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Flk1* Mesenchymal Stem Cells Ameliorate Carbon
Tetrachloride-induced Liver Fibrosis in Mice
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B OE HIBUAMARMLAANLGN BRI THRIAHARLHEAXNEF TR FB LA, P (feal liver
kinase) 8 4 @) % F 8 A (MSC) #4542 o9 R A B (CCL )P 8] R 4F L. JR4# 4 BALB/c QR R, A A Flkl T MSC,
M GOl # M SR H R A CCL M55 2008 | A G RAFCEA Fli® MSC,2 & 5 B G # ol & 4 AU AL &
MR AR A . BREI CCL MBS 2 I RS Pk MSC, T AP AL A A Rl 2 B Y R R,
EHBERARASFA AN FRLEFIETHR ARG L A AN MBI AWEEL, RAREPCRARARGEELA
HHE AR AFREAEEmBEA L EAMEBA fRALGE AKRERY . AR Fk MSC A A & E G HEARN
MRS ATREFFARGAREE L RE CC, FHAFIFRL.
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Abstract  Fibrosis i¢ the common end stage of most liver diseases. Unfortumately, there is no effective treatment available
currently. This study was designed to evaluate the effect of Flk1 * mesenchymal stem cells (MSC) from murine bone marrow
(Flk1* MSC) on fibrosis formation induced by carben tetrachloride (CCL,). In this studv FIk1* MSC were isolated from bone
marrow of male BALB/c mice. A CCl, induced hepatic fibrosis model was used. FlkI™ MSC were systemically infused
immediately or one week after the female mice were challenged with CCl, . Fibrosis index and donor cell engraftment were
assessed two or five weeks after CCl,challenge. We found that Fk1* MSC transplantation immediately, but not one week after
exposure lo CCl, , significantly reduced CCly-induced liver damage and collagen deposition. In addition, levels of hepatic
hydroxyproline and serum fibrosis markers { HA, P-I-P) in mice receiving immediate Flk1* MSC transplantation after CCl,

challenge were significantly lower compared to these of control mice. More importantly, histological examination suggesied that
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hepatic damage recovery was much better in these immediately Flkl* MSC-treated mice. Immunofluorescence, PCR, and

flucrescence in sitn hybridization { FISH) analysis revealed that donor cells engrafted into host liver, had epithelium-like

morphology and expressed albumin (AIB}, although at low frequency. In conclusion Flk1* MSC might initiate endogenous

hepatic tissue regeneration, engraft into host liver in response to CCl; injury, and ameliorate its fibrogenic effects.
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Trersfb R HE KR B FREAL, R A S
R ERE, BRTTHEANBRTNETE
BECHAFRNY A TR WERMARKE
(lamivudine) xR E R F TR EFRIF, UK
BEMETFR—#E. FBEERTAHNRF
BUKERFE S FEHFFRELET%. HEHTE
HBEEHREAR FERHNBEEREBRE DX
HF—SEEMRHHES IR EEHE THME A
HHAYHFEERE NPT ERT T,

ERENMEM - EEEMHRIER, XAH
AR THRESDEBFR, RS ERA
HEEE T AT AR B T MEIT A ERR
T HrAE.

AR CCl 53/ BURT A 4 b 5 B K i
F Flkl (fetal liver kinase) BH {4 fA] 38 /& T 40 KL
(mesenchymal stem cells, MSC) X fiT £F 4 & (9 &2 1
ZREN Flk1- MSC REE R T AR NFEERE
FFALA TR, A A B4 R A0 B R 2 - B 4
&, F£iXAEA (abumin, ALB). TMH, REE
R A MSC A BERUR BT £ 45 L A .

1 Ak &
1.1 LR

6 Y BALB/c /MR, 18 B JL 4B P46 5 30
MEARARAT-

1.2 FERXPMHH

CD45.GlyA . CD34 % 2k 1§ T Miltenyi Biotec 2%
E] ,DF12 .MCDB # F Sigma 2 8 , Fi 4 i1 #& & Gibco
S = f, Flkl FUIE TS F Santa Cruz 4% A], CD34,
CD45.CD31.GlyA .vWF.CD11a.CD11b 37 {& My -F 5 £
EMTHEERL A, FHA R ALB 11K T Bethyl
Laboratories 7+ 8], Cy5 il W R E _HWE T
Jackson Immuno Research 2% &), /M, FITC ¥ri2 Y
B IR R R A 2 22 AR & A Innogenex 2 ) 7= 4 -
1.3 Flk1™ MSC R4 B3

