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Bone marrow stromal cells differentiation potentials in vitro from mdx mice versus C57 mice

Leng Yan, Zhang Wei-xi, Zhou Chen, Zheng Zhen-yang, Zhang Cheng

Abstract

BACKGROUND: Duchenne’s muscular dystrophy (DMD) is a fatal recessive X-linked form of muscular dystrophy characterized
by progressive muscular degeneration with no certain treatment. However, the proliferation and multipotent differentiation
potential of bone marrow stromal cells (BMSCs) from DMD model mice (mdx mice) and the effectiveness of BMSCs
self-transplantation are needed to be further studied.

OBJECTIVE: To investigate the proliferation and multipotent differentiation potential of BMSCs from mdx mice during in vitro
culture.

METHODS: Both C57 and mdx mice were killed to obtain the BMSCs for culturing in vitro. After Giemsa'’s staining, the colony
forming unit-fibroblast (CFU-f) of BMSCs assay was performed. With specific inductive mediums, we succeeded to induce the
BMSCs to differentiate into osteogenesis, adipogenesis, myogenesis respectively. Their morphological characteristics were
observed with microscope. Von kossa staining, oil red O staining and immunofluorescence for desmin were utilized to identify the
differentiated BMSCs respectively and quantify their differentiation efficiency. After the BMSCs were induced for 1 week, the
cellular total RNA of differentiated BMSCs was extracted, and then reverse transcription was performed. Real-time polymerase
chain reaction (PCR) was used to quantify the gene expression of differentiated BMSCs.

RESULTS AND CONCLUSION: Compared with C57 mice, both number and volume of CFU-f of BMSCs from mdx mice were
smaller. Compared to C57 mice, the efficiency of osteogenesis and myogenesis of BMSCs from mdx mice was significantly lower
(P < 0.01). However, the efficiency of adipogenesis of BMSCs from both groups had no statistic difference (P > 0.05). Real-time
PCR showed that both of osteogenic and myogenic gene expression of BMSCs from mdx mice decreased respectively compared
to C57 mice. However, adipogenic gene expression from two groups had no difference. The results indicated that proliferation
and multipotent differentiation potentials of BMSCs from mdx mice declined compared with C57 mice. The defection of
Dystrophin gene may contribute to it. Therefore, the autoplastic BMSCs transplantation of mdx mice will be interfered.

Leng Y, Zhang WX, Zhou C, Zheng ZY, Zhang C. Bone marrow stromal cells differentiation potentials in vitro from mdx mice
versus C57 mice. Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2010;14(36): 6651-6656.
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muscular dystrophy, mdx /) §i{) /& i1 X JZE 41
Rtk ARG EN AL SRS
A, FELENLA TSR PE R A Ay TR RS L
Dystrophin H£[X 23 540 & 7 AN EE AR S |
B RRAE, 8 dystrophin fE A RIAGK, L
DMD 3 H PRl s i HLAT [l

B S T AN P i S AL 2T AN R BT
P20 L2 B 153 I D RE S 2R I 4 I i Ak, L
A B A % 1) e e, A BEIE
TEARANAS TR 3 4520 2 B 26 0 40 T 434k
JRCE AN AR An M. LA 40 AR 4l i
Je e g 0, CB7 /N R BE L T 40 L 1
AT . e g TERE IS E O
g™, St 5 C57 ANRLLLE:, B
TEBRIT mdx /I 5l B S 5 5T 40 A 1 5 57 1 (1) 1
Y % 434G RE S, o DMD S e kAT H &
B RE RS AR A S I PR A

1 MEFTE

Wit DUE L AN B ok X G s

A ) Rt &5 T 2009-06/2010-06 7£ 1l
KEF IR S — B B A R SE 56 = 5E

Rt B 3~12 JIHEfk C57BL/GJ /N A
mdx /M 18 H, ARl 18~26 g. C57
/N BRI T A 1 K2 L B 2 e S 56 S 40 o0
JF AR 4 & F mdx Bt Bl R (C57BL/10ScSn-
DMDmdx), M+ E Maine M Jackson 5:56:
%, SEE P mdx U8 JSARECR T AR I Al
mdx i, BTSRRI ZE T R L
e g e sEgs sh rpoo T R sh =, %, 12 h
Hot, 12 h BIPEIR, brAEms i RER . SE
Kt RE R S AL B A 2006 SERFARA K
il (T HAF LB Te SrEE Iy 12,

