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Abstract

AIM: To observe the regulatory effects of bone
marrow mesenchymal stem cells (BMSCs)
on cell proliferation and apoptosis and RohA
expression in rat hepatic stellate cells (HSCs) and
to explore the possible mechanisms involved.

METHODS: BMSCs were isolated from Sprague-
Dawley rats, cultured and purified in vitro. Ac-
tivated HSCs were cultured on plastic plates. A
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co-culture system was established by culturing
BMSCs in the Transwell insert and HSCs on the
plastic plates (6 wells). Normal rat fibroblasts,
BMSCs and HSCs were cultured alone as con-
trols. A part of cells were pretreated with rab-
bit polyclonal anti-c-met antibody according to
experimental needs. Cell proliferation and apop-
tosis were determined by MTT assay and flow
cytometry, respectively. The expression of RohA
mRNA and protein in HSCs was determined by
reverse transcription-polymerase chain reaction
(RT-PCR) and Western blot, respectively. Cell
supernatants were harvested to determine the
concentration of hepatocyte growth factor (HGF)
by enzyme-linked immunosorbent assay (ELISA).

RESULTS: BMSCs inhibited the proliferation
of HSCs. After 24 h and 48 h of co-culture, the
reduced rates of HSC proliferation were 12.21%
and 35.43%, respectively. The reduced rates of
HSC proliferation in the experimental group
were significantly higher than those in the other
three groups (all P < 0.01). The apoptosis rate
of HSCs at 48 h was 25.80% in the experimental
group, significantly higher than those in the
other three groups (all P < 0.01). After 48 h of
co-culture, BMSCs significantly inhibited the
expression of RohA mRNA and protein in HSCs
when compared with the other three groups
(all P < 0.01). The concentrations of HGF in co-
culture supernatants in the experimental group
at 24 and 48 h were 250 ng/L and 570 ng/L,
respectively, significantly higher than those in
the supernatants of BMSCs and HSCs cultured
alone (all P < 0.01).

CONCLUSION: BMSCs inhibit proliferation,
promote apoptosis and reduce RohA expres-
sion in rat activated HSCs perhaps in an HGF
paracrine-dependent manner.

Key Words: Bone marrow mesenchymal stem cells;
Hepatic stellate cells; Transwell co-culture; Apopto-
sis; Hepatocyte growth factor; RohA
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#BMSCs#% /7 #F proliferation and apoptosis and RohA expression in rat
A I 4F 2L B hepatic stellate cells. Shijie Huaren Xiaohua Zazhi 2010;

T, e # ok
.5 —ZBMSCs
) I 4m A4, =
#BMSCs5HSCs
Z 8] S e AT AR I
YR, AT H B4R
TR, BHEER
WA, FFRIER S,
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ik 2

HE: AKX THE AR T @i
(BMSCs)k32 J x4 I Z K 20 JL(HS Cs)3§ 72
J8 = #RohA & ik #9 %, FITBMSCs3 4~k
HGF 2 o 6948 A ALkl

Fik: MBAE I ik ikI3EAc. 4hALSD K A BMSCs,
HEREFARAER,;, X 2K IL(HSC-T6)
RBRUUER M Z KRG HERAEA. 65U
WA AL IE A &, 30 R F 5 B (transwell
insert)i 5 £ TR EMALLIT AR R, FHIZ
IR, EIEA: AT, PR RE A,
BMSCs 53620, TR4LFE 2820 (c-met % L5
AT ). AW F AR R EMTT)EE
MHSCsam e 3g 7448 715 7 X am Je A3 A6 ) 2m fie,
A T; RT-PCR. Western blot#:BMSCsk5
HSCs#:3% 77 5HSCs A RohA mRNAF=% & ¢4
Kk, BEIE S 9% B W & (ELISA)% M BMSCs 5
HSCs3b3c Lk ¥ I 0 ie £ K B F (HGF)
TR