HERE FTEREY BALB/c NREFRESE,
B 88 (bone marrow, BM), & 4 S8k R E ik,

mesenchymal stem cells, liver fibrosis, transplantation

Ml Ml B W . A Ficoll-Paque (1.077g/mL) 43 5
WA, Bl MACS CD45,GlyA F1 CD34 REBk %
BRiE ARG, LA 107 N /mb % B E AR FE 25em” O35 57
WEPY . K% 3R 5r A 409% MCDB.55% DF12 .49 B
AWM. 100uwml HEEEH 1000/l HEE, BT
37C. 5% CO, BEsrfidE 9. 4h A HEIFHME,
MRSk 70% B, 0.125% BERE AL 3F L 1:2
HEFR, XM ERERUENR 0 KU L
A%+ CD34,CD45, CD3t, vWF, GlyA, CDl1a,CD11b
BATE, Flkl [ (R R R2R). BmMBAFRZH
FIk1*~ MSC.
1.4 CCQl, FF%530 Flk1® MSC B8 A

F5 METE BALB/c BLEEHL ST 0 4 (20 H/H) . 1
~3HHEET CC, EB (Imlrkg (KH B TE 1501
FAMP)BRE 2R EFNEEZER CCL 2KS
JJE4b3E . 3 B #EYE BALB/e B Y Flki- MSC £ R
BIRESHAZEROY/R), KPS 24 (61
P CCL ST BB T E B i 5F . 50 3 (G M
Aec, —RAEESEEAREEE. $1 461
EERBHARSE KT, F4HGHRET
EoKm ERERIE, £ cCL, 285 B, &
HANR. e ZRFREENEHY, A aE, 1)
Ro FPRESFALES 5> M AW B v RITFE - 70°C,
FTHRBAEFEN DNA #1.5 RNA. WOE M # , 7F o T
INREFOATEF HE b6 45 .
1.5 ALERAleBLLRe

R A ARE- L E Y 68 Masson =
0,3 66 3 R £ 0 AT RE M B SE R TE R LA R A AL
WMEF. MUEHE ALB W EHER AN OGS 1T
ICH R E ST ALB Mg R 6, A/
RYROEFFHERET Y ROERCEM R
(FISH) £ ] .
1.6 FEMZKE SRS S

B % Yoshiji 5 M4 B, H 200mg 7K % 7 4
ERNERERSRE. SAHEANNRHOER
WAL BRI E . I B B AR (HA) AR AT R A
BEHP-I-PYRIEHES Yoshiji A MR
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1.7 PCR

FH PCR S+ HEYE 45 B ¥ Sry 3, 5'-CAG CTA
ACA CTG ATC TTT TC-3',5'-TTA CTG AGC CAG AAT
CAT AG-3', R W & 1 #:94C 3min, 94C 30s,50C
30s,72°C 2.5min, fE3 35 K, B 5 72°CEE M Smin,
BEh, AR PCRENTELIREDHRUERA
F-81 (transforming growth factor-1, TGF-81)#l o-F ¥
LA 30 & 3 ( a-smooth muscle actin, a-SMA) BIFE 1%, LA
B-M B E 1 (B-actin) W EREHE ., 519 : TGF-pI
(498bp) ,5'-AAT ACG TCA GAC ATT CGG GAA GCA-
3',5'-GTC AAT GTA CAG CTG CCG CAC ACA-3';e-
SMA(368bp),5'-CTG GAG AAG AGC TAC GAA CTG
C-3',5'-CTG ATC CAC ATC TGC TGG AAG G-3';B-ll
7 B (319bp) ,5'-TGT ACG TAG CCA TCC AGG C-
3',5'-TTC TCC AGG GAG GAA GAG GA-3'. KW %
#%:95C 5min,95°C 30s, 60‘C(TGF-[31)EE 62C (e-
SMA) 30s, 72°C 90s, & 5% 30 K, B /5 72°C i fi
10min,
1.8 ZFit¥ERE

it B LA mean +sd TR, FARIHPERHR
5 1\ Mann-Whitney UK 3, P4 LI F S H B HEE
RHRE L Kuskal-Wallis 8, P <0.05 Y ERE
EEEN . P<0.0l HEREABRBEENL.