R

el KR

DMEM $:773, Ja/biiig, i
H
RNAiso Plus(total RNA #£Hi{ A%, TaKaRa
#), real time-PCR il NG|
PUAMLER, ZEKty, B-HMiBE &M Sigma A
Mo, 5% M, MR,
3-isobutyl-1-methylxanthine
(IBMX), DEPC
bt 2w FEPLA desmin 2 [H Thermo 2
LA HiR-FITC IgG —¥t Santa-Cruz 4 )
514 1 TaKaRa /]
G

£ Hyclone /]

Ak

INRBBER R RN B R IESR: mdx /D
5 C57 /N SIAEI AR 5, TR 50k
75%(1) LB 2 min, LB, £kgs
A LA L, PBS #hyk 3 i, HEy )8y
Wi i i, 5 mL S i e T
Lb, MEATCILE DMEM Rig53E, philieas, &
TR, PG ARR e, ik
HANHE, 1 200 g 20 3 min JE
A, S AR B 10%)6 410375 LA A 100 U/mL
RUPL(TT 87 7+ 57 22 ) DMEM 5953
AN, 0BT 2% BR B IR 4T 40 i,
AR ZE 1x10™ L7, 4R )5 LA 7] 40 B vk Fi5
Pl ToNFUBR (TR B 520 5y 2x10° fom?,
HESRE R 1107 /cm?, M7 SIRE R
4x10"/cm?, LG FHSE N 5%10° fem?), i
LEARFR 8 5%C0,. 37 ‘CHIMIEE ) CO, ks
FANTRER R, 24 hg, T PBS &Rk
SERIFAN, 4350 00 B N i S g,

)N R B R B B B £ 4 AR B B R A B BB L
(CFU-f): 28 1 ¥, 7E SRR 2 10%0R
BliE. 100 U/mL XLIHEE DMEM i 55
FREEF SR, B 3d Wl 1 IR, TR SRR 7
5 FEWAK, PBS BERMUE 1 K, FEINAGHTEE
REFRWL 0T 7, 14, 21 d I s (s,
Jo, SIMEE FWEE CFU-f [/, IR EEHEL

N B BEE R BRI IR INE S L

RO 5T 24 h JEIEE 1 IR B 155
FEFR(E 50 mg/L HIAILEL . 0.1 pmol/L
FEKFAL 0.5 mmol/L B—H i ERah . A4 %L
i 10% 64 L7 (B DMEM 55773%), Bk
Wil o 2 G ATV L (ARS) 4L (0. JH G RERRAS
1) PBS P4 3 WX, 40 g/l £ 23K H i =
[ 30 min, PBS 'k 3 X, H ARS
Bt 15 min, PBS ok 3 k)G, B F US4 4h
WY RELL . 3 JHJE, 4T vonkossa #itf: H
T EE 71 PBS M4l i)5 , 40 g/ll 2
M =i 2 30 min J5, 1 50 g/L MR
FERG E P YLt 30 min, JEKBRMVEE, B8
A% R IS 30 min, SIS, KA
M)A, Vonkossa Jeti il B (h, LI
AN 5

RS T G 40 5 5 s R v AR b
DMEM Ik %04 10%6 25113, 1 umol/L
HZEKHS, 200 pmol/L W3, 10 mg/L fik
%2, 0.5mmol/L IBMX) ; %% 3d )5, HUH
YEFFRE IR (8 DMEM , AR50k 10% 015
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BN 10 mo/L JEE2R), & 3 d #l 1 k. Wi
UL L BT G g D R L, ATOMAT O Yt : JT] PBS
MykSE, 40 g/lb 2 R HEE A ELE % 30 min J5, PBS #f
Uk 3 U, HEEERC K 5 g/L Oil Red O TAEW (S 1%
XKLLl 6 & 4)Z i P g ta 1 h, XK HEH
—WRJE, MR M R, AR S, B
TSI SR .

