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Transplantation of *H-thymidine-labeled human bone marrow-derived mesenchymal stem cells

in mdx mice

LIU Tai-yun', LI Jing-lun?>, YAO Xiao-li', DONG Qun-wei’, SU Quan-xi®, FENG Shan-wei', LI Cai-ming', ZENG

Ying', LIU Zu-guo*, ZHANG Cheng', LIU Chang-zheng?

'Department of Neurology, First Affiliated Hospital, *Experimental Nuclear Medicine, “Ophthalmology Center, Sun
Yat-sen University, Guangzhou 510089, China; *Guangzhou Central Railway Hospital, Guangzhou 510080, China

Abstract:

Objective To investigate the feasibility of using human bone marrow-derived mesenchymal stem cells (hBM-

MSCs) for repairing the skelatal muscle sarcolemma lesions in mdx mice and characterize the distribution of the transplanted

hBM-MSCs.

Methods Eighteen 8- to 10-week-old immunosuppressed mdx mice received transplantation with 1x10” of

hBM-MSCs (the fifth passage) with *H-thymidine (*H-TdR) labeling by injection of the cells into the tail vein. The mice were
killed at 24 h, 48 h, 2 weeks, and 1, 2 and 4 months after the transplantation, respectively, to measure the radioactivity in the
tissues and organs. Dystrophin expression on the sarcolemma was detected by immunofluorescence analysis. Results One
month after transplantation, the mice with cell transplantation showed greater radioactivity in most of the tissues and organs
than the control mice, especially in the bone marrow, liver and spleen. The radioactivity was then gradually lowered but in the
skeletal muscle, the radioactivity increased progressively since 2 weeks after transplantation, reaching the peak of 27.65+3.53
Bg/mg at 1 month. Compared with that in the control mice, the radioactivity in the bone marrow and skeletal muscle was
persistently higher in mice with cell transplantation 1 month after transplantation. No dystrophin-positive cells were found in
the mdx mice at 2 weeks but detected at 1 month. The percentage of dystrophin-positive fibers in each section ranged from
6.6% (1 month) to 8.9% (4 months). Conclusions hBM-MSCs engrafted in immunosuppressed mdx mice may differentiate
into skeletal muscle cells to repair the pathological lesion of the skeletal muscle sarcolemma. The hBM-MSCs reside mainly in

the bone marrow, liver and spleen in the early stage following transplantation, homing into the bone marrow and skeletal

muscle later.
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Tab.1 Radioactivity of *H-hymidine in the organs of mdx mice with hBM-MSC

transplantation (n=3, Bq/mg , Mean+SD)

Time after transplantation

Tissue
and organ 24 h 48 h 2 weeks 1 month 2 months 4 months

Blood 30.42+2.53 8.75+2.12 3.15+0.81 1.84+0.63 1.29+0.56 0.97+0.48
Heart 4.99+0.67 6.84+1.10 8.93+0.94 7.42+0.84 4.85+0.73 4.47+0.45
Liver 44.47+10.46 68.74+14.28 34.37+6.24 20.25+2.78 8.43+1.43 5.74+1.05
Spleen 25.47+6.87 77.45+16.48 18.96+0.88 7.24+0.67 4.78+0.76 4.57+0.85
Lung 6.78+1.04 6.21+0.57 4.04£0.69 3.27+0.86 4.12+0.34 2.75+0.39
Kidney 4.73+0.87 3.89+0.39 3.25+0.64 2.33+0.54 1.45+0.27 1.04+0.19
Stomach 23.56+6.73 27.49+5.48 16.58+3.84 7.89+1.77 4.76+0.82 3.75+0.49
Intestine 20.43+5.25 24.84+3.98 10.36+2.47 5.88+0.92 4.45+0.67 4.02+0.66
Muscle 5.18+1.24 6.28+0.84 14.84+1.36 27.65+3.53 11.22+2.15 6.25+0.65
Brain 3.82+0.48 4.92+0.24 11.86+0.99 10.44+2.04 7.56+1.25 4.32+0.37
Bone marrow 38.42+7.48 44.52+8.67 58.43+8.99 40.13+4.78 28.49+4.82 13.45+1.37

High level of radioactivity of *H-hymidine was mainly found in the liver, spleen, bone marrow and

gastrointestine 48 h after cell transplantation. The radioactivity increased in the bone marrow, liver, spleen,

gastrointestine, and muscles 2 weeks after transplantation, and the increase was the most manifest in the bone

marrow, liver, and muscle at 1 month and in the bone marrow and muscles at 2 months after transplantation.