2 &R

2.1 Fk1' MSC# CQ, S5/ hBREANEANRS
%

i %L A EZBRET A S MSC ERH
# W 4 B NOD/SCID B ( non-obese diabetic/severe
combined immunodeficient mice )& W J5 , BE % 4 1k 4
AInREmFa . FBFEh, col M s ARG A
FE 2 MBI HABEZEHPDBROFERE, B Y B
4k FISH (7 B i B0k B LA AIR(RE
G5, FANaEHACEXENRALRARERY,

male

srym

B

B 1 MEESEORATEEF ) Sy B ALB /Y Refabk” 4R

Fig.1 Presence of Sry gene and ALB/Y chromosome-positive

cells in the female recipients

After five weeks to CCl,, recipient mice were killed and livers were
processed as described in Materials and Methods. (A) Engraftment of
epithelial cells was detected by staining with antibodies to mouse ALB
and Y chromosome FISH in the liver of G2 mice {b} and G3 mice {¢).
In G1 mice (a) and G4 mice {d), no donor ceil was detected. Mouse Y
chromosome painting probe was labeled with FITC. Green signals
indicate Y ch positive hepatocytes. (B} PCR analysis of Sry

gene in the liver of experimental mice five woeks afier CClyexposure.
The 800-bp band is shown in normal male liver. No signal was detected
in normal female liver. A distinct band was observed in G2 and G3
mice. Flkl*
CCL,. Mice in G3 received Flk1*
CCL . Animals in G] received the same volume of saline and served as

MSCs were injected in G2 immediately after exposure to
MSCs one week after the first dose of

control. Mice in G4 received only comn oil and served as normal control .

RS R ALB(KEFS) (B 1A), 74,5y #£H
B9 PCR thiiF 5K 75 33X 7 41 32 {4k i P JiE o 29 3k A B
AR MM(E 1B), BRE, % CCL M2 A4
FER)SERA /MRS , R M B ALB 1 Y-Hefalk
MEEMMRE(ER ). #n, HEAREH Flk1® MSC &

1 Flki* MSCH CCL, RG2S BERERIERNER
Table 1 Effect of Flkl1* MSC on murine liver function after exposure to CC\, for two or five weeks (W)

Mice HA {ng/mL) P-1-P (ng/mlL) ALT(w/mL) Total bilirubin pg/L)  ALB" /Y-chromosome * cells
2w SW 2W 5W 2w 5W 2w 5W 2w 5W

Gl 145.2+18.4 181.3+£23.4 29.824.0 39.7+5.2 189.2:37.2 216.3+47.6 120.1+20.5 124.821.2 - -

G2 29.8:11.6 39.1:5.1° 8.9x2.7° 13.1:£2.9" 136.8+28.7" 79.6:+6.4" 117.4x23.1 121.4£20.1 - +
* 1 t

G3 134.8+19.8 183.1+£27.6" 30.124.1" 37.9:+4.9" 181.8+24.9" 213.7+37.6" 122.6+22.5" 120.2£23.1 - +
¥ - ¥ f

G4  9.622.0 9.8:2.1 1.820.7 1.9£0.7 41.927.1 37.7+6.9 50.4:20.7 51.1:+20.4 - -

* p<0.0] compared with the Gl mice; 1 p > 0.05 compared with the G1 mice.
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CCL, %3 £ 1) =2 1A /I B B b BE 98 23 46 0 7= & ALB
40 M, {H3X — 1) 20 20 4 5 4 40 B A Ak ) 2 R R R
HRAR, TRRFE 2 HMUE,
2.2 FIk1® MSC B3 CCl, SEMFFEL

CCl, Ab2E 2 A fo, & SE R AR oT Wiz
BRI H1~3HZ AR EXER (K 24). M
ESFLUGE, 5 2 AR ZE R FE G B 4 1.3 408
B4/ (K 2B).

Masson — & Y 0,3 5 /R H CCL, 4 ¥ 5 J& A L)
RO E WL AL . B — /D B R B R
AR i T8 U (B 3A) 58 2 2H 2F 4 1 P2 2 Al ok

BE3B),BEEHEH CC, J5 1 FAEEZ Fk°

PSR Ak grat A L R o

B2 col abm2as HiE &R H HE 3 6

MSCEMMFEIHEFE 1 HAMHELEEER (B
C)o 1E % B4 /N BUR T B TC 4T 4 b & 4 (B 3D) .
CCL W s F)E, IFEEHEAmRTES 14N
516 + 84pg/g, WA i i T IE % %F B 41 (48 + Tpg/g) o T
EEZ E A CCl, JG kS BT FilklT MSC B AR
F2H N 128 + 21 pg/g, RE W] B & FIEH A8 {H
B AT B REK. 53 AR AR S AT
WA (482 = 69pg/g) 555 1| AIMI L BG4 2% 5
55 2 A/ BUML T P M EF 4R AR S HA P-TI-P LK
ALT 5% 1 HAH I B PR AE, M 3L KM B % 5.
1~3HMFEPLHLEKFLHABZER(E 1),

Fig.2 Representative photomicrographs of the liver 2 (A) or 5 (B) weeks after CCl, exposure in
Gl (a), G2 (b), G3 (c), and G4 (d) mice
(A) after administration of CCl, for 2 weeks, the extent of liver degeneration/necrosis was not significantly different among mice from G1, G2, and G3. (B)
five weeks later, however, areas of liver degeneration/necrosis were smaller in G2 mice compared with those in both G1 and G3 mice. Paraffin-embedded

sections were processed for H E staining.