WALES: B EAEE, H 10 ymol/L 5-%
0 5% 5 I3 AR 93 5 10% 16 2F 1L (1B DMEM
B IRt i S35 gE 24 h G, SRR 41 2% 5 i 1)
Kb DMEM #5375 4k 81557, BRIl 3 Ji)E, Wi
B TS B Z AL AN M sV FE A IS, S e
R desmin: 4B 2, (LEEMIEE G, Wbt
L2 wa e Hifk desmin(1 : 300 #B )& & 1 h, PBS
YEWE 3 K, 5 min/ik N EPTR—FITC 1gG ¥t
(1: 100 Fke )& & 1 h, PBS Y% 3 ¥k, 5 min/ik,
P WAUEE P k.

Real-time PCR il i75 5 7016 i i J2 J5 41 i AH ¢
FERFRIA: .

real-time PCR 3|4%:

P
(bp)

CTG GCA CCAGGT ACG ACC 190

CAC CTTC TAC AGAGGCATACA

A

AAC CCA GAC CCA GCA AGA?213

ACA AGC ATT AGA AGC CTT

CcC TG

CCA CCA CTC TCA GCG TCA 250

ACT ACC ACA ACACCATCATT

CG

CAC CCT CAACGG GCT GAT 250

GAG CCT GAG GTACCAGTTCT

TC

TTC TGC TCATTT GTA GGC 250

CTC TGC TGA GGTCTT CAAGC

CcC

GAT AAA GCC CTA GAG ATC 255

AAA CAA CGC CAG CGA cCcCC

AAC GA

TTT TCC GAAACA AAT GGT 343

GAA CCA TCC GAT TTG TCC

GAT GTT

mfy5  NM_008656.5 CTA TTA CAG GAC AAG CAA 192
CCT GCC GGG TCC AAG CTG
ACA GACA

desmin NM_010043.1 CGA CGC TGT TAG TTG GCG 84

GAA CCA GGA AAGCGGTCATT

GT

IEBESH)(5't0 3') SEEG Y5

B-actin NM_007393

ALP  BC065175

Runx2 NM_009820

Colla1l U03419

oC U11542

C/EBPa M62362

PPARy2 BC021798

Mdx 1 C57 /)N Ui L Ban il 1 kol
A RNA: W NFULBR LR IR, Y PBS 6 1

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

o B 10 em® ZE K400 1 mL RNAiso™ Plus, 1
TR IVCHT 40 M A SLIBE 7% 70 70 AR A M . K 9 75 40
ZMREE T 22 20, RS G e S W 1 22 241
W TCW] B0, SEAREHE 5 min: B 1/5 RNAiso™ Plus
RS, R 2 WAL A6, SEEE 5 min,
12 000 g 4 C&.0 15 min; B LB RS — &0
B, IMNEEARRL S AR, %% 30's, =ik E 10 min,
1200094 ‘CE.Lr 10 ming FPLIEH A 1 mL AR5
BN 75% LEHEVEVE, 1200094 CEL 5 min,
B YLE, W T 20 uL DEPC AbFK . Sk
%Jr, real-time PCR Kl & (ALP. Runx2. Colla.
OC). HIF(C/EBPa. PPARy2) 1/Jl(desmin. myf5)
HH DR PRI 028 (7 FH B R 0 3% 7 6 U8 1 44 )

FEMRIGIR: HWE Y05 0% CFU-f 5H MoK
/ANy 435I Vonkossa Heffy. JHZL O Jefh, Fui 58 ek
D desmin FH 41 iU 5521 1 I 5 41 i 1 216 A
B B BV PRI s A Al A DGR R Rk

Wit K. EEE: SLRB L AR,
SCH N SR, YN =L UL HARE, ML R
GeRE I, AR BV

FATFE R FHRA M R R RN 5 A
EHESIEF(x100), TH G B e 5 BH I 41 7
AN AL E A o S AL 3 VK, 2R —1E 5 T SPSS 16.0
GV RAF AT EAE 0T, SRAIALOTREA t K55, 2K
PElixss Fon, P<0.05 hZERHBEMEZ .

