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Abstract

AIM: To investigate the effects of transplanting
interleukin 10 (IL-10)-modified bone marrow-
derived liver stem cells (BDLSCs) on
accumulation of extracellular matrix in fibrotic
liver in rats.
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METHODS: Rat beta-2 microglobulin (§,m)’/
Thy-1" BDLSCs were isolated by magnetic
bead cell sorting (MACS), and transduced with
adenovirus-mediated IL-10 gene. The level of
IL-10 protein secretion by BDLSCs was assessed
by ELISA. The rats were divided randomly
into four groups: normal group, model group,
BDLSCs group and BDLSCs plus IL-10 group.
IL-10 gene-modified BDLSCs from male rats
were transplanted into female liver fibrosis rats
via a branch of the portal vein. Sry gene was
amplified by PCR to evaluate the implantation
of BDLSCs in liver. Collagen area in liver tissues
was detected by Van Gieson's (VG) staining. Ex-
pression of a-smooth muscle actin (a-SMA) pro-
tein in liver tissue was determined by Western
blot. Hydroxyproline (Hyp) in liver tissues was
quantified by the alkaline hydrolysis method.
Extracellular matrix (ECM) proteins in serum
were quantified by ELISA.

RESULTS: BDLSCs were successfully isolated
by MACS. IL-10 secreted by IL-10 gene-modified
BDLSCs presented persistently at a high level.
Transduced BDLSCs were implanted success-
fully into impaired liver. Transplantation of
IL-10 gene-modified BDLSCs lessened deposi-
tion of collagen, decreased a-SMA expression
and thereby suppressed activation of hepatic
stellate cells. Compared with the BDLSCs group,
the level of Hyp in liver tissue decreased mark-
edly in the BDLSCs plus IL-10 group (255.0
50.5 ug/g vs 373.0 £ 26.7 ug/g, P < 0.01), and the
levels of ECM proteins in serum also decreased
(405 £ 7.7 ng/L vs 79.4 £ 10.3 pg/L, 61.5 £ 16.4
ng/Lvs77.7 £12.6 ng/L, 14.3 + 0.8 ng/L vs 14.9
+1.5ug/L, P<0.01 or 0.05).

CONCLUSION: Transplantation of IL-10 gene-
modified BDLSCs can effectively decrease ac-
cumulation of ECM in fibrotic liver in rats, sug-
gesting the potential utility of this novel com-
bined strategy of cell transplantation with gene
therapy for the treatment of liver fibrosis.
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stem cells reduces accumulation of extracellular matrix in
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il B

HE: sFMIL-1048 B AS45 B 45 R AT T 20 i
(BDLSCs)# A8 x4 BT 45 44t K R 4w Ao b A i
(ECM)#A2 % 04 %A

FiE: AR S )& mEzk fn i 4 ik (magnetic bead
cell sorting, MACS)7 i %-i% X #.B,m/Thy-1"
BDLSCs. #igsm /- F81L-104A H # 5 £
BDLSCs, & JAELISA# AN IL-10% & 4k K
BB R R AL A4 B, BRI
BDLSCs#1 % BDLSCs/IL-1048. X APCRE#
MY F &R MR 2 KAESry; RIAVGHE &%
LI T 28 4R B JR I AR d AR, Western blotikx s
M T 48 LR o--F 7B LIL S %% & (a-smooth muscle
actin, o-SMA) & A ; 5K R ARIK iR i Ko i) BT 48 47
# Ji 2.8 (hydroxyproline, Hyp)i& & ; ELISA %
ol e A E A RR(HA) BE#iE & G (LN)F=
I 2257 A R (PC I 4 4m RSP K &2

Z£R: MASCikakm o4& 44/LBDLSCs.
IL-1016-4BDLSCs#F 4: & ik 53k 1L-10% &
Z RSN, ARG HRRA) A T A, REBKR
WLAR, IRV o-SM A KK M 47 ) I K 4m e
%1, 5BDLSCs#i b3k, BDLSCs/IL-1041 X
RAT L2 Hyp/K-F 2 3 H1K(255.0£50.5 pg/g
vs 373.0+26.7 ngl/g, P<0.01), f2i5HA, LNA
PCII A F 4 A FTIEAK, £F BA %it &L
(40.5+7.7 ng/L vs 79.44+10.3 pg/L, 61.5+
16.4 pg/L vs 77.7£12.6 png/L, 14.31+0.8 pg/L
vs 14.9+1.5 pg/L, P<0.013%,0.05).

