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Dystrophin expression and pathology of diaphragm muscles of mdx mice after xenogenic bone

marrow stem cell transplantation
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LU Xi-lin
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Abstract: Objective To investigate the effect of bone marrow stem cell transplantation (BMT) on the diaphragm muscles of
mdx mice, a mouse model of Duchenne muscular dystrophy (DMD). Methods The bone marrow-derived stem cells form male
SD rats was transplanted through the tail vein into 18 female 8-week-old mdx mice, which were sacrificed at 4, 8 and 12
weeks after BMT (6 at each time point), respectively. The diaphragm muscles of the mice were subjected to HE staining, im-
munofluorescence detection of dystrophin, reverse transcription (RT)-PCR analysis of dystrophin mRNA transcripts and PCR
analysis of Sry (sex-determining region on the Y chromosome) gene, with age-matched female C57 mice and untreated mdx
mice as the controls. Results The proportion of centrally nucleated fibers (CNF) in the diaphragm muscle of the recipient mdx
mice was (15.58+0.91)%, (12.50+1.87)% and (10.17+1.17)% at 4, 8 and 12 weeks after BMT, respectively, significantly
smaller than that of untreated mdx mice [(19.5+1.87)%], and the fibers after BMT showed less inflammatory infiltration. Com-
pared with the untreated mice, the recipient mdx mice showed green fluorescence on significantly more diaphragm muscle cell
membranes [with the proportion of dystrophin-positive fibers of (1.00+0.32)%, (6.00+1.05)% and (11.92+1.11)% at 4, 8, and
12 weeks after BMT]. RT-PCR of dystrophin mRNA al-

so demonstrated significantly higher relative levels of
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T 5L B 20 M 22 R e K T RO S B ME P mdx
B, WL B LR Sk JR 1Y dystrophin # ik 8 57 T B B
BAIRYT DMD By mdx /U B AN &2
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J7 WAL B A mdx BN R KR A SE AR B Il i
DMEM fEZS FXf #E

133 BHERE KAIBIE LR HE £ & 2 IR
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PBS %t 3x5 min; i Al th 240 4 1gG-FITC (1:200) , =
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dystrophin & 1 2 GAPDH ) CDNA 5| % ffi i Oligo
50 Afriit, S1F 503k 1, ¥ dystrophin 5
GAPDH 4374 3% | PCR ¥ 3 {& R 5€ 4 #H 7] . DNA2.0
wl,dNTPO.2 mmol/L ,Mgcl22.0 mmol/L, 10 xBuffer3.0
wl, Taq i lunit, 514745 0.5 wmol/L, & F /K #h %2 &
R 30 pl, TEIRZSHCH .94 CHIAE 1 5 min, 94 CA
£ 40 5,60 CiB 'k 455,72 CHEAH 1 min, 34 G
72 CHEAH 10 min, PCR 774 2%35 R 0l B e L VK
TRAE 2B YLD Gel2Doc200 R EE 18 A5 43 B A 4 B8
{8 H1 alpha-imager 2800 4K 443 B 5% 4 B K FE {H | dys-
trophin % 4 %} Jl dystrophin /X ¥ /GAPDH X i %
N, TR T 2 5 fE 2 AT

< 1 dystrophin & GAPDH #J cDNA 3| ¥/ 51 &
RT-PCR ¥ & K Wi &
Tab.1 Primer sequence of dystrophin and GAPDH
cDNA and fragment length after RT-PCR
Fragment length (bp)

Exon Primer sequence for CDNA

F : 5' ctegtagtectgeecaga3'
Dystrophin 444
R : 5" gtttgactgccaaccactcg3'

F: 5" accacagtccatgecatcac3'
GAPDH 451
R : 5' tccaccaccetgttgetgta 3'

1.3.6 #HE IR X K Sry A B 49 PCR # @ H
AT T =70 “CUKFA B RIS 45 5 ) s S A B H mdx
B 5 R SD R BRUIR UL, 42 R 500 65 138 B 4 SO (A7
DNA, K Sry 2K 51475 F.5'CTGGCTCTGC T
CCTACCT3";R;5'GCTGTTTGCTGCCTTTGA3' ,PCR
P48 &k & .DNAL.0 pl,dNTP 0.2 mmol/L,MgCl, 22.0
mmol/L, 10xbuffer3.0 wl, Tag M 1 w1, 51494 0.5 pmol/L,

