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Abstract

AIM: To investigate the influence of infusion of bone marrow-derived mes-
enchymal stem cells (BMSCs) on the liver fibrogenesis in rats according to
the strongly proliferative ability of BMSCs and their differential potency into
hepatocytes under the condition of culture in vitro, analyze the liver function
and survival of BMSCs, and perform a controlled comparison among treatment
group, blank control group and pathological control group within 7 weeks.
METHODS: The study was conducted in the laboratory of Department of
Pathophysiology, College of Basic Medical Sciences, Sun Yat-sen University
from August 2003 to December 2004. (D Five male Wistar rats aged 6 weeks
old as donors and MSCs were isolated from bone marrow of these rats for their
culture and proliferation in vitro. Another 60 female Wistar rats aged 6 weeks
were studied following the protocol. Fifty random rats were induced to liver
fibrogenesis models with dimethylnitrosamine(DMN), and then they were
tandomly divided into 2 groups on the 10" day: BMSC treatment group
(recipient, n =10) which finished experiment after 39-day treatment, and
pathological control group(n =40) which was sampled to analyze patholog-
ically. The rest 10 of the 60 rats were designed in blank control group which
were intravenously infused with normal saline. @ Establishment of liver fi-
brogenesis models: On the right day of experiment, 10 g/L DMN (dispensed
with saline) was intraperitoneally injected 1 mL/kg body mass 3 consecutive
days of each week for 6 weeks. @ Rats in the BMSC treatment group were
infused with BMSCs at a dose of 3 x 10° cells intravenously, and those in the
pathological control group were infused with the same volume of normal
saline instead of BMSCs. @ Common living status was detected including
daily diet, activity, urine and stool, body mass, fur and breath. 3 Liver sec-
tions were stained with hematoxylin and eosin to observe the structure and
form of liver histocytes. ® The content of smooth muscle a-actin (a-SMA ) of
liver was detected by immunohistochemistry to observe hepatic stellate cells
(HSCs). The activity of HSCs was analyzed semi-quantitatively by IBAS 2. 5
imaging analysis software. (@ The relative content of the degree of liver
collagen was assessed with Masson Trichrome(MT) staining so as to reflect
the degree of liver fibrogenesis. Hydroxyproline (Hyp) content of liver was
assayed by chloramines-T method. @ Levels of serum alanine aminotrans-
ferase aspartate(ALT) and serum total biliub(TB) were assessed by using

an automatic biochemistry analyzer. @ Levels of laminin(LN) and
hyaluronic acid(HA) in serum were tested by radicimmunoassay. @ Sex
determination region on the Y chromosome( sry) gene in male rats was ex-
plored by polymerase chain reaction(PCR) in the liver of female recipi-
ents. @ Statistical analysis: Significance difference was determined by ¢ test
in two groups. Mean of multiple samples were compared by analysis of vari-
ance. and the comparison of random two samples assayed by q test. Analysis
of survival was conducted based on the Kaplan-Meier method.