2 #R

2.1 mdx ) &Ae C57 ) B HAR e CFU-f rbix
WiE DMEM B:98Wik59% 7, 14, 21d Jo, 20500 i
BEGL A, g5 SR mdx /N U BESE A i CFU-f 4 H
A4 /N T C57 /L, TLE 1.

a: C57 mouse

b: mdx mouse

Figure 1 Bone marrow stromal cells at 14 d for colony
forming unit-fibroblast (CFU-f) (Giemsa staining,
x0.5)

Bl /N RURBER AN A K 14 d 1 CRU-F (G kg™ e o,
x0.5)

2.2 mdx /) RAe C57 > R B g0 iR I M5 5410
14823

S H B MR BTN A B AN S T R
WHEST 2 G, ARS JLafisii 2G4 E, mdx /)
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S 451 H > T C57 /MR(P < 0.01), WK 2. 5% 3
JE G, IS 24545 IR, vonkossa Heth i B (h,
mdx /I B BE S T AN T s 45 H /DT C57 /)
il (P<0.01), WKl 3.

a: C57 mouse b: mdx mouse

Figure 2 Osteogenic induction at 14 d for calcium nodules
(Alizarin red staining, x100)
K2 RS 14 d 5455 (R 4084, x100)

b: mdx mouse

a: C57 mouse

Figure 3 Osteogenic induction at 21 d for calcium nodules
(Von kossa staining, x100)
K3 Bl 75T 21 d #5451 (von kossa %¢(f, x100)

%5 PUBRARARA . A AN A R S A B
Boomlirh i 99 14 d Ja,  MBUARUIR G, 4 O
Qe Rt AR mdx /) RIS RIS 4
e an s> C57 A, HERTERFEE (P >
0.05), LI 4.

R T ST
o [ '\-’, - < © * :
£ Q “.-: ‘I A s o ’ 0 4 s
Pé 1""-« w €. L | =
1 == 0 ~ o - Y
‘o i L ] . ‘Jf >

v 5
2o -0 VSl ™ 7 i

a: C57 mouse b: mdx mouse

Figure 4 Adipogenic induction at 14 d (Oil red O staining,

x200)
4 FJRAES 14 d (4 O Yefa, x200)

B BANRIRRE: i BE BN e VLS T 5 IR
Wi SR 1 JH . CBT /N SRS 4N i B B KAR T 40
PATHES, BEAERTFRET AR, A R AARRUZ S, gl
Mz 2, 200 Tairh e, SR LK B
DU, i mdx /) B A H B R DL A B . 22
desmin #tff, KIL C57 /NERIGBHMEAN AW EZ T
mdx /NP <0.01), W& 5.
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2.3 Real-time PCR #: mdx /s &A= C57 /s R/B 864
JRmienib)e 5484 B F&ik Real-time PCR %[
CT {H/AFRIAZIRE N MY MG, & SR in B %L
OB A DG o K H RIEIR L 7 3R 43 A b it
ek, RIS FIRbRIE 2 FoR PTG BRR &, &5
KRB — B 5, SR H RS &R H
mdx /DA R C57 ANBRAIMIXHREAS Y, £
YOI PN T 1, Bor mdx NI ECE « K
WIHE R R IE K C57 /NRA AN FREE NI, el R IE
T TR, WK 6.

a: C57 mouse b: mdx mouse

Figure 5 Myogenic induction at 21 d (Immunofluorescence
desmin staining, x200)
K5 mLET 21d (JeRE2t desmin 4e(f, x200)