®2 BERTEMNISEREMSEE (=3, Bg/mg, x+s)

Tab.2 Radioactivity of *H-hymidine in the organs of C57 mice with hBM-MSC

transplantation (n=3, Bq/mg, Mean+SD)

Tissue Time after transplantation
and organ 24h 48 h 2 weeks 1 month 2 months 4 months

Blood 33.12£2.64 9.15£1.22 2.25+0.30 2.05+0.33 1.76+0.67 1.09+0.38
Heart 5.54+0.62 6.14x1.24 6.67+0.73 5.92+0.58 5.15+0.64 3.56+0.51
Liver 58.46x10.16 64.32+11.29 28.24+5.45 9.28+1.48 8.61x1.14 4.724+0.85
Spleen 22.47+6.87 62.46+12.48 23.47+0.52 7.31+0.57 5.45+0.81 3.26+0.55
Lung 8.98+1.08 6.38+0.77 3.58+0.68 3.27+0.74 2.99+0.42 2.75+0.34
Kidney 5.23+0.57 4.19+0.37 3.41£0.57 3.38+0.44 3.15+0.56 2.84+0.39
Gastero 21.86+4.11 24.26+4.81 13.28+1.61 6.53+0.97 4.76+0.82 4.10£0.57
Intestine 18.23+3.15 21.63+3.45 12.23x1.45 4.88+0.83 4.45+0.67 3.83+0.61
Muscle 4.43+1.14 4.98+0.74 4.26x1.06 3.95+0.42 3.35+0.34 3.61+0.43
Brain 3.32+0.41 5.12+0.31 6.23+0.74 6.14+0.64 5.16+0.58 4.42+0.88
Bone marrow 37.62+6.95 54.61+5.69 47.63+6.52 45.10+4.67 35.58+3.84 17.86+2.58

High radioactivity of *H-hymidine was mainly found in the liver, spleen, bone marrow and gastrointestine 2 weeks after

transplantation, with moderately high level in the liver and obviously high level in the bone marrow 1 month after transplantation.
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Tab.3 Comparison of *H-hymidine radioactivity in the organs of mdx and C57 mice with
hBM-MSC transplantation (n=3, cpm/mg, Mean+SD)
Time after transplantation
Organ Mouse
24 h 48 h 2 weeks 1 month 2 months 4 months
- Mdx 4.99+0.67 6.84+1.10 8.93+0.94* 7.42+0.84* 4.85+0.73 4.47+0.45*
eart
C57 5.54+0.62 6.14+1.24 6.67+0.73 5.92+0.58 5.15+0.64 3.56+0.51
Muscl Mdx 5.18+1.24 6.28+0.84** 14.8+£1.36%* 27.65+3.53** 11.242.15%* 6.25+0.65%*
uscie
C57 4.43+1.14 4.98+0.74 4.26+1.06 3.95+0.42 3.35+0.34 3.61+0.43
Brai Mdx 3.82+0.48 4.92+0.24 11.8+£0.99%*  10.44+2.04** 7.56+1.25%* 4.32+0.37
ram
C57 3.32+0.41 4.92+0.24 6.23+0.74 6.14+0.64 5.16+0.58 4.42+0.88
Mdx 38.42+7.48 44.52+8.67 58.4+8.99*  40.13+4.78 28.49+4.82 13.45+1.37
Bone marrow
C57 37.62+6.95 54.6+5.69* 47.6+£6.52 45.10+4.67* 35.5+3.84%* 17.8+2.58%*

*P<0.05, **P<0.01 for comparison between mdx mice and C57 mice by analysis of variance

B 1 %4 mdx R 2 AR ALEE NCL-DYS3/utrophin RE XX ERER %K
Fig.1 Confocal immunofluorescence images of NCL-DYS3/utrophin-positive cells in the skeletal

muscle of mdx mice 2 months after hBM-MSC transplantation (Original magnification: x200 )

a: NCL-DYS3 positivity (green) in part of the sarcolemma; b: Utrophin positivity (red) in the entire sarcolemma; c:

Co-expression of NCL-DYS3 and utrophin (yellow)