2518 IL-1048 15 4FBDLSCs#S AE 48 A 20, Y
4 it K AECMEIARE, A8 J7 IF 45 44k
R T B

Keia: BREEMEFTHE; aAEL0; FEE
ft; MRS ERT
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03I
AR, Wkl B 88 140 i (bone marrow stem

HHEVAIE T T4 fd(bone marrow-derived liver
stem cells, BDLSCs)ff1 &34 8514 s 176
I BRI T T A R R A R, AR TR
BM SCs it T 41l i 43tk AN a2 PEE. 4R,
18 V973 2 88 T K [0 JHF £ 4k A0 AT LRy 8k (¥ 9
FRARFAE, R e T 40 v/ R0 4 i A 5
(extracellular matrix, ECM)ﬂfE%ﬂ&Hﬁ%ﬁ, Dihe
11 FRABDLS CsEIARBEAT 2k PEMECMY. [H Ik,
KHUH4iBDLS CsFE A A 7 JIF 4T 4k 4k vl g Jov2:
AT AR L B4, Wl i BMSCstE
SR AN 41 B A 1 [ B SR ASHIE EE C MR A 1) R
JIWe? B VFRE FCHEAT HE BB M AN 2Kk Sk — R AR &f
PIERE. BATAERT WIS b, CORe bt 2868 K 7~
1/ % 10(interleukin 10, IL-10)JE K IS
BDLSCs" . ey 58 FRAT T 15 AECKF TL- 103 PR &
FIBDLSCsHAE AT EF4Eb K AR, LUHIAF]
AR EECMFE AR H (1, h4xTil . A
TRTT AT A SR AT T

1 RIS

1.1 M4t DMEM/F128 753, i 4 13l o 56
EGibco/™ih; % ik Bk 52 6 4y i i 7 &k
IEEKStem Cell A ]/ wh; RPTK HHEH
(albumin, ALB)Z W BEHTIA N S EDAK O™ hir;
/NRPUK B IR 22 F (a-fetoprotein, AFP)mAbD
HEESigmart i, FITCHIE BE P18k
FOIgGHUk 3L ETackson)™ iy AZ G AR5
DAPIAEESigmar™ih; KHIL-10 ELISAIX
F & R&D ™ il /N RBTK Blo-~F 1 UL
A8 1 (a-smooth muscle actin, a-SMA)mAbZ4
K ESigmay v 7 il /N RPTUKEB- WS E
(B-actinymAb 4 3£ [E Santa Cruz /A ] 7™ fi; 325 BH it
f2(hyaluronic acid, HA). JZ2451% 5 1 (laminin,
LN). 7575 (procollagen IIT, PCIINELISA
RGO EHR 0 ™ ahy BRI 2R
(hydroxyproline, Hyp) 5 &l i i 771 & A e st
FAED RIS b

1.2 7%

1.2.1 %ok mEzk o ie. 4% (magnetic bead cell
sorting, MACS)i% 4-i£B,m/Thy-1" BDLSCs: %
SCHR[214 F G 98 2k 5 ' 43 1 i &, AL
EEHLT dif & Wistar K BUBCE R B o i
B,m’/Thy-1" BDLSCs.

1.2.2 IL-10& B 4 $BDLSCs A ZIL-10% 357K
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F#rml: BDLSCshi3#24 hjm, 2B AR MR i,
H 99 BE A 3 (W TL-10566 PR DL e {4 4 52 40500
pfu/mL" %% 5 ABDLSCs, fi#57%24 hjm 11k
BRI B, BGH 2 7 5 )5 I A0 iR 4k 885 97, 4y
M HS2. 40 64 8. 10 dJ WAER IR L,
ffEFHELISARIIL-108 15 &, RLIL-105E

1.2.3 CCLIFFHIT AL R ABRA G Z LR
miaA A @ Wistar K REERAL 3 44 (DIE
i 2 (normal): B2 RSN (3 mL/kg), &FJH2
W, BRI, SRS wk; ()B4 (model): ¢
NYES AR 50400 mL/L CCI(CCl, : B il
=213, 3 mL/kg), { SRR R R IEH 4, T
4 WKR I bk 23 S i o v AR B 2R 7K (normal
saline, NS)1 mL, 1 : 10009k 2 FF ¥ _F iR 25/NS
FE ARG A 11, SN, 1EH 1R F%; (3)BDLSCs
Yl IEBTE IR, T4 whoR & T K4
Y B,m /Thy-1" BDLSCs& i1 mL(2X 10’
cells/l mL NS), Ji5 2Eab# [F#E 1141 ; (4)BDLSCs/
IL-1041: %vEY AIL-10%E K & 4B,m /Thy-1"
BDLSCs& 1 mL(2X 10’ cells/1 mL NS), 4[]
BDLSCsZ. Kl T8 wkARALSE, B HL 4 M
JHF4 23 25 H.