16
14
1.2
1.0 | b
08
06 a

04
A
0 '?‘ | | | | | | | |

collal Runx2 ALP OC C/EBPa PPARy2 desmin myf5
P <0.01;°P < 0.05
Figure 6 Gene expression of bone marrow stromal cells
quantified by real-time polymerase chain reaction
(PCR)
6 HHESL A b real-time PCR I AH G A

a

mdx/c57mouse

2.4 PCR =4 ik, EHy AR A
BOZIEMR, M HS I EE R SRR, WK 7.

500 bp
400 bp
300 bp
200 bp

100 bp

1 2 3 4 5 6 7 8 9 10

1: Marker; 2: B-actin; 3: Collal; 4: Runx2; 5: ALP; 6: OC; 7: C/EBPq; 8:
PPARy2; 9: mfy 5; 10: desmin
Figure 7 Amplified gene fragments, as detected by

electrophoresis
Bl 7 iR e BE LA R Bt AR
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S0 B PR SR B g7 =Y, e Ak
J7 T BTN LR A AT LA 3F 40 i W B, 5 m] DU ik A
ANEE IR MG BRI, TE RS BT, AR Y ATP AT
PERERR MGG PE, sema G s BT i B R A ] g {1 g
EFAE N BEIRE Y, ERES T M ZEOKAA T
b4 = o5 115 o i 1 1 O e D = O S P e = 9 e g
(RGO, B 23 I g 5 28 T ok ) 78 5%
T2 Mg 5 = AR N 1 AR, (R BE R 7
T M BG5E 74k,  IBMX R cAMP g ke i 48
KR TGk i CIEBP [ERIA, LA 2 s 7 40 Ha =
A R SRR TRALVE T i
S i 14 5 A FH DA R S 1 37 v 4 i DR 10 5 5 e A E
A U8 ARSI P R . RIS UL SR ),
FHROISIE IG5 5 7 58 1A A0

7f Real-time PCR il itk & 5 Be e, ALP,
Collal, OC, Runx2 %5J KI# A& B i 434 6 B 2R AL,
Runx2 & [ 76 BCE 4 B IR 20 A0 R0 i T B T S T 221
YRR, A BB i 9] 70 5T 40 I 1) B 40 1 23 A ek 7
S, T RS E A AR IR 3 AL A
U, S S A A T AT K-y 2 (PPAR-y2) &
DRI H HT AR T 40 i A SR, ] A R R 7 S 4 i
Fbrds. NN T CIEBP(C MMNVIERE ) B
felifE 5 4 & 55 PPARyY, MM E 8/ 6 520,
Desmin & F A A M 2R 22 S A ) —Fl, 8w AR A WY
RGPS, T3 — BOUIIED] MyfS 7E LA ET 4440 i 43
A UL Mt R PR TP, 1 R DL b A o
PR, 708 204 o 0 B R T, AME B AT AR,
AR R e

MRPEZSEIR AR, mdx PN CB7 /)i i it
ML A ARSI TR I BB REREATH BGFIE 71 734k, H AR A
ZE5t, (A mdx /) B s 2 T4 i T B CRU-F £k
H &R/ T C57 /M, X —IRE U8 mdx /N iR
HE L AN M G TE e A T B i M ok g e 2
TEAR 2GR SEAN SCHE R I, 7R mdx /D R BE
TN M5 T oA B A RVLA BT e i CB7
NEURBE, TS S BRI g 0 I 4G B I 22
S, 3% DA AR S DA — 5222,

‘B 4L ER 1 dystrophin A& CRRE LA i 5 1 1) J B 2
oy, FELEALTULAN N A R A UL A Bk Ak, T
HaiE E2MmBEEA-NZE4HEAMLCER
(dystrophin associated proteins, DAPs) &M E &
A, JEE R T YEZR VLA AR E IR B AR R G I e 2
gy, N SEENE 55 S, Dystrophin 5K 7E 4k Fr
UV A2 B R R SR, e s SRR L P 4