RESULTS: Sixty female rats were analyzed in the result analysis. (D After 6
weeks of modeling, infusion of BMSCs kept a higher survival rate of rats in
the BMSC treatment group(80% ) than rats in the pathological control group
(10% ), while rats in blank control group were all alive at the survival rate of
100%. It implied that infusion of BMSCs could improve the survival condi-
tion of rats through the inhibition of liver fibrogenesis. @ Liver histology
showed that structure of liver got obvious recovery, inflammation relieved and
pseudolobules were reduced or dissipated in rats in the BMSC treatment
group. In contrast, massive rearrangement of the liver structure including
septal thick fibrosis and bridging necrosis was obviously shown in rats in the
pathological control group. Semi-quantitative analysis of MT staining of liver
sections demonstrated a significant decrease of collagen in BMSC treatment
group as compared with that in pathological control group(8. 12 +1.98 us
15.71+2.13, t=6.11, P <0.05). @ The positive expression of a-SMA
(the representative of activation of HSCs): A little expression of «-SMA was
found on the vascular wall of rats in the blank control group. Septal fibrosis,
sinusoid and portal area were found in the liver of rats in the pathological
control group and BMSC treatment group. However, semi-quantitative analysis
of positive liver «-SMA staining showed decreased in the BMSC treatment
group as compared with pathological control group(11.06 +2.03 s
18.50+3.87, t=4.47, P <0.05) . @ Shown by PCR analysis of liver
DNA, the sry gene was positive in the liver of female recipients which had
been transplanted with BMSCs from male Wister rats(donors) for 39 days,
however that was no any positive signal in the blank control and pathological
control groups. The results suggested that BMSCs were capable of engraftment
in liver of rats induced with DMN for more than 5§ weeks. 3 The indexes for
liver fibrogenesis: the content of liver Hyp and the levels of LN and HA were
significantly reduced in BMSC treatment group as compared with pathological
control group( P < 0.05), although there was an increase in the content of
liver Hyp and the levels of LN and HA in BMSC treatment group compared
with blank control group(P < 0.05), which demonstrated that infusion of
BMSCs could reduce the content of liver collagen, and thus depress the for-
mation of liver fibrosis to make fibrogenesis controllable. ©® The levels of
serum ALT and TBIL(for reflecting liver function) were lower in BMSC
treatment group than that in pathological control group( P < 0. 05) and were
closed to that in blank control group, indicating that the infusion of BMSCs
was beneficial to the improvement of liver function.

CONCLUSION: (D Rats induced with DMN can develop liver fibrosis. @
Infusion of BMSCs can improve the survival status and liver function of
DMN-induced rats with liver fibrogenesis. 3) BMSC treatment can decrease
collagen deposition in the liver and inhibit forming fibrosis. @ The results
that the activated HSCs get lower after administration of BMSCs may be one
of the reasons for inhibition of liver fibrogenesis in rats. &) There was sry
gene in the liver of female recipients with BMSCs from male donors and it
suggests that transplantation of BMSCs in the liver of rats induced with DMN
can survive for more than 5 weeks.
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FiE: EHRTF 2003 - 082004 - 10 TEP L K ¥ BB R 2 Br i % T
ABTREZR. DS AN 6 Bl Wistar AR S RO HHE,
4> BB kIR T T 40 B METE 6 RIS Wistar KB 60 B, Hb 50 HLBE
BT AR U AP R GEENE 10X, HEEX
BRGNS0 2 4 BB TA M T4 10 R Ch3R), Tiadr 394
EHR, BB IR 40 B, 5 10 B At Eg (X
BIKEHAEEK), OFFECEREHE . ETROER, BT 10g/L
TR CEEE KA E ) mL ke, S, BREE I K,
6. OFEAFRTFHEMEITFH: BHRKRET 3 x 106 & BT
FHRB e A RS ARA IO KASIHARTAR. @3
YR — R ERA . B R WK EE O ERE R PRER
%= OFFENHEHARESEN . BIFHSIUNAR - FalaFmi
=, OFREHAKREFLBERN, AT ERUTFE o - ¥R
HEE, BemEsb ¥ an, 55 UEE BAS2. 5 BESHHRME
ERMT . OB LB IR A oA X & BT Rl Masson =33k,
TR A e R . @F S HMERSRIE . RASK TE. @
MBI E AN A EMK TR RAS ARSI OmFE
J2 R 1 FE B R K I A < SR AR e vk . DR K U BRI R
THAEMME KRR Y e diihe X EEORERN: XA
BEOMERRN. Q%o AR SBLERA (KK 24
BABBERAG EMN, BREERA ¢ B8 £FATERA Ka-
plan-Meier ¥,