LR BMSCsxHSCs3 74 2L A 47 4] 45 A,
BMSCs5HSCs3E3%77/524 h. 48 hey3g i p
)53 A 12.21%, 35.43%, 5% & 3B,
g AF BB C-metF AR TR 2L A B
F M £ F(P<0.01). Annexin-V-FITC/PIR %
HEHMBMSCs5HSCs 3327748 h/EHSCs#)
BT HEHN25.80%, HEEa TR, EIEATIR
MEc-met R FAL HLAIK A R M £ F
(P<0.01). BMSCs5HSCs4:3%7:48 h, BMSCs
ZARohA mRNA® F ki 2, B2 FIKT
Fas B, FIRBALC-meti R TR
U, AR E M Z F(P<0.01). BMSCs5HSCs
332748 h RohAZ G wy kAR R 4p4], R
FRTZORBA, FIAT AL C-metdt
RTRAL 2240, A 1 £ F(P<0.01). ELISA%:
MBMSCs5HSCs3t3% 7724 h, 48 h.LiF&
HGF#RJE 2 %] 4250 ng/L5570 ng/L, A %5
T #3EBMSCs3z fafe f A HSCs3z I, A B H
M % F(P<0.01).

%518 BMSCs 5 HSCs 332 7R Ak #7H HSCs #9 3%
7h, PR3 T, #4IRohAF A, HAULE] TALZ
BEBMSCsF 4 wtHGF & 237 4) X AHSCs
Yol AR A T eE .

RERiE: BBEA SRR T4, FFERAAE, iR

FES, =817, IR B 255 ST SEE7RT
MRFBAWT2RBIRIGIE. BURIRohARIABIEE. HR
ENHEIZRTE 2010; 18(16): 1643-1649
http://www.wjgnet.com/1009-3079/18/1643.asp

03I

JH 2T Ak A2 IR A K 2 1R 6 SR B B, JHEET 44
JEA by S AN AL 3 A 21 (E T S A (AT 5 3 W AT
SR AL T IR BRI R
Ji £T 24 R 48 Ji A0 KR 5K B AR DO, B 3B
JH AT A AR A DR 2 R 4 il (hepatic
stellate cells, HSCs)id A& FF 47 kAL 1 X =5
. R R A0 T 8 B RO T 7 3 22 R 2R
Wi, 2455102 5L 3 SR
00 EEDR 40 L0 T2 02 VR 7 TH 2 A TR OB 1 i
&) 78 )% 41 il (bone marrow mesenchymal stem
cells, BMSCs)ff Z LI e, 2 MR,
BMSCshf Z M R 5 E 0 AT BB
VR, AT st B8 3800 4 R 7 4 b0 (H L HAA
MIHLTREANG . AHTFOREBMSCsXHHSCshf
JH. JT-AIRoh AZR FIARIL 5N L BMSCs 5%
3 T 40 g A K IR F-(hepatocyte growth factor,
HGF){EHH /R HIF L.

1 RT3

1.1 M4t fEHESD K6 N, Jkb6-8 wk, HIJ 74
B B K 2 se i g b oo R A I AR 41 i &
(HSC-T6) S 2T 4k Jit 4t i 28 (e o LK 2 B e g
P2 e i i ZE B4 ); DMEM-LGE R8T 25 5
Gibcoswl); K fin - i (W 126 E Hyclone A
Al); MTTIR A &I BAE R A R A A));
JH- 4 2F K R ELISAI A (32 [ R&D system
2 w]); /N PTRoh AR b fE 44 (56 [H Santa Cruz
o)), Rbic-metZ ve FE PR R LA A ),
HRPHIC M Pt/ l1gG(E ESanta Cruz/a
F]); TRIzol(3 [EInvitrogen/a l); 10 5% 71 £
(CEEMBIA #]); ECLAGRAF(E E Thermo
~w]); PVDF(SEEMilliporeA fl); Transwell
insert>}~i% i (3% [E] Corning Costar/A ).

12 F ik

1.2.1 BMSCs#y o & 245t %e: &30k
[11,12] 77 AR TR 46 T 4> B SDOK U & B il
0, 37 C. WIRNEEE. 50 mL/L COBEF-4H
HEE R, R BMS C s H Al U 5 40 it 1) s e 2=
S P T 42 ol A AT TR R 1 = AN AL TRD, A%
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L BMSCs, WiE T4 B A, R4
A1 fi(Passge 4, P4), 2.5 g/LIKEEFN 1L, VH%40
FI L X 10°/em® B2 Ff 50 mL— IR MERF IR
i, £ SEEGHL UE AR, 37 °CL ORI
J%. 50 mL/L COBGF-MIh 535, &2 dii 1K,
SRR 14 d, {8)'E A 2 BB T WA A
1.2.2 HSC-T6#3& 7. R 5 ELLE T KR
HSC-T6 R Rl 5 & A . T L-DMEM#; 5%
(7100 mL/LiG4- 1) 37 'C, 50 mL/L CO,
Br AR i 2%, 8 hE e Wi REZE K, 2-3 dJE 4L
80%-90% i 1 i K RV AT AR ALAX, A% 423-44041
AR TG R, SR I R TG SR S Al
ZULF AT M o-SMAZR L. B B AH 2 BB T
ST AR A BT A 25 R