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

FeE s YRS 8 MK AR, BV T bR 242,
F 4k, Dystrophin 5 Agrin. nNOS. HiJtk[ ¥ Na* %
Sar-coglycans 1151k, BAFE 51 FTI6EE, mdx /M
dystrophin Ji PRI S A B BE Lm0 M th e e, IR
HBE ) TP, mdx /N B T B A
NI TR, e BV A E IR DT AR IS, ]
RS R RE AT 1) — Aho BEPEAC AR, A7 NS 4R
s, R A 16 TR U 4 PR R 4 B A SR T B 1) A
TR, —F BRI R, e &k T
LI AR S, IF HAFAE LK i 6 2P, I ot
E B8 T A0 M e 75 3 1, 3 R R R AN
FBS, Wm0y m i 2, lfla 5 PPAR %
TSRO, LA B A I 7 BRI S IOAIE

ZE BT, AWFSCIE T mdx /SRR T4 A
PRANEE R BGTE RE ) JOE nl A RE 1 CB7 /INRUT B,
HFFE Y Dystrophin i DA 2k f i i Tl R 58 e
Ky AR HANLEIEA Frilt— PR R

4 SEk

[1] Dezawa M, Ishikawa H, Itokazu Y, et al. Bone marrow stromal
cells generate muscle cells and repair muscle degeneration.
Science. 2005;309(5732):314-317.

[2]  Yang XF, Xu YF, Zhang YB,et al.Functional improvement of
patients with progressive muscular dystrophy by bone marrow
and umbilical cord blood mesenchymal stem cell transplantations.
Zhonghua Yi Xue Za Zhi. 2009;89(36):2552-2556.

[3] Feng SW, Zhang C, Lu XL, et al. Mesenchymal stem cells
transplanted in mdx mice differentiate into myocytes and express
dystrophin/utrophin. Nan Fang Yi Ke Da Xue Xue Bao. 2009;29(5):
974-978.

[4] Quattrocelli M, Cassano M, Crippa S, et al. Cell therapy strategies
and improvements for muscular dystrophy. Cell Death and
Differentiation.2009;10:1038-1026.

[5] Cheeseman EA, Kilpatrick SJ, Stevenson AC, et al. The sex ratio
of mutation rates of sex-linked recessive genes in man with
particular reference to Duchenne type muscular dystrophy. Ann
Hum Genet. 1958;22(3):235-243.

[6] Sicinski R, Yan G, Ryder-Cook AS, et al. The molecular basis of
muscular dystrophy in mdx mice : a point mutation. Science.1989;
244 :1578 - 1580.

[71  Pittenger MF, Mackay AM, Stephen CB,et al. Multilineage
potential of adults human mesenchymal stem cell.Science.1999;
284: 143-147.

[8] See EY,Toh SL,Goh JC.Multilineage potential of bone-marrow-
derived mesenchymal stem cell cell sheets: implications for tissue
engineering. Tissue Eng Part A. 2010; 16(4):1421-1431.

[9] Zhang WX,Chen SL,Yao XL,et al.Zhongshan Daxue Xuebao.
2008; 29(5):633-636.

TKRAVE, BRI, WRREE, A& N EUCE BRI R TR R A SMNE TR S
Z ) SRR ST [J]. Tl RAE 2R, 2008,29(5):633-636.

[10] Zhang WX, Ou GM, Mark H,et al. Age-Related Changes in the
Osteogenic Differentiation Potential of Mouse Bone Marrow
Stromal Cells.J Bone Miner Res. 2008 ;23(7): 1118-1128.

[11] Esposito MT, Noto RD, Mirabelli P, et al. Culture Conditions Allow
Selection of Different Mesenchymal Progenitors from Adult Mouse
Bone Marrow. Tissue Eng. 2009;15:1089-1091.

[12] The Ministry of Science and Technology of the People’s Republic
of China. Guidance Suggestions for the Care and Use of
Laboratory Animals. 2006-09-30.

e N RLHIERFERORES. KT #4703 e S B
2006-09-30.

[13] Bianco P, Riminucci M, Gronthos S, et al. Bone marrow stromal cell,
biology, and potential application. Stem Cell.2001;19(3): 180-192.

