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[Abstract] Background DMD gene point mutation, mainly nonsense mutation, always cause the
most severe Duchenne muscular dystrophy (DMD). However, we also observed some cases of Becker
muscular dystrophy (BMD) carrying DMD point mutation. This paper aims to explore the mechanism of
DMD point mutation causing BMD, in order to enhance the understanding of mutation types of BMD.
Methods  Sequence analysis was performed in 11 cases of BMD confirmed by typical clinical
manifestations and muscle biopsy. The exon of DMD gene was detected non-deletion or duplication by

multiplex ligation - dependent probe amplification (MLPA). Results Eleven patients carried 10 mutation
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types without mutational hotspot. Six patients carried nonsense mutations [c¢.5002G>T, p.(Glul668X);
c.1615C > T, p.(Arg539X); ¢.7105G > T, p.(Glu2369X); ¢.5287C > T, p.(Argl763X); ¢.9284T > G, p.
(Leu3095X)]. One patient carried missense mutation [¢.5234G > A, p.(Argl745His)]. Two patients carried
frameshift mutations (c.10231dupT, ¢.10491delC). Two patients carried splicing site mutations (c.4518 +
3A>T, ¢.649 + 2T > C). Conclusions DMD gene point mutation may result in BMD with mild clinical
symptoms. When clinical manifestations suggest the possibility of BMD and MLPA reveals non-deletion or
duplication mutation of DMD gene, BMD should be considered. Study on the mechanism of DMD point
mutation causing BMD is very important for gene therapy of DMD.

[Key words] Muscular dystrophy, Duchenne; Dystrophin; Point mutation
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HOREARBCH & )™ B FEAT PR IUE IR R ROAE 26
T3~ 5 %R, L B S BB, bR RN R IR ME L T
12 % i 2 5k M7 A7 5E RE T, 24 20 % B8 T WF W RO AR
Wy, Ja HEWE M, 16 2 5 5RE M 175k , &
£ 60 & JE A BE4E RS Sl ST AT E RE T, W0 A R AT )
BT IEH ' Duchenne B L& 35 AN KAE 18 %
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% 451 45 11 (dystrophin) § 2%, JJL P 6 462 JL P A BEAG: H
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Bl1 POtRMBEMENIL RERLYEE x200 la
IE H 4 B8 U BE dystrophin 2 1 3E 22 ¥ 21/ 4 1b
Becker B JJLE 7R R B & WUBE dystrophin 25 114 (408055
A AN ) IR LB AN %S 1ec Duchenne B MLE
FEAR R A WU dystrophin 2 AN % 64,

Figure 1 findings.
Immunofluorescent staining x 200 Even and contiguous

Fluorescent microscopy
dystrophin staining was seen at the myolemma of normal
control (Panel la). Uneven, weak and some non-contiguous
dystrophin staining was seen at the myolemma of BMD
patient (Panel 1b). No dystrophin staining could be seen at
the myolemma of DMD patient (Panel 1c).

= WSk

1. DNA $2 0 SRR B3 A0S & Bk 1l 2 ml, R
QIAamp DNA Blood Kits (& [E Qiagen 23 wl ) #& Bt 5
241 DNA.

2. LM & KRG R 3 pg 1Y DNA TR,
A AT R O Bofk, 2 150 bpe SR H
EpiNext™ DNA 4 5 [ 41 3¢ % il 7% 38 7 & (55 =
Mlumina 2 7)) #l & &R WU CFE . FEIEHFE™Y
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(DMSO) 5 wl, #h 78 AW ZE K 2 100 wlo S W 2k 4 -
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BTl Ix&GRE MW . IMA64ul 2x 457/ %
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B BERE IR A1 1 he WBI 2% P ¥ 3 1R 3 VE 4 2k
15 min, WB3 2% M1 65 C#§ ¥ 15 min(x3 %) . ¥k
JI5 2% b B8 45 A 9 DNA, JEAT PCR LN, IV 4%
4 :98 C i AEPE 305598 CAEME 255,65 CiR Ak
30 .72 CHEAH 30 s, Fe3T 15 AR ; e 72 CHEfH
5 mino. JUH% B SPRI beads i 7 &5 ( 3¢ [ Beckman
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F1 110 Becker BUILE F2A RAE B DMD Je R 548 5 7
Table 1. Mutation types of DMD gene in 11 patients of BMD