R AR 60 Rt ALRMT. OSRWEFRYE: BR T,
B AEE] T M IS AYAE RN 80% , MiRFRBEE RN 10%, =5
B BB 4 A 180 100% , 8 B BA(R] B 40 U5 77 Pl BES@ 1f BRI AF£F 4
LR, W& KRS AR, QOIFFESE BN, BHf0RRT4ME
F7 40 B TR HT B S B3, A RE R BN S R D BRI A H B
F BB MRS O E YD, AL ERE R AT MR L B B AR
BICTE, R BB R G, B R T4 MR T B N I B 2
WAE(8. 12£1.98. 15.71£2.13, ¢ =6.11, P <0.05), @ ERAMH
EALHIbE S o - PHRUBSIFEAMMEERE: SAYRANAOEE
B o - PHRUIKAEANMEERSE, mREMREHS8EERT
MG HER RAFHER. FEMLEXAHEEREL, FERMT
o - PRGN E ARG, 58I 5T 8 RIE T A RRE N B
BEBAL(11.06+2.03,18.50 £3.87, t=4.47, P <0.05), @Y §: (8
Pt Bt X R K Y Wistar KR (HE4K) B88E G T40 58
{897 39 d MR, FTRE DNA 2B SRR B NERER, Y
Peta RNk E ERE A FEMME, 25 R R R IR g N X
PRt S . AR L T RS, R TE R (AT s 5 LA
F. ORBABFRLBEOTBESHERSBEROLEZREANE
BIR MK 8RR TR T HPER TEAMEBA (P <0.05)
{HEE RS FREExT B4 (P <0.05), VLBAE SR TG G EEY
BONEREEAN SR, MBS AL, GFAF4EEBE
4, @XBFEEALESBLR . RREENMKY . G E T8
MUETT A B AR TR AP <0.05) S AN EH. HHTH
BEE R TAKBIT A B TR ERDERS.

Zw. O B ETMEERNES AT S0ERNEY. Q8 8H
J T4 B T g e AT 4 A K R A AR BRI Th . QB SRR T4
MIBE LR R E = MBI R, D A8 E
S Rt A2 b i 4L A i AT EAR 40 M BB e /0 v B R R 6 (6] L 4 e ol
BB R AREZ —, O RN ERE Ak Y sk
R E X E S BB B R T A ETAEE S A
LAt

EAE TR B R AR AL /1607 s KRR Z R TRk

0 3i

REAF AR BTG R LA UM AT 4T
B, SSMitECRIEMBRZ R T K R E R ATIIRE
PRE U BFIE B, PRSI SR A8 BE IR T 40 A 2L A 58
KB GE S F 5100 FFAIBR A RE 77, B U IS AT
R AR AR A AR PRI R -4, ASEIGHUA T H
VAL SRS R EARER, WS tEEmET
g0 X K AT AP 4 TE BRI VEF .
1 MEEAEE

Wit e e REYL A B, TR

iy P KFETHRSHE TR RS LME

i

EE SRR A TR E .

Ffs. 5236 T 2003 - 08/2004 - 10 FEH L RFEH
E¥ AR TR E 5. KA Wistar
KB, HEHE 6 AR (5 2, kEE 140 ~ 150 g, 578
B REA) R T 4ui; M, 6 Al (60 R, (K& 140 ~
160 go f1 9 LW KRR SE Y PO GFTIES . 848
JIEF 2002A058) 34, B TER . s RISRER 2 1
MERZEWMEN, 8 H3EZ 12 h B8, BRFIKK
AInFRE o

it .G E RIS — B SSMER, T
SR EFEE MO RE — . B NMEE L BZT
R, K REE EFA.

Hi%: FEIAH: Dulbecco BB B Eagle 357341
MIEFRIR (Hyclon 25 7)), M1 i1E (Hyclon 22 7] ), b
Bl o - FIRUALZWE O B 7L MEDLE (SouthernBiotech
AED (1:200), R AR E AT & (RMEFE
IR AR IFRBRATD .3 ,3 - & BRI E 6177
Z (RNEETEETEAR, EFRMERRIT RES

CHRRE (LEETEEEYRERS L), BVERK

(HA) B3 S i3 4y Hrid i & (L BT EEE A R R &
L), BMERARES (LEAET), 88 T N1LFER
FT), X - R EIEEREE (SRR, 8
HIFIERE (Sigma 207D #8EH IBAS 2.5 BRI Hrik
.

KEEBEEE T A& IRAH B ITIRD,
Wl K REERETAM. 5 8 ~ 10 CF&EME
FRT4ER A AT KRR, #ERE et B
WA, WITHMHE R 3 x 10° L', 4HM7E S8
99% LU b, (AR EsE A .