1.2.3 (4o mp el 3 AR SF4E R4l i &
S A ARAE FH 732 IR] E

1.2.4 sapa b3z I S HOCHR[13,14] 07 VE M 6L
RN M3 57 &, AEF-1E I (Transwell insert) I
JERLFIBMSCsI 4T 4 R 41 fL(1 X 10° cells/well),
76 N JZEAHSC-To4 (1 X 10° cells/well), 37
R XUZ A MR AR, TR S A
(D)7 O AL HSCs iRt B2 K iR
B, (Q)BHMEXS I ZH: HSCs 5 27 4 i 41 o 3 35 9%
(3)S2862H: BMSCs 5 HSCs3:555%; (4)c-met Tkt
HHA: fPic-metZ wEHIAS00 pg/LTSEE
HSCs#MHGF 2146 hJi, BMSCs 5HSCs3th:
I, KiFE4A8 h (8B AH 22 BB T ah WML IG 4
M F .

1.2.5 MTT = m HSCs¥g 78 474 & 4N fu Lo
0. 24, 48 hJFH0.25% B H A0 EE 4 i, 41 i
T, T2 I BN I B 1 X 10°/mL,
WRAT, RS, W96FLH, BELINAT00 pl(2 0004
i), BRI B R3AEAL, A AL, IIA100
LG4 M ) e ARG 97 4, #1737 'C. 50 mL/L
CO, A T 157748 WG RELIMMTTY (5 g/L)20
ul, 4REE0F A 4 h, ZERTTE, FF TR, AL
I H(DMS0)150 uL, #4310 min, f#
WL S o AR JEFE490 nm K e
UG, LA AMT T AL 381 25 11 Lok
X R, T I Gy M IS b b g Il s A
SIS (AE). 40 M A K AIHIZE = (1585041
A{E/AT A ) X 100%.

1.2.6 ELISA#M] 33k LA RHGFRE: R
FIFLAE, 23 K 3 T B A [k 3 A it (100
pL/ L) A A N AL, 37 CHERIME H 90 min;
F TS UG IMANAEYZ A PUk TAER (100

www.wjgnet.com

uL/fL), 37 CHFHIIF E 60 min; T T ¥EMH4V; i
NS AW TAER(100 nL/AL), 37 CHEAHIE
30 min; F TIPS, AR AFH100 ul/fL, &
37 CHFE 15-20 min; JHIAZ1E#100 wL/AL,
EAT, B2 FH B ARA (A2 34450 nm, FBIBE K
630 nm)il| FEA 45, E (5 minY).
1.2.7 # X o e A48 28 L8 ©—: Annexin-V-
FITC/PIM BE R L K HAHSCs, 1HH, %M
Annexin-V-FITC/P4H HoE T3R50 &5 Ut WA .
1.2.8 HSCs ¥ RNAJR IR A=RT-PCR: 448 hirf
BYHSCsiHEL, £S5 X 104 i1 mLAYTRIzZol,
P HIR GRS, TRIzol— il 4 BUE
RNA. $ 300 37 5300 6 U B R AT 100 9 5%, I AR
i DL AT H R 142 95 C AR
5 mindE AMEIR, 95 ‘CAZ1E4S s, 55 ‘CiE k4S5 s,
72 °C 1 min, F35MEHJE, 72 ‘CHEMS min, LA
GAPDHAWZ . ¥ 185 Bl TAY T«
A FA . Roh AR EUF514)5-TGGTGATGG
AGCTTGTGGTAAG-3', Fif#514)5'-AACATCA
GTGTCTGGGTAGGAG-3"; GAPDH Lifi 514
5'-GCCAGTAGACTCCACGACAT-3", Fiif5|¥)
5-GCAAGTTCAACGGCACAG-3'". Bl 6 uL PCR
P16 pL DNA Markeri#E47 1.7%5 IS B AL
HK, SR BEIR EUG o3 AT SCHEA T IR G e 44, W
A K IE 355, LAIRohAZEK/GAPDH K
JE P s AT H I 5E RImRNAZK T
1.2.9 HSCs %% & #2 B fe Western blot#ain]: 4
2R E 48 hitf BEHSCsith &R 11, %5 T e
W btk e B i, FRER N80 pg, HA
W1T15% SDS-PAGE#EK LIk, PVDF#JE, -IE
R e R N —Hi/N B PTRohA(L 1 5005
FE), 4 CIE, IIABAR R AL AR 10 1K — Bt
HHT 2428, ECLARGHI1-5 min, 6. B3, &
R B UG o BT R G 4 AT 0 A, A
RohA % [1/GAPDH ) K & FL A & 7 AH H 1) 8
HKF.