1.2.4 PCR&E#A MM A X XA HBDLSCs#)
FA T AIZUERZ4IDNA, 7PCRY 3,
GAPDHAWZ. 5w F: Sry(NM_012772,
53°C, 217 bp), 5'-“CATCGAAGGGTTAAAG
TGCC-3'f5'-GCTGTTTCTGCTGTAGTGG
GT-3'; GAPDH(NM_002046, 58°C, 450 bp),
5'"-ACCACAGTCCATGCCATCAC-3'HI5'-
TCCACCACCCTGTTGCTGTA-3". PCR % W 4%
14 94°CTHAZPES min; 94° CAS 30 s, AHIVAR ki
JE3B k45 s, 72°CHE(HAS s, FE30MIEIR; 72°C 4E
{7 min.

1.2.5 AR @AM 2 RHIVGYL, %
AL LA D) R B 28 7K, TR AR IR 44 10-15
min, VGH4L1 min, Yeig, M1, K, #8, & A,
N HImage Quant 5.1&5 73 #r AT 0 B e (5
AR T 52 2.

1.2.6 Western blot:Z# M IF 4122 a-SMAK & £
i R ZUE A, i, 5SDS FAEZ iR
£, 100°C /K n#3-5 minffi 85 (481 H,
EFE, UK, DI, WEFE B AR T 250 mAFSPVDF
J35-40 min; 1 X TBSTYENES min X 3¢k, & T4
B PRI — LD B PTR Ha-SMA mAb:
1 2 1000F%¢, /MRPUK I B-actin mAb: 1 : 500
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Fik)h, 4 CRENR; 1 X TBSTYEMRS minX 3
R, BT XTBSTHE M —Hr(HRPHR L L=F
i/ IgG: 11 5000 8)H, 25 CHEHE2 hy =
HoRDG, I, W, € 5%, K H Quantity One 4.6.2
1-DAKJSE 53 B A 000 e A P AR, JEAT AHR o B
1.2.7 #K M x4 M IF AL Hyps 2 FRIUIT4L
2, D BB S BT, A6k
FETE, 76550 nmAbill & WO A (A ). WA
XN Hyp & (mg/g) = [(WEEAM-2 A
A/ (B HEE A -2 VA X AR & (S
mg/L) X [ZK B AR (10 mL)/41 4L .
1.2.8 27 HA. LN. PCII A F4ml: KH
ELISAVEM &, #AF 0 B4R & 1t B kAT
Gt FE %R Dimean+ SDERUR, 41
) L6 35K 5 2243 BT (AN OVA) 8K ruskal-Wallis
KL, P<0.050 75 e A i vl 24 i X

2 B8

2.1 BDLSCs#4 4 & BT tm B Af & A 64 ik ]
MACSERERL) 73 25214k B,m/Thy-1" BDLSCs.
WA BoR, 33k 5 B,m/Thy-1" 40 i R 48
1511796%, LIS 1K T-95%.

2.2 IL-10 A B 4 BDLSCs#9IL-10% #k KT
ELISA% % 5or, IL-101&1BDLSC s ()
IL-107K 7B & i T H4iBD L S C s Al 25 2% it o
BEMBLDSCH 73 W 7K~¥-(322.38£28.73 vs
46.11+£7.36 vs 43.9849.14 ng/L/1 X 10° cells-48
h)(P<0.01, K1A), HZ/DHrE6 dE mik K
(KI1B).

2.3 BDLSCsH AN 52 & KRY Stk
PER e FE KISty PCRAGIN &5 F I, #oAtd wk
J&i, A AMEEBDLSCs P T, BDLSCs4l
MIBDLSCs-/IL-102H I JH- 20 23 5 5 Sry H PRI BH
FIK, T IE 4RI 20 ) (1&12).

2.4 TL-102 B 154 BDLSCs#% A# &4 AT 20 22 A JR I
AREH ol VYO g TRz, BRI K BT 21
P B S T A (L G DX ) AT 52 IR, HE /N P 25
FZEL; RABDLSCsHAE G, ML JRTTR
BT, CFYERIBRASAN, JH/IN 45 25 Rk
MIL-103% RS MIBDLSCsF i J, AT ZH 2 I it
TR B ek, 2T e R AN B 58, TN 5 4 2L
FEAW R (K3).