B 2 R A B8 NCL-DYS3/utrophin % 4% %% 3¢ 4 B £ &

Fig.2 Confocal immunofluorescence images of NCL-DYS3/utrophin-positive cells in the skeletal muscle

of healthy human adult (Original magnification: x200 )

a: NCL-DYS3 positivity (green) in the whole sarcolemma; b: Utrophin positivity (red) in the entire sarcolemma; c:

Co-expression of NCL-DYS3 and utrophin (yellow)

PR B o 5 i T, LR B OT S T B R
{14 T 200}t 38 1L 19 % il ——HA S 5800 O hBM-MISC
WA ZEEE ML VER, (HEE BM-MSC &R B 1
o, 3 I S A AR B T R4, 48 h B MEUE 1
B, FFRAR Ja o8 0y, OGRS 8E L g
WURAS O E A5, RELVE 55 Jk 5 1 BE 55 S5 T 240 M 1 e 28
S A 5 52 ] A 240 i [ R R A HL A R i
A IR A BE PO M e L s AR

37 B~ 2406 1) B L L LI B B TR TR
JIv i Lo 4 /0, T AL IR AL LS & L 4 v 5 7R
1.2 .4 F &4 8 BRWLPY AP v itk — 28 R [ (A
W AR e B AT IS, B AR S 0 (24 h-2
i), TAME A T 2B S A, P LU )ﬂ:
i, TS A B 22 52 A i 20 i 1) R A (e SRl

HRERERE, %é&%&aﬂﬂﬁﬂﬂﬂéﬂﬁﬁfﬂiﬁﬂﬂ?’ﬁ&a_(ﬁ
TEEIFZ WA B RAL, T 1 A kB g, Hit



502 - 55— 22 KAF 244 (J First Mil Med Univ)

o525 %

N 1 2K 43 Ak R LA i B8 o3 Ak LA ML i AR s 205
A B WAL ILAN AR 2 H S S 46 i L A0 B 3% 7
Z IFFFREEE 20 .24 JH,
3.2 mdx &5 C57 A4 B FHHFES A RE

O B R 24 h 48 h 2 A BRI L4t
R (P>0.05),M7E 2 i 1 H 4 A HAT B ES
TH#E S (P<0.01) 5 TENLP b Hs S PR 8B 24 h
Ah A B R 5 A LA A A B P BT R R
(P<0.01); 7ERG b Hcs 71407 24 h 48 h 4 A W
HH TG R X, A 2 81 H 2 H R A
F G L(P<0.01) , 45 5 3¢ B it 2 15 i) £
FEK: ,hBM-MSC £ 1] mdx 32 5 5607 (5 8% W iE &
FARE A, H7R T 41 AT BB AE BL AR 431k o LA 7 5 4
REFOLR M BR B 1 A 2 A 4 A5 Dys JfEs
SR BAYE, #E—2UF RS mdx Bl Dys FHA: ULAH i
K VE hBM-MSC ; 205 AR 50 IR NS | 20 i
55 9 R 22 fik 240 B P R B R T A L 1 3 Ak R R
S A i e e 4 R AR D o2 JR A mdx Bl B E
PEE R C57 B, X ULBIIE A mdx BUAY T 40 i [l
HLPe 5 mE A A A ] S BR 24 h B ST
2 XA, C57 B BE ST IS P mdx B (P<O.
05), VLI A hBM-MSC [ B 58 [0 8 5 B4 4
He (W4 it B8 F1 A T], mdx BUR 281 40 A B 4
AH Bl 25 %0 78 IR T IR FE 1Y 25 Fh A A, 120 B 2 B A5 L
C57 B, B LA 6 i 5 P 5 2 T Rl
3.3 hBM-MSC T3 514 5B B NUVLE % &

PRSI 5 73 W1 1 1) 5T T 4 M AE AR AR 75 = (T
5- RS MIAT ) Be oAk R WURE 20 i 5 oK 28475 5 1) B i 1)
BT 4 3Rk B L R Y I MyoD,Myf5,
myogenin, A% 555 >k H NCL-DYS3 T 14 i I £ A
mdx FUJLIE Dys ) %35 ;NCL-DYS3 i #4 & bt A 2
Dys &4 NCL-DYS B repEPiiA, 2 A2 Dys
MR SEPEBUIR , R 5 BRULEE Dys e 6o 5 Iz 68 [H it
mdx FUJLEE NCL-DYS3 FH 4 WL4H i 2 hBM-MSC %>
Rk, A SC oG 45 1 & B 86 T A i B A IR T
mdx FUR BT L 4E K LZF 4 Dys BH 502 7 4 = (5%
M1 H 2 H .4 ANLEYE Dys 5% 5 6 BH M 5 4 1)
H 6.6% .8.4% .8.9%) . 5 H #E L H-TdR J5 6 ¥ o3
i Bh A28 A 4% s — %0, UEW hBM-MSC fEHi A mdx
RN o R 3|7 S = = I INi s et
{52 JE B 8% UL SH-TdR 5 6 1 4 5 10 Dys G %
PG G, SRR W] g2 T 4 A A A B S L 1
KA LA, i LU AS 2% 38 Dys, A WF58 0N
HHET AN MR A5 97 NOD/RAG fUn, %P mdx
LA 55k 1 A N Dys BHPELEF 43k 14.1+3.6 A~(T
MR A R 0.26%); 78 hBM-MSC 431k 48 85 L