FTET AL BRI 1. S IASCER (6], FESEI MY
K, BT 10 g/L —H R IHRBER (EME/KELE)
1 mL/kg, EEFS , BRAZEL 3K, 6 A BRAZ
RIS RTRE R B IR RITEHANE,

HeEE R THMBE: EERA-PRELMERL
BERIEE 10 X, EEBE KRBV 2 4. FHERE
THIpEIE T 4H 10 B, BEXT B 4H 40 2 B 8EE] T 44
BOIGTFA : 49 R RUIE 3 % 10° B BRMUR T 400
FREEXT PR LH . {8 A AR R A AR K OB B B A R T4
M. HAR 10 R KR AT AN (N{EHH— L
Ko KBRA 2 g/L 8K E L 2 SEITRRFE S , TERE AR
LbBY FF Bz Bk, B FR M AR K QU BR R AR R B
ZZERBKIEAN S EiA ki, 285 R k. 1E8 B
JETFHMIEIT 39 d |, #REIF A%, B #iTa
o

Y —RAETERS B XMEKRE &3 . FE .
REE . T FRERFN, TR EEHRERE R
FAH RN - gk, THTRNAHSHMIESSE
W RAGRBEHENEREESIAT o - F5F UL
EhEE, FAEE IBAS2. 5 HB e & a0
TS AL AS AT B R 4 AR 9 FR AR L s 2R A Masson =
8 Y 0 A0 I S AR DR B S A A S B, AT S BT
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HELER

AAER AR & & RS TR E.

MmE SARLTE e NEEERK Y- RABABS
7170 Bl & H shAE {5 Hr O .

M#EZFRHEAMBARERAKY . AN EURH,
K R SR .

REBFEECRN R A K R -F BB E] R T4 5
TEMEYE R BRAT AR Y RO TERIRE X BEERRIE,
ZEERSIYFFI A FUF: 5 -cat cga agg gt aaa gig
cca-3’ ; F#f: 5 -ata gig tgt agg tig ttg tce-3" , FifE =4y
#7104 bp; [EAFY 1 B-a ctin fENNZE, H3IFF
A EWF: 57 gt tgt cee tgt atg cet ct-3” 3 F#F:5 -taa tgt
cac gea cga tte -3, TG 7= 424 206 bp; Ky HERR{BR BA #4
1685 , R SLHEE Wistar K BB A PHREXT B

FEWRER : OFH KBTS LT AT
BB LB . @& HKRAEFRL

FitE O IR M — V&R SPSS 9. 0 B4
SEMGETH St SRBREE R RA x+ 53 AAFEAR IS L X
KH ¢ 4250 ZAHPE AR LB T Z 017, "Rt
BRF g K3, £ 5 KA Kaplan-Meier 32 .

2 H#R

2.1 HRMHyt

2.1.1 ERIHMEFRESITER  BHEEATH
BB EA R K RIRE, KA 3B BOLIE, I&
SHEEHEEE R ; AR, X BRIk R 2 T M, %
FIR MR R % 2T 100 g B, 7€ 2 d RHSET, FE3E
g RAS, (UAF 4 Rahdy, RMHALZ 7, WFIREME, 5
T4 448 . R Kaplan-Meier 22775047, WWE 1,

100 — AN
: ~F A T AR 4R
- 3

0 o

60

EFE(%)

40 -

10

0 e A s n n J

7 14 21 28 35 42 49
((FER) /d
Bl ZPARMEASORALAGLNN
—HEUHEES 6 A, BHEEETHMRIEST
HATFHRA 80% , M EXS A AR RN 10% , =
B XTI HA TN 100%, VL& REA R T 486757
nIgRE L BHOE AT 4Efb R R, MlimmE KRB AT
&,
2.1.2 BPEF4E1b 2 B IR By 6. 55 SR K2 B R 9os B 4H 47
R BN -HFaRessR. s AXBRATMAEE
AT RS, SRS ; SR BB /Dt S EEEL,
BPARARAETE | KRS8, PERIEMMAEEM, ILEXY K, &
AETE R B REIE] R T AR ARG ST LR /D et A i b B,
THEL, £T 4E B (R AR A2 |, BT 4R HES B AL I , A2 RE Wl 5%
Masson = oL a4k . R0 5 T4 4E181%
FCE X, = X MEa i m g/ bRagern