2.5 IL-10 A B4 4FBDLSCs# 3 HSCiE L
#9350 o-SMARIAIE 3L H S CHE AL 1) ZE by
. Western blot4i B EoR, 5 IEH 4LA L, Bl
HRKRIFAL N a-SMAEARZREEENS

| BN
AR AR
HRERFTFm
fe., #)AIL-10%
B #*BDLSCsH
LA ML AT A
Yete, —FAaEh4e
K, FAT W&
W) % P P &, I
¢ Y AL 7T AE AL 3
WEFFAER, £
& G 9T A 4
AL =27
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BEHETTiE

B, AR AN
HATFIE T, A
PR ERE.

paxi:) HA (ug/L) LN (ug/L) PC Il (ng/L) Hyp (ug/g)
IERAE 34.0+7.7 50.2+8.6 12.8+0.6 201.5+27.1
BRI 107.5+16.2° 105.3+6.6° 418+21° 464.8+72.2°
BDLSCs#H 79.4 +10.3% 77.7£12.6™ 149+15° 373.0 +26.7
BDLSCs/IL-1048 405+7.77 61.5+16.4" 14.3+0.8° 255.0 +50.5"

°P<0.01 vs IFE4AH; P<0.05 vs ERI; 'P<0.01 vs BDLSCsH.

A 400-
o
S 300
X
<=
s 200
M .
X
=% 100+
2

L

BDLSCs  BDLSCs/Z5f%#& BDLSCs/IL-10

B 400-
= 300
X
<=
2% 200
-
X
=% 100
0 i

0

2 4 6 8 10

B 1 IL-10EE{SHBDLSCSHIIL-T103h. A: 2727 HIL—10
S EHIELISARSN; B: IL—10{&1HRBDLSCs WAL — 10K
I

J_LLL(M'J

(P<0.01); BDLSCsZHo-SMA [1) 432 NI R 700 21
B {2 N (P<0.01); 1fBDLSCs/IL-10410-SMA [
Rk 8 N BDLSCs4ldt— Pl /b(P<0.01, K4).
2.6 1L-104 B4 45BDLS CsfS A%} fe iFECMAK
BT R Hyp A2 49 %m MEHA. LNAIPC
K- fig S AT ZH ZLECMIFI TR R E . ELISAKS:
Mas R oR, BAH KR MEHA. LNAIPC
TR P2 1 41 B T =5 (P<0.01); TTIBDLSCs
ZHFIBDLSCs/IL-1041 1 FiR3TiFRARI 22T
B, SRR A L 22 7 A Fe it 24 L(P<0.05),
LT H A RIL NG P 20 45 5 2 B 4036l TL-10
HEREMBDLS Cst i 20 T H14iBDLSCs
BH(P<0.01, £1). H—Rg R Ex, B
AR WA AU Hy p & 58 IE W 41 % 3% T+ s
(P<0.01); BDLSCsA1 B4 A7 It B [%(P<0.05);
MBDLSCs/IL-104] X #BDLSCs41 W] . FZ{%
(P<0.01), BzIT 1E 5 41K F-(P>0.05, #£1).

GAPDH

2 FHERYREEMRIREER (Sry)BIPCRIZN. M:
Marker; 1: PHMHSSHIBZE; 2: IEH52H; 3: #7920, 4: BDLSCs; 5:
BDLSCs/IL—10.

3 e

JHF 2T 4k A 45 Tl 2 95 ¥ 2 O JHFA A £ 0 28
B B, JLIE A 1) R A L HL A AN [R] - At 9
U PR T S v | Ja A AP T A s R
fiE, BILEThREME A0 L AH X k> 1 IR I, A7 A
ECMI¥ i BERAE. 4RiM, BDLSCs H B {2 HFECM
B gt 00 T 2 2R AT A A0 T BT 6 0 A A
PR, K 08 A TR S5 ) P 2T 4 S 2R AR A K
2P ER W, 2 IR, BABDLSCsHE
FVR T AT I RORASEEN TR i fgofs i 3
BRI AR Y FH 140 i, D) AT e AE — o R Lok
T BUOBUN FH () Bk, o EARIALY. P SRE N
FIL-102& 18P 93 1 3 B89 IR 7, e il
F S S, LACRAP 40 B, 3k 1 ) 4% A
STV RE JBORITAZ R 1 BYG P S50 4% BELL 27 44K
1% LE AR e IL- 10164 BDLS Cs A% nl it
AT P 90 OV IR . EC M A LA AL
BDLSCs/f355. Rtk FATEAE H AT A0
PLEF YA A F-1L- 1005 K 7 3 ABDLSCs i FAT
RN B A, LU SRECMBE AR 17 .