2.3 TGF-p1 #1 a-SMA mRNA f)Fix

%1 A5 3 469 TGF-B1 Ml o-SMA mRNA /K F
AR & T 2 4 (& 3E),
3 it

bligc 25 S a1 NS Y K= R Y
RHAAHRBEE S LMERMBTARAE
PR RmMEZAMMER. KETHARES
CAl R REE—EAARRE TR ERHEHAA R
G, LB REEEERESL" . B4
40 B A R 8 S 00 2 W Y R e A T BB A LK

E[IO-H]O

SR FE A B 2E A RE S b, R T 40 B £ A
B F AR R R EES BRI, &
L ARENESTHARBHESHEEMAL T HT
BRE-SROHBHEIFHDEEENBEIHLE A
BB B R IR B T 4 M RE RS B R i B
AT ARBEFE S, FIk1 T MSC #5052 #51FF HE i — 4>
BEIHTREEN B3 THAS M HNESEBL,
M 3 LT RES AR & . &5 3R BR, CCl, #I% 5 FA
G E2HANALBENEF THELRA , REHE
SR B] ALB" A 4 4 ok U 40 M, 1H 3L R AR, iR
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PB-actin

B3 fESF FIk1® MSC B CCL 5 B9 AT A 4 ft
Fig.3 Infusion of FIkl1* MSC alleviate CCl,-induced
liver fibrosis
Liver Masson trichromic staining in G1 (A), G2 (B), G3 (C) and G4
(D) mice. (E) Steady-state hepatic TGF-B1 and a-SMA mRNA level in
Gl. G2, G3, and G4 mice 5 weeks after CCl; exposure. Ethidium
bromide-stained 2% agarose gels of the RT-PCR products were shown.
Gels were scanned with a digital image analysis system, the products
were quantified, and results were adjusted to housekeeping gene $-actin.

Representative images are shown.

B 3 1 B OF TR 40 B A B O A R A B A B A
AT BT Sh REAS LA RS . B, o7 DASR X A9 B
BFlkl® MSC B RE s et fa F R A A NER I
A B 1S 5, AT FE IR ALT HA #1 P-[1-P MI7KF . 7£
s ML e 2B AMMEE SR, RESTHX
B THEESHNEEFASBENILEHEARE
a5 (E R PR 15 & AT R AT A0 BB 1 T L SRR TR
A THAT S5 T —d &

5 BE RS I AT AT BE AL OM 5 ) BB E IR A a0 AT
BV ERTRALCHANRFZETNHEE"" .
MR B, MSC REWE r i Z R A KB F F 40 fg A

+F il ad B = o5 4y M 5 oK, U A AR AN Y BRI
B, AT G5 B R R AE R B BB EMRPEAR
B RS, fE cal, B0 oL B4 T Rk
MSC % v , AT AR 37 i 20 2, w2 Jie J 0 B, L Ll
AfEREZHEER. B, Flkl' MSC A] GE7E M A
£ 38 31 7™ 4 14 Z 10 (interleukin-10, TL-10) 3 & 4
M, C AR ZIEIEER W 1L-10 AT fE N —
FhbL 2T 4 Ak 09 40 i R 7 & 48 7E L 315 I o SR e 1
FES AR ANESEEY 2 B 2, nF
TGFR1 7K F B A, Bl 20 BT 2R 40 B i) 3 ks 565 =,
Flk1* MSC 7€ — & B B b nJ BB 400 & 3005 w9 i B2 R 4
M43 3 TGF-B1., A 2 Flk1™ MSC i) 4 i i (8] 2
HWmHET AN EERE., fECCL, Bt 1 AR
A TR, A M AR A B EIPHE TEAR
bR EE . XATREJE R F CCl, = By il
it BREA N A, — B R A, @A BEH MSC fr
B

B IRATA S EIER MSC A AR
AR RE S, EEWEE CCl, BT A 4E 1L, nT &8
HIRTT R R R R I A
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