[14] Esposito MT, Di Noto R, Mirabelli P, et al.. Culture conditions allow
selection of different mesenchymal progenitors from adult mouse
bone marrow. Tissue Eng. 2009;10: 1089-1094.

[15] Lieb E, Milz S, Vogel T, et al. Effects of transforming growth factor
betal on bonelike tissue formation in three-dimensional cell culture.
|.Culture conditions and tissue formation. Tissue Eng. 2004;
10(9-10): 1399-1413.

6655



@272 cicrog

PONE 7. mdx AL CBT AP BT RN 7L BE IR LA

[16]

17

(18]

[19]

[20]

[21]

[22]

(23]

Fromigue O, Hamidouche Z, Chateauvieux S, et al. Distinct
osteoblastic differentiation potential of murine fetal liver and bone
marrow stroma-derived mesenchymal stem cells. J Cell Biochem.
2008; 104:620-627.

Xu DH,Zhou CH,Liu YY, et al.Zhongguo Zuzhi Gongcheng Yanjiu
yu Linchuang. 2009; 13 (1):125-128.

EAe, JHRE, VR, SO BRI 78 5 1 oA e i an
M fe 52 5 S U], TP EA TR SRR RS, 2009, 13 (1):
125-128.

Zhang W, Yang N, Shi XM. Regulation of MSC osteogenic
differentiation by glucocorticoid -induced leucine zipper (GILZ). J
Biol Chem. 2008;283:4723-4729.

Radin S, Reilly G, Bhargave G, et al. Osteogenic effects of
bioactive glass on bone marrow stromal cells. J Biomed Cell Res
A. 2005;73:21-29.

Liu CH,Zeng YH,Tang HL,et al.Disi Junyi Daxue Xuebao. 2008,
29 (20):1825-1828.

U W, RO FRIEAR, S PPARYHE PRI Je ) Gy - ) 70 )5+ 40 /i
1) I 03 40 L LS AR RS (D], 55 DY 2 B K 2274, 2008, 29 (20):
1825-1828.

Zeng Y,Zhang C,Li CM,et al.Disi Junyi Daxue Xuebao. 2006;
27(18):1637-1640.

B 288, 5K S, A5 W, A6 LI UL A Ry S P EmRINAEE B 40 L Fr) e
[J]. SEPY% B K% %44, 2006, 27(18):1637-1640.

Ohnishia S, Itoa H, Suzukib Y,et al.Intra-bone marrow-bone
marrow transplantation slows disease progression and prolongs
survival in G93A mutant SOD1 transgenic mice, an animal model
mouse for amyotrophic lateral sclerosis. Brain Res.2009; 1296:
216-224.

LiY, Zhang C, Xiong F, et al. Comparative study of mesenchymal
stem cells from C57BL/10 and mdx mice. BMC Cell Biology.2008;
9(24):147-158.

[24] Brusse V, Tardif F, Tremblay JP. Muscle fibers of mdx mice are
more vulnerable to exercise than those of normal mice.
Neuromuscul Disord.1997; 7 (8) : 487-492.

[25] Alderton JM, Steinhardt RA. Calcium influx through calcium leak

[26]

[27]

[28]

[29]

[30]

channels is responsible for the elevated levels of calcium-
dependent proteolysis in dystrophic myotubes.J Biol Chem. 2000;
275: 9452-9460.

Rafael JA, Townsend ER, Squire SE, et al . dystrophin and
utrophin influence fiber type composition and post — synaptic
membrane structure.Hum Mol Genet. 2000; 9: 1357-1367.
Suchyna TM,Sachs F.Mechanosensitive channel properties and
membrane mechanics in mouse dystrophic myotubes. J Physiol.
2007;581(Pt 1):369-387.

Banfi A, Muraglia A, Dozin B, et al.Proliferation kinetics and
differentiation potential of ex vivo expanded human bone marrow
stromal cells: Implications for their use in cell therapy. Exp
Hematol. 2000;28(6):707-715.