Gt F AR K %R Dimean £ SDR RN
MG A SPSS13.08E1T 43 4T, LAP<0.05 K4 %t
R, P<0.0L N B & ER.

2 B8

2.1 BMSCs#p#|HSCs#93% 78 FIMTTZAM T
JLHEFR0. 24, 48 hiNf M BIBMSCsXHSC s fitd
WTE G M, 24, 48 hiJHS CsHY {112 737
M12.21%%2.55%. 35.43%+6.17%. BMSCs#
24 hi ¥ BHS CsI¥ 3451, 48 hi Bk

Wi £ E
Parekkadan%
i# it Transwell
BMSCs#HSCs
345, BMSCs T %
SHGF 47 4] IR R
¥g 3l Fa il K, F) AT
HE A R
m A . Shi%
R E A 3%
A4k & FBMSCs
FNCECEE R P4
SR m AR K A, Lk
T 2 WBMSCs
5 9 NGF #o
HGF & LINKAE
BT A,
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WA 3 & 5 Ao Bo._ 1 HSCsiiztAnnexin V-FITC/
4‘\ b "é‘ V| 1.82% 0.98% 2.54% 1.22% PI;}%T‘__ A: HSCs; B: BMSCs+
T‘ranswe}I#J &4k TYEIFAINT, C: c—metZZ malAETT
Hofir 3 7 wE, S | =y 4L fEBMSCs+HSCs; D:
B R BMSCs % 4 = - Tee ¥ BMSCs+HSCs
#HGF*HSCs ¥ o Iy )

M. BTA . g e | e bl
RohAkik#yiflys &3 LN E=h S
1A, HBMSCs . 5 &
B 2F 4 AL AR R . - A Sh
PR R R, 27 o ¥
o I7% | 141% o] ‘ | 141%
10° 10 10? 10° 10* 10° 10 10° 10° 10*
FITC-Annexin V FITC-Annexin V
Co Do
1 1.34% 0.60% 1 4.74% 17.57%
o 1.80% o 69..30% 8.39%
9 T T T T 1 9 T T T 1
10° 10 10? 10° 10* 10° 10 10° 10° 10*
FITC-Annexin V FITC-Annexin V
FRH'S C s 16 396 51 - S BN [) 4 g, 5 o) H 4L T
c-metPr AR AL B4 LU AT 35 P 25 /(P<0.01,
1. 4548 oh 24h 48 h
2.2 BMSCs5HSCs 37 JEHSCs 8 = BMSCs SCHINIRZH  3.42+0.92 4.04+155 5.00+1.26
SHSCsIH R 35, MR 4 (X Annexin BMSCS%H 3.38+0.86 12.21+2.55° 3543+6.17°
VEFITC/PIAU K MIBMS Cs 5 HS Cs Ho b 3248 c-metfifA 3.13+1.02 578+1.36 6.60+1.26
N N NN FRMBA
hJEGHSCsIH TR (K1), 25 X AT %N
%+0.31%- SZH N R4S %+0.18%-
2.30%+0.31% *%X]‘,\WﬁﬁzzSA)‘_O.ISA, P<0.01 vs SHELERIo_met I ATTINEA.
BMSCs?H 425.80%+3.60%. c-metHiATiAbFH
JH -k 0 0 IH E o VI e o
H42.40%+0.22%. BMSCs# Hc-metFisib 3 I 8 1 B A T2 I R 2 . Seib ) e 4 5

A1 25 0 AR ) T A bl AT 2 k2
FE(P<0.01, K1).