BRI T L LR 1T K 53 SO AR I R
AT 2 800 (1) sl S0 55 FH 28 90 ) 5 ik dan J28 5 ik
T BT IE IR ] 44 5 R TR IR, IX 45 BRAIG
T T 1) 400 PR K, A 2 KT 4 L 485 A 1)
TR YL, 45 2N A TR BT AN G I,
o1 1HR KO SO, BRI L, AR 2 AR Al
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“abp

ol 5‘ T ¥

r.\‘.. .
5

3 FHALNREREIROIVGRELER(x 100). A: IEH4H; B: A4, C: BDLSCsZ; D: BDLSCs/IL—104H.

A 1 2 3 4
0-SMA I —— . 43 kDa
Bractin - Wk e——— 2 kD2
B ) b
o
E 0.75+
g d
E a4
£ 0.50-
&
T
2
< 0.251 f
2 —_
Lo
® 0.00 L
IEH4 ffgH BDLSCs BDLSCs/IL-10

4  FFRRARIKo-SMABIWestern blott il Kz EEDHT.
A: a-SMAFERWHMAER; B: a-SMAEIKNTEDHT
(a—SMA*DB—aCtinWETEZ[:E). "P<0.01 vs TEHZH; P<0.01
vs ﬁiﬂéﬁ, P<0.01 vs BDLSCsZH.

A0 RN T T K T A T A, L T
X AR B AN B A5 ()1 TR K I K,
LIS 5 A Sy b, BN — 2 5
AT A MRS A, HE AR D, AR Uk 25 W
[E a5 TS 15 I ST %0 1 N S (b i PO G 7
SRR IRY He o A DR A A6 I LA SR E A4 4 i
FERF NI RRES BL, 45 R, 2 TRk > SC
FLREUS R BDLS CsA7 24 T ATUE, 7EAT WA R 2
DUERR4 wk.
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JHF 41 280 J T R e o B ok O 1 X
WEE C MU FR JE B FE b . FRATTad b W 458 i 3,
IL-105:NE1HBDLSCsf Mt 4 BDLSCs%
B R 32 17 B 98D T A A A OK RRUREE 1
SRR, s AT R . AL Hy plfi
A A S R SR AU A DU ATE CM AR A SR 45
JAESE, TL-103EEMEMIBDL S C s i nl fi 35 %
AL Hyp & &, SLH0EIE A 0 ok 1 gl
BDLSCsH .

HSCHIWEG FI IS I AF il R 2B R
B IR RS I, HS CHRR Y 2%,
BT R, LB N a-SMA =3 %2 6 R 4y
ULET 4 BRI BT, £ RN 23 i K R 4k A2 K IR 1
-B1(transforming growth factor-B1, TGF-B1), 4
HSCTEHALIR A, i K RECM!, Ha-SMA
(1) 2 TE B N Ky JE HS CHUTE I AR &, & 3 L AE
UG HS CHUE I Fa br 20 W5t R W, gl
BDLSCSHIIL-105:KMEHiBDLS C st A# 32 n] fi
A et KU AR M a-SMARIE NI, 7E3
PRIKP _EFIHIHS CIIBeS FAL A, JELAIL-10%E
RUEABDLSCsH AR T AL R4 4 FH B o (2 3%

MEHA. PCIIRILNZEECMK VX T 47 4
A2 W A7 ) e B R Y Rk
I, FABDLSCs HIL-103E REMBDLSCsH
FEAR I3 P CTIIK P AR &5 [R), i 7E R M HAR
LN 7, IL-102&RE B DLSCs# fE 1 fE
FHUAE T $. 4 BDLSCs #% .

| PG X4

B,m /Thy-1"%
BB M AT T 2w
fo: ANE T m
JoL A 4k b ey —
Ao BE, A
R R R A A
Thy-1(#° CD90) &
M, Bom(FFB,-1H
HEG)A K, %
F 2o e b B A ik
FF om B4 S b A
A A ) AR
sy e, B
HAEAR A “B,mT/
Thy-1"F # & &
FFFaape” .
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