(REE 2a), B B8R T 400054677 4 (W IE 2b) SHsaxt
BEZH AR (LI 2c) , RS SR £ 2 1) H 43 A5 TR LA o
2.1.3 FFE4HE o ~ PRSI EAWBEERE o-
¥ UL Eh 3 1 PR 3 s 2 AT AL R bk 40 M E AL AR R
7 45 4k 59 T RIE 2 DR 40 D BB 435 7= A i it o 40 B S 2 0
BEATAF b & A OB, R AR S o - P
W3 2B £ B T R B BT 45 4 AL TE AR 1 30 75 A8 Th A% 2 o
25 PR B8 ZH XL I B B A 20 o — PR LS B EI RO BA
PEFRIS (LA 3a) , TG EERS BELH (LI 3b) F -5 BIE) &
F MBI T RIEFLAR . FEMCEXHBEE
Fik(WE 3¢).

2.1, 4 HEE K BLE B IE] B T 40 MO TE ME HE K BT P Y
Y Qs hpE ik K EE WK 4,

500 bp
400 bp
300 bp
200 bp
100 bp

B - Al3hZ& A (206 bp)

» el Y 3% £ P B P X 2 (104 bp)

M 1 2 3 4
B4 RoBEXREEMRKEFEGY 2EAMEMNETEAR
DNA maker(100 bp);1: B8 i6 JfF w5 77 40,2, A2 5T B840 3;
PB4 W Wistar K & Fatd st &

HETE Wistar X BUATAE DNA F0#818] & T 408814 5T
J5 39 d RIMERE X BUITIE DNA 2 B 5B 85 N N &
m, S8R Y REAEEREXIEFEIRZE P,
S AXBARBE AN THARES. WET
BEEIFR T EAIE S, BEEEZEITRAERE s B
I

M:
]

2.2 it
2.2.1 fFBMERSTBRENFEZF#HEAMERAR
BRAKSEFMATAEShERIRS WFE 1.
A1 FREOAFTFEET —FAEMAEFFHORA G FFTHL
B AR EMEBRG YA (Xts)
e R ERM BREO BRROE
(pg/L) (pg/L) (mg/L)
SHMEL 10 142.3+ 18.9 44.5+16.4 5.1¢1.5
RERTHEY 4 981.4:110.5° 214.2:56.5* 21.6zS.5°
BHERTHRGIFH 8 3952+ 43.1%  83.1:43.1°  9.1:4.7
ARREN RRER
AR " (nkat/L} (pg/g)
FAMEA 10 545.1+113.4 450+ 110
mENEA 4 3535.7 + 856. 8* 2250 + 650"
HHERTARGSTE 8 1128.6 £548. 4 1010 + 580

HEE MM, 'g=2.5~26.9, P<0.05; 5AEsTHMEILYE, *¢g=56~
18.3, P <0.05

BRI AR EMAITESRMERI AR
7% 1 7 )2 & A AE B R e /K7 . B e R T 48
MBTHBEES TEAXELE (P <0.05), BHE
R TRt BB (P <0.05), %878 880E K T 405
BITEREBBOFERFEEAMSE, A/
HHELNTE R FIFAAELEB IR . RBATThEERN
Mm% QRELAE . AR ERE/KY: S8EE T4
SFTHHARE TEAXMEA (P <0.05), HHABMKTF
JREEXTREZH (P < 0.05) . WEA T B 886 T 40 iaE
YA B T ERTARRTS
2.2.2 AFESFHAIAEE S AXBEEABRERE
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HERUE, ¥ E RSP Masson 3£, , 5 &816] i T 44
MuY4T4R (n=8) BAR A TIRIEf BeE (8.12 + 1. 98,
15.71£2.13, t=6.11, P <0.05), U= HAXRBEHM
FEMETL e e, g EErERaotndi R,
BREE R THMIEITA (n=8) AR/ LT HREXTIEH
(n=4)(11.06 +2.03,18.50 +3.87,¢=6.11,4.47, P
< 0.05) . BLBA-B BEE i T e IR IT G WIS 2R
MK RS, B T AP 4R LT iR A .
3 itig
BREIAN, “HETHEEESHREAER LR
ENEWIFA BRI GR, S 2 AGHED R
AR SRFEAN L i, (B A RN HE  E S