BT KA Z BARL 30 wl, IS %L.95 CHiAE
5 min,94 CZEPE 30 s ,54 °CiE k 45s |72 CHEAH 50
$,32 MEAIF 72 CLHEMR Tmin, SR =948 2 %t

RS I FL K, TRAL & B 1 | Gel2Doc200 Y 5E i A%
BT HT A IR A i BER /N R 325 bp,

1.4 %3 %t

YIRUH s Fon, FFH SPSS 11.0 S8 it #4173

N2y 225007, 7 2255 F AL L S-N-K K58, 7
#5354 F Games-Howell £ 5: , P<0.05 B 22 554 4t
eEE X,
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U | SR AE 25 4 00 /b RIBYT ) mdx BUIR L
P RT DR S AR P A R, LA AR A B kb | L
A A AR T AR KNS — A ZE AR AL K A, 2 B
2 Mk /D | A L 22 1R (B | K IR I R 4T A A 2L
T | 5 1 200 e i i B S 3 2 | LA PR v RS A B
CNF Ll (19.5+1.87)% ., R A8 I I8 L 40 i 5 3 A% A8
H RV FTg > CNF H B i & % T AR A 4
LB s [ RS 2 Dl A4S 4.8 12 J& 4351 M (15.58+
0.91)% .(12.50+£1.87)% (10.17£1.17%)], 2P ¥ b 5%
o SR 2E A R EME R 2 1),
2.2 # )G mdx R AR LA 2R dystrophin & A 89 3 &
AL
22.1 % 9% % K A& dystrophin # & X T 4L dys-

F 2 FZHEBERA CNF Lt 6, %R 2 ¢ BA 14 28 B bk 61 | dystrohpin mRNA 48 3¢

B%

Tab.2 The percentage of centrally nucleated fibers (CNF), fibers with
dystrophin immunofluorescence and relative level of dystrophin mRNA
(n=6, Mean+SD)

Percentage of fibers with
dystrophin immunofluorescence (%)  dystrophin mRNA

Relative level of

Group Percentage of CNF (%)
C57 0.83+0.68
Untreated mdx 19.50+1.87
4 weeks after BMT 15.58+0.91
8 weeks after BMT 12.50+1.87
12 weeks after BMT 10.17+1.17

100.00 0.63+0.04
0.17+0.41 0
1.00+0.32 0.19+0.05
6.00+1.05 0.26+0.06

11.92+1.11 0.36+0.04

There were significant differences in the percentage of CNF in the diaphragm muscles between any two

groups (P<0.01 between 4 and 8 weeks after BMT, P<0.05 between any two of the rest groups). There were

significant differences in the percentage of fibers with dystrophin fluorescence in the diaphragm muscles

between any two groups (P<0.05 between untreated mice and recipient mice 4 weeks after BMT, P<0.01

between any two of the rest groups). There were also significant differences in the relative level of dystrophin

mRNA in diaphragm muscles between any two groups (P<0.05 between the recipients 4 and 8 weeks after

BMT, and between the recipients 8 and 12 weeks after BMT; P<0.01 between any two of the rest groups).
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Fig.1 Pathology of the diaphragm muscles (HE staining)

A: The diaphragm muscle fibers of C57 mice in the cross sections are polygon or oval in shape, with clear and intact margin and

nuclei in the peripheral portion. There was no inflammatory and connective tissue infiltration (Original magnification: x400); B:

In the diaphragm muscle of untreated mdx mice, the size of the fibers in transverse sections varied enormously with atrophy or

hypertrophy. Some fibers showed degenerative and necrotic changes. Obvious inflammatory cell infiltration and replacement by

fat and connective tissue can be seen (Original magnification: x200); C: Diaphragm muscles of a recipient mouse 12 weeks after

BMT the percentage of CNF in the treated mdx mice significantly decreased as compared with untreated mdx mice. The fibers

were in more orderly alignment with less inflammatory cell infiltration; (Original magnification: x400)
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2.2.2 A& ML dystrophin # RT-PCR % % C57 BURAL

E 2 REHERAA dystrophin % 2% 5 ¥ 46 il

Fig.2 Immunofluorescent detection of dystrophin in the diaphragm muscles

A: Homogenous green fluorescence shown on all the fiber membranes of C57 mice (Original magnification: x400);