BIRE T L BE T Aol , Ui mdx BRUAY LA e
AEXF MSC A7 B 5 (1 #4161 78 Chen'™ #9552 56 v 12 0L
SN T 20 3 O R AL P, ke SR % 4 i
AT A HLH AR . BRI R
e LT 290 A0 ) 5 5T 240 R BE 3 Ak A B UL,
B AT O 5 MDA A A I 200 N o3 A A e 8 UL 8 A )
RE A BR . AHE5E L W] hBM-MSC % H A 1l BE i h
DMD i) — A 20697 T-B

S 3k

[1] ReyesM, Lund T, Lenvik T, et al. Purification and ex vivo expansion
of postnatal human marrow mesodermal progenitor cells[J]. Blood,
2001, 98: 2615-25.

[2] 5kMTH, 5K &, X0 FR, % . Duchenne N7 75 AN KB A Bl #672
T )5 dystrophin (3K [J]. AR 2R %5, 2002, 35(10): 358-60.
Zhang WX, Zhang C, Liu ZL, et al. Dystrophin expression in mdx
mouse restored by bone marrow transplantation[J]. Chin J Neurol,
2002, 35(10): 358-60.

[3] GaoJZ, Dennis JE, Muzic RF, et al. The dynamic in vivo distribution
of bone marrow-derived mesenchymal stem cells after infusion [J].
Cells Tissues Organs, 2001, 169: 12-20.

[4] FRTEW, SB30T0, F™ 4. N B B 5L 5T T 40 e 5 B X T 1 i T

YA PR SM 84 4R T 9 (D], o R LR R A A4 R, 2003, 13(6):
8-11.
Lin JR, Guo KY, Yan DA. A study on the clone culture of human
bone marrow mesenchymal stem cells ( hMSCs) and their ex vivo
support affect on hematopoiesis [J]. Chin J Mod Med, 2003, 13(6):
8-11.

[5] Watt FM, Ogan BL. Stem cells and their niches[J]. Science, 2000,
287: 1427-30.

[6] Bossolasco P, Corti S, Strazzer S, et al. Skeletal muscle differentiation
potential of human adult bone marrow cells[J ]. Exp Cell Res, 2004,
295: 66-78.

[7] 285k R, X TR, A UL T R F MoyD 5 myogenin 7E L

5 16 S a3 R M sh B AR [T ], 5 — ZE & K222, 2004, 24(5):
542-5.
Zeng Y, Zhang C, Liu KX, et al. Dynamic changes in the
expressions of myogenic regulatory factors MyoD and myogenin
during repair of muscle injury [J]. J First Mil Med Univ/Di Yi Jun
Yi Da Xue Xue Bao, 2004, 24(5): 542-5.

[8] Altmannsberger M, Weber K, Droste R, et al. Desmin is a specific
marker for rhabdomyo-sarcomas of human and rat origin[J]. Am J
Pathol, 1985, 118: 85-95.

[9] ChenlJ, Sanberg PRY, LiY, et al. Intravenous adminstration of
human umbilicalcord blood reduces behavioral deficits after stroke
in rats[ J . Stroke, 2001, 32: 2682-8.

[10] Corti S, Strazzer S, Del Bo R, et al. A subpopulation of murine bone
marrow cells fully differentiate along the myogenic pathway and
participates in muscle repair in mdx dystrophic mouse [J]. Exp
Cell Res, 2002, 277: 74-85.

[11] Camargo FD, Green R, Capetenaki Y, et al. Single hematopoietic
stem cells generate skeletal muscle through myeloid intermediates
[J]. Nat Med, 2003, 9:1520-27.



