAEDA M, Doi Y, et al. Rho-kinase phos-
phorylates COOH-terminal threonines of Ezrin/Radixin/

[15]

[18]

Moesin (ERM) proteins and regulates their head-to-tail as-
sociation [J]. J Cell Biol, 1998, 140 (3): 647-657.

ZENG Y, XIE H, QIAO Y, et al. Formin-like2 regulates
Rho/ROCK pathway to promote actin assembly and cell in-
vasion of colorectal cancer [ J]. Cancer Sci, 2015, 106
(10) : 1385-1393.

PESKIN CS, ODELL GM, OSTER GF, et al. Cellular mo-
tions and thermal fluctuations: The brownian ratchet [ J].
Biophys J, 1993, 65 (1) 316-324.

LI X, LUO Q, SUN J, et al. Conditioned medium from
mesenchymal stem cells enhances the migration of hepato-
ma cells through CXCR4 up-regulation and F-action remod-
eling [ J]. Biotechnol Lett, 2015, 37 (7): 511-521.
ZHANG B, LUO Q, MAO X, et al. A synthetic mechano-
growth factor E peptide promotes rat tenocyte migration by
lessening cell stiffness and increasing F-actin formation via
the FAK-ERK1/2 signaling pathway [ J]. Exp Cell Res,
2014, 322 (1) : 208-216.

FRIEDL P, WOLF K, LAMMERDING J. Nuclear mechan-
ics during cell migration [ J]. Curr Opin Cell Biol, 2011, 23
(1):55-64.

SIT ST, MANSER E. Rho GTPases and their role in or-
ganizing the actin cytoskeleton [ J]. J Cell Sci, 2011, 124
(5): 679-683.

EFREMOV YM, DOKRUNOVA AA, EFREMENKO AV, et al.
Distinct impact of targeted actin cytoskeleton reorganization
on mechanical properties of normal and malignant cells
[J]. Biochim Biophys Acta, 2015, 1853 (11): 3117-3125.