2.3 BMSCs5HSCs3t3% # GRohA mRNA# £
& BMSCs5HSCs3tH57J5HSCs RohA mRNA
(1635, 25 AR 50.98+0.05. S8 % 41
40.96+0.03. BMSCs#1 40.404+0.03. c-metdf
PETRALFEZH A51.01+£0.06. BMSCs2H 3555748 h
A R BAR T AR AL, s A
c-metTALHIA, 5 FIAZAH KT BEMER
(P<0.01, E2).

2.4 BMSCs5HSCs# 3%/~ GERoh A% & #) & ik
BMSCsHHSCs3t:#55%JFHSCs Roh A 3%
i, FEAXIEA R1.0610.13, 2 R4 K
1.0940.11. BMSCsZl 40.434+0.05. c-metfi
PRFALFHZH A51.1240.15. BMSCs#43L555548 h

c-metTHALFE4H (1812), BMSCs#H 5 A3 4tk
W% 5(P<0.01, K3).

2.5 EiFiR PHGE®RE MM Z HUYIHIBMSCs
0 WHGF, X BMSCs5HSCsILEFE . Hujl
BMSCs. HHSCs3LRs 54k %24, 48 hitti]
B B3 WP HGRR TR, JER5 R4 HGF
R U s T H i BM S Cs 1 FR M A H S Cs 15
75, A WE M2 R @P<0.01); BMSCs 5HSCs3t 54
F74048 h5H A G24ni Bebb s, 7 B & =R
(P<0.01, K4).

3 e
HSCs/& 52 JE o) jean fg, A UL 1k 4245 i,

HSCsZ 3| 2 Fhaf g 8151, el e B K I
F-B1(transforming growth factor-p1, TGF-B1)%%
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1 2 3 4

RohA
GAPDH

2 HSCs RohA mRNAZRIA. 1: 25 I IR4H; 2: Sedatd g
2H; 3: c—methUATILLFEAL; 4: BMSCsSLIG4H.

RohA

GAPDH

—_
N
w
N

3 HSCs ROhABBRIA. 1: 28 FIX AL, 2: SBaXS IRA;
3: c—metHEFAINRL; 4: BMSCssLEG2H.

ST AL, SRR I, KR R A A 3 R
(extracellular matrix, ECM)Jf-JURFE N, Jfl
i AR I G e A A R, I EC M
BEARE, FEUF WECM G A BEAR Kk 2574,
&S B T i A0 R0 F R AL T . AR Bk O 1
HS C sy T VA7 B0 4% 27 4 A0 i 31 22 T B
BMSCsH#AHIATT FFEF4EAL H BTIC ARG R HT Y
WY, 2™ BMSC s AE fE ]
JFF P34 B 98 0E, BMSCsHEAL R AR, nT icst
JEZhfE, Wi s 4 IF 4T 4k, WoR T ARSI TA
IR, ARILHLR M AN 2.

KA FOUESE AR 4L FE A B R hofs 5
W PGS S U, P R ho-Kinasefig
ARG T 2 VT 2 U A Ak e
FE7152 Rho/ROCKAR Sl vl /E N “ 4 TIF
K7 W 2 ERWE N 5 HAE S R B
AW IR IR U N T 2 R S
S, PEAZ R Y. AT TR I,
Rho-ROCK(F 5 # Fili i 2 5 CCL, S EM 2tk
WA R A KIEAE R 42, BMSCsH fig
IR oh A-R O CKAF 5 % Sl i i 32 453
JIHE .