3 RS AR TR &£, daMIAEtE | IRSESE, 6
fERFEs i mIR T Em ., BAMIER, st R
90% 7, A< ST B F) 5 HE XS SR 4H s R T AT A SRR R

NI A IE . AL E — R T MEES WS 10
KT B860E R T e bkisik, W R 1Ll
A, 45REY, FRSMEETARRESY
WA, T X B 2R U 7 — B BT B R S 6 8
RIVE 4 RSPEFF, HETH . 9%, AREBHI T
W&, B A B S B KRR K

ASEWARIENEE S R Bk, B R T EMIAsT
S ATAR R AR LE M IS B 08 AR , AEEFBERS, B
PR B B R0 SR SR o AT TR R R Y G A R
PRER R, SR BT 4N ME T R TR R K
-, 48 555 TE A BRLEAE H B BRI, B SEaEE X,
P B B a1 R T 40 MR AR R 0 AT R B B e
A, A, EEEE 5T A AT R K R BB B
TR KOV 9 ST AR BT IR, A5 — AU E B
B T AR = A i 40 B AT B BRORAY T, SRRAT AR L
RS EIME . 1E SABLT R A4 P E R AKOR B
St — 45 X35 T B BB IE R T 4R M T REAS YK ST AR Y
IhEE. AFLIHILER S Fang 250 458 49 58806 5K T-48
MG ST M EALBOE S/ RS AR RAER, Fang % ®
A IER B M EALBRE S 1 S IF 0A 6 R I 9 B4R
A+ BT SR K 2 k] BB 8EIE R T, AT
BRAK , SR 1T, Sakaida 2510 fY4E B0 55 4 SCIQ AR,
AT ERNERES 4 AR BRALSEHmAST B
HEIY, (el LR Ta, BetfBERGFE
B 8 PSS B AT E S 8 B BE & i MUIAST ,
WA MR A BILE R, SSERRETSEER
R {5 R 7 BB DR T 4B B T B B R IR 6
FE#—L ZATHOEZA YRR,

A< S IG i i B A BEEE SR B A AT R T Mt K
BUFAE IRFEE Mt Y ks KB E W

55

55, X—REE T B8EE T HREEwEZEAT
PIFENS 5 LU LR, A KB REEUR T 4iM e 24 AT
PR G fa] 8 e AT T 4R A0 TR IR PR AL IS N IERE . —
K, FFAHEASR ER MG E e B
B Gd 5 RARE B E RN, HBUR E R KRS A
TFAr 4, ¥& RIEIRTE, = T ERE ¥, M
WEALT KRB AT BRI, (R G L SR B O, ¢
EHRE o - PEIABIES, mERBHMRIIER
TURT R, S8— R ARIELR 1. 4
SR, BEERR T AMIGTFE T o - FWEALL
SHBEFE AR 20T X ERE, g iEsd
KRR PELSNTER AR E DO 62 B RE
] 51 T 48 R AT £ 4 LT iy R 22 — ¢ T Sakaida
UV & B AE Z A K ST 48 R GE = K P
RERTEHEEBAK 9, 5&EHEIIEREMENX
s, DHRLSHMTHRTEREERSS T EAK
SEESRRIIERR . Fang 50 B4R 76 2 4 AT HiE 9 REAE R U
FMASKR IR 1E R R i, (HEEAR Y, 1% Kanazawa
2 U AR, XSS e W T AR AR A TR SR EIRIT Y
0. B, BRI THRMAAES, B THEN
AR, AT BE L0 B LI TE S (L 6B, XA AR 4R 1L 4w
RO AT EEA S E I, B R EL SRR ARHE—
B R H A A5 R AR VY

A SLIG R A Ao b D39 vt B8 8] IR T 40 e bk e
B _HRERWHEBESORE, SRR 5
AR R S BMMEFEIERIMNES TIEIEETH
A 1| BT T 4 XS AT £F e T STV E Y, X — 5551
FRET EREEE TaReE AN AGRRaE, &
R 4L MM HE IR IT R T — MR E,
(H2,3 L&EH22-2 1)
4 HEXHE
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