Ahdjoud;j S,Lasmoles F,Oyajobi BO,et al.Reciprocal control of
osteoblast/chondroblast and osteoblast/adipocyte differentiation
of multipotential clonal human marrow stromal F/STRO-1(+) cells.
J Cell Biochem. 2001;81(1):23-38.

Ichikawa J.Serum-free medium with osteogenic supplements
induces adipogenesis in rat bone marrow stromal cells. Cell Biol
Int. 2010;34(6):615-620.

REALRENEZEE—-

H2Z8: RAd 2B KA REE T8 GILZ*F
B8] T 2m i o4k 4 3 45 B AU 49 BT 5 (30870852);
GILZ % %49 MSC #4474 77 DMD 427! #4 #F 7. (30971026).

FYEEHIE RAAR BAEAT REAARK B LR FAM%
AR AR B A S A e 0 2 R A B9 AR B

BETAI B 4. DMD AR K (mdx s R ) 5 38R 40 18
PRINIEIRBT G IEFA R % S) AL D R B R, R T R
INERY I EAEA B F B RAGH T @ie, B R ehar
RAA%, WMAAARHY T, RAFENIRTO L. K
F¥ B 2009 FaStds, EARIMT BB AR mAe ey
R e LR, @Bids C57 R kdk, F9E mdx
RO OTHER MR T ELEABMGOI T @i, B
W F IR SR AR I R AR SRR, AR
T C57 JRAfe mdx R BFHMARTF @b, HTF—F
KT T A,

REIT AT £H7 . FIsERF o tm e fa b & g
A T a4kt 5, # real-time PCR 4 2134692 A 695k
AAasxt &, LeHE.

BT IR BI G 15 5 T2 A F IR E] mdx s R
B D0 0K 91 3% A B 6938 T BOR @) AL R ) T e L
%, A2 REXFPIZNAEE 2 F % 04 52 e ATIRE.

FERIGEIEERI G E: RAMBEIESE GILZ @ 37 4]
MSC & i i 4m il A% i AL 23 3 &) A% UL 48 8L 69 oA ST AR 3
GILZ #7#) MSC 1) fig i tm e oA a2 F AL, A4 R4
6 97 AE L B AR £ M 5 95 . DMD ALK AR £ 5k 57 49 25 4h 32 4%
EULEE X

@ﬁrgﬂssr\l 1673-8225 CN 21-1530/R 2010 FMEALIT (H /AL T Mo SIS AMERT) Fedit Ftr

CRTER ZtE Ttz BEBES: £3F 2011~2013 EER B AR FEH S TFMEREQD

14-3-3 B AL IR T 4w B ¥ 49 4F A BAL | BT

2RVNE Jr g AR BE T an AR RS A AR

5-% R-2'-BL IO+ UMY B T it B K
FAT 69374 AAH]

Ang-142VEGF 165 B 24546 F 4 18] A7 T
4m i A ALK RN ARG 8945 F_AE A B AUk AR

BDNF-TrkBif #2 $LAR % 18] 7 454048 SLAR

6656

9T A0 IR TAR F 6945 AU AR A
Bmi-112 5 £ S A 4E 7t 4 k8 T mie i &
BAHH R
Bmi-15 DNMT1 5 B 48 8 bt AS 4T 4 1oL 55
T2442E m Y I T fm J a1 6 BT
Bmi-1 A REF A T 40t ) & LA A= A7 I
b KA 694k R B
BMP-47& 1 84 JI5 Ji5 . T 40 féov6 77 & A B2k [
PR dn ) FIRAF R

BMP9-MAPKAZ 5 & 42 4 42 18] /7 F fm e A&,
Cxid

BMP#FGFfZ 5% ( KR ) A2 F mietk
ARG AU B 5

BMSCs+PLGA = % £ R & 4 5L /) TR3% T
ARE I MAPKAE 5 455 Auh)

Cajal-Retzius zm I A2 8t 4% T 4 JoL /2 fiw ki £
H A HACH FIFFR

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