HERTFBM S Cs & 15 BE 8 1 HS Cs i 4H |
AT FRoh AR L, TATTH I 4k 1 JHF 2 R 41
&, BRI AL RS, R FLA20.4 um
K Transwel {3 ik 5% 32 1M AS B 1 1 40 o A%y
A, BMSCs HHSCs3ubs 5%, KA1 © 1HLfl, g7
BMSCs 5HSCsTE Bl S IR R, 4525
FWIE LB FR K R, BMSC il AR 3 )
HSCs347H, fEFHSCsIT, RohAfF 5 RILHI

www. wjgnet.com

700 - O HSCs
[JBMSCs bd
600 - M BMSCs+HSCs

~ 500F
E)
=400}
g
#3001 b
1500

)
T 200

100 -

0

24 48
t/h

4 EEHGERE. 'P<0.01 vs HJEBMSCskEF4] , B
SHHSCsEEFE4H: 4P<0.01 vs 24 h[E S XA,

SR ST HEREFR 72 h HSCsAET- %45 =,
T FANT ST 56 v AN B OB B 3 IR 0k, AT B IR
FERAEAERF A 72 WA, EHR48 hitf i) BL S
45 IR S0 S e S BCSRDG,  DR I AT T S 5
TEE LRSI 0] BE A48 h, 4N A F b s i 1 4
H1X10°, HParekkadan5 " WWF5TAHBL. LA T
G2 IR JERE FRI [ 272 b, (HEERIE N1 X
10°502 X 10*. BUAR Tk JUAMIF S04 s J3 R s
FEI TRIAN [, AH&AN 01 H I 2 SR — 3
BMSCsfit 4l 2 Fh i Jf B 11>, LiHGF
LA M A=K K F(nerve growth factor, NGF).
JiR 5 Z FE A K A 7 1(insulin-like growth factor,
IGF-1). ALK K ¥ (transforming growth
factor, TGR)M M %, T4 MK, Hir
HSCsth 734 2 Bl o K712, HGF & th 7] 2
2 g e N N PN I O 21 B R BN SN P !
5 EEAE PR MR A . F R il s &
FAE R, HGFAHE AL I EDIR G B A i (2
HEAT VR HGFIhRERI R IE, 5 ZRH AN
ML TH ) c-me t 2 1R 45 45 Ja A il R 45 21 FH B,
HGF/c-metfi 5 il B HGF Yy BE R FE 1R 12
BM S C s/t 704 5 TR A ) A2 IR 41 i
HAVHI GG R TR I Roh AR I B AE
H, FATHENBMSCs55 73 ITHGF A 4% 1 H %
YER. A BtBATAM 724 48 hif[RIBEBMSCs
FIHSCsHLs A R . BMSCsHUAlEFE. HSCs
MR IR E P HGFIMEE, 45 BRI
B IR R HGER W] i T /5 — %%, HAE48 h
PR B AT RFL R THGFAE /2 HS Csi T
= 2N ", (A AT R W, BMSCs5
3 WA TR A 28 40 A A DR AEHS Cs T2 v 4%
TEEAERL WL RS IR A F O AR 40 i
SETEAE S (R T A P A AT HA PR 2R A
H, c-metZ v BEPUATISE B FHSCs K [fic-metZ

mi:A2E
BMSCs 5 HSCs 3k
¥ AE 741 HSCs
8 ¥ g, R 3k A
=, ## RohA &
ik, HAuH 2R
it BMSCs & & ik
HGFA#A4ER. T
A BMSCs# 4 4
T I 4F Y A0 32 4
Vo R IE A 0 28
IRIE.
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W@ 50 K5 1 5BMSCsAHtR: 7%, 48 hjG K HS Csi s T A A r b 1 5 g e
AL LA 2006; 14: 1408-1411
srsAg—we s FTHROhARIE. SIREN, cmetZ M 15 mp smigm T B0, B BETRR
A Prkd FIHSCs % [fic-metZ 147, FMHIHGF/c-met FAMIE ERAAIERNoA , P27, HHFIEA

== Sl — sp . Bk At: 2009; 17: 3283-3291
4#5@}?;%, EX”% TBMSCSNHSCSE/‘]LﬁSﬁEﬁH' 13  Parekkadan B, van Poll D, Megeed Z, Kobayashi
AT ABMS Cs5550 Wb IHGFAE HIEIG AL 1) N, Tilles AW, Berthiaume F, Yarmush ML.
RIS [NV N Immunomodulation of activated hepatic stellate
SEARZNMRIAE, (BT HIRIRoh AR cells by mesenchymal stem cells. BioIZhem Biophys
HEAEA. Res Commun 2007; 363: 247-252
2¢(32,33] e Y kS 14 ShiL, Li G, Wang J, Sun B, Yang L, Wang G, Wan
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