B: Very little fluorescence in the untreated mdx mice (Original magnification: x400); C: Dystrophin expression in

the diaphragm of a recipient mdx mice 12 weeks after BMT (Yellow asterisks indicate fibers with dystrophin

expression on the fiber membrane; original magnification: x400).
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501

SROE W, A5 e A B T 20 M A% AL A K R LA 3R A RAE A5 8 LR UL dystrophin 3 125 J2 s B i 78 - 57 -

" dystrophin

3 F@AL dystrophin & GAPDH Ky RT-PCR B ik & R
Fig.3 Representitive result of RT-PCR analysis of
dystrophin and GAPDH mRNA in the diaphragm

M: Marker; Lane 1: C57 mouse; Lane 2: Untreated mdx mouse;

Lane 3: Recipient mdx mouse 4 weeks after BMT, 4: Recipient

mdx mouse 8 weeks after BMT; 5: Recipient mdx mouse 12
weeks after BMT

& 4 FRAL Sry # & PCR Bik&ER
Fig.4 Representitive result of PCR analysis of Sry
gene in the diaphragm
M: Marker; Lane 1: Untreated mdx mouse; Lane 2: Male SD
rat; Lane 3: Recipient mdx mouse 4 weeks after BMT; Lane
4: Recipient mdx mouse 8 weeks after BMT; Lane 5:

Recipient mdx mouse 12 weeks after BMT
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WL AS W AE A 5 B 7Y BUAE 5 v B 4 9 o LA 5
AR, ARSZE H AR IRYT 4 mdx BUR LKA Y) B 19
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Z[CNF H. 94 (19.50+1.87)%], 55 Liu® B B 57 45 F
AHARL

1999 4 Gussoni' "% C57 M LAY 15 8 i 1 T
AN 4 BEAN MG DL K SP 40 i 28 B IOk RS A A O
mdx B, 4000 F 5.8 12 J& J5 B §r AL 2E 47 dys-
trophin 2 ZEGAM , 7E 2 BERSAE S 1SS 8 JH WL
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MIECN 1%, 12 JAJG K5 10%, 32560 45 5 W] if 2 0
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ML AE J5 mdx /)N B IE LE S A8 H A BT 03 4 i
[i4] J5T PA) 4% 1 A4 B 32 i A BT st 2, A% O A 7 240 KK
i Bsf 7] S0E < 338 sk, U B A1 U5 1 Y dystrophin 3R 3k i
mdx BRI LAY 28 PR IR AR D | B B — s 1 R4 R T,
X5 Feng® I WFoE — 8, AL H L5 R — ks
BET 4B AEAR AT DL B s LA i, JF HAE R
Ge R A JE A LA A B mdx SRS B R AR A M S B
HLTY ) g L

FATIEFER B Y Je A RE 5 09 Sry B KRy ist
febris, R PCR BRI 3G Sry BE K 43 )7 51
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e A5 I TR]ACAY mdx /) BRUIE LS A0 2 Sy BEPA
P — B IE L A 4] mdx BB LA H #5384 £ 1) dys-
trophin FH 4 L Z0 H SR P (0t (A B, ME SRS R BT

LaBarge!"" 4538 532 s BUIL R 1 45 B GFP+ B 48
T 240 LA A Ak Sl LA L ) 2 25 A8 Ak | & 3B T A
AN AN Ak Sk FL A e s L RT3 Ak A UL T 2 e, G
M7 S BT A 9 T 40 A 3R B GFP A+ 4 i
55T AL Bt 45 5 A BB T 3G i HR R - T 40 I A A
Je 1) LA e v A2 0ok 2 T g 5 R LA L 1) kB A
REEAA R, B o LT 40l M5 2L KB A
JULZ L 4l o FRATTHE I | AU T 200 L 2 e K RS
HH mdx BRS (K& 53 V0 L3 548 ) | 76 ™ F 5 28 1 g
WLET 3k iy R AL IR F i 51T, 3 B A 285k
JIEE JUL i A 281 3 i UL, 2 e A8 A UL TR 4 L B S AR =)
R A R AR T B R E UL,

SN2 A S SR K B T A 28 R VK AL A
G Y7 DMD BRI B mdx B, LA B2 78 2 S8 Al
mRNA DNA 1) 7K - ik 5 3t {A< 248 Jifa 1 21 A8 52 445 /)
SR NL , #F— 20 S T B 88 T 40 RS Al A A RS
J 1R 4 B R YT DMD A RO

S E WK .
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