Case  Age (year) Mutation type  Exon or intron

Mutation site

Pattern of dystrophin by immunohistochemistry

1 16 Nonsense Exon 35
2 16 Nonsense Exon 14
3 16 Splicing Intron 7
4 25 Nonsense Exon 49
5 29 Frameshift Exon 71
6 15 Frameshift Exon 74
7 33 Splicing Intron 32
8 29 Nonsense Exon 37
9 24 Nonsense Exon 37
10 18 Nonsense Exon 63
11 19 Missense Exon 37

¢.5002G > T, p. (Glul668X)
c.1615C> T, p. (Arg539X)
c.649 +2T > C
¢.7105G > T, p. (Glu2369X)
¢.10231dupT
¢.10491delC
c.4518+3A>T
¢.5287C > T, p. (Argl763X)
¢.5287C > T, p. (Argl763X)
¢.9284T > G, p. (Leu3095X)

¢.5234G > A, p. (Argl745His)

Mosaic pattern of dystrophin
staining with Dys-N and Dys-C
Mosaic pattern of dystrophin
staining with Dys-N and Dys-C
Mosaic pattern of dystrophin
staining with Dys-N and Dys-C
Mosaic pattern of dystrophin
staining with Dys-C
Weak dystrophin
staining with Dys-N and Dys-C
Mosaic pattern of weak dystrophin
staining with Dys-N and Dys-C
Weak dystrophin
staining with Dys-N and Dys-C
Weak dystrophin
staining with Dys-N and Dys-C
Weak dystrophin
staining with Dys-N and Dys-C
Mosaic pattern of dystrophin
staining with Dys-N and Dys-C
No dystrophin
staining with Dys-C

Coulter 23 7)) UL BH F 4lifk PCR 724 . & 4 19 ST LU
HiSeq2000 Y Il 7 {3 ( 3 [ Mlumina 2w ) P47 B i
T, 32 HUK B4 90 bpo
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SOAPaligner 4 5 5 % FE A #E 47 LU X, 3RA5 A%
TR 2 A5 1 (SNP) (A A B2 S A8 4 A i 45 2R . [l
B E AT 00 TR R B R RN Y — kSR A RO B
TFo KBR dbSNP137 Edli 5 . T A5 [K 41 F1 800 44 1E
DU FE B B0 i b B Y B A AT R 22 A A
Ji A B S 2878 5 ok 8 STFT 910 %o 28 19 £ BE G 52 ) 1)
GEAFAE B, B S AR AT I A G S AR A

5. Sanger W 7 B0k AR 45 75 2500 7 19 DNA Jv
B A G, 47 PCR N, SR T ABI3730XL I 7 4%
(2 B ABI 2~ w]) LA Sanger Ml J7 325 $E 4700 7%, B 00 7
S50 5 B bR KSR AR I S R 25 R EAT et . JF
W W 25 R AE LOVD i 1 (hitp : //www.lovd.nl/) H1
K2R, ARATHE P 5 A8 07 o5 W TR A0A5 B

# =R
AL 11 B LA 10 R R AR KRR, A T
ZAINE T HRAERR(ER D) o 6 B85 0 LR

s, Horb 2 ) 5 B[R] — Fh AR 430 Sy Ah B F 35,
¢.5002G > T, p.(Glu1668X) ; #M . ¥ 14,¢.1615C> T,

p. (Arg539X) ; 4k & + 49, ¢.7105G>T, p.
(Glu2369X) ; A ¥ 37,¢.5287C > T, p.(Argl1 763X) ;
AT 63,¢.9284T > G, p.(Leu3095X) o Hij 4 Ff 5 A8
L F R A B, R 51 Becker B JILE 55 A RE
(TG L&A BN TR A B 1 2 flHE A HE S %8
A5 4y R AN B F 71, ¢.10231dupT; 4h W F 74,
¢.10491delC. 2 #5575 B UI 978, 43 51 N 5% + 32,
c.4518+3A>T; N % T 7,¢c.649+42T > Co 1 485 47 55
SCGEAE R AN T 37,¢.5234G > A, p.(Argl 745His) .

A A 8 ) 8 A TC SR FIAE B R AR R
A5 G i DR ) 5 A PR 9, R TR AU 500 R R S AT, 4
TNAFAE AR AL IR T DMD 3 DR 5 S R B 45
2 BT U) 52 AR A1 S LR A, R W] Becker B LE F7
A RE R A 1% 5 Duchenne B LS F# 4 B AEAH
A8 S, A BB SEA DMD F PR H W I K % R, 7
454 I PR 2 BRI UL PR 3 K dystrophin 25 111 3R 35 48 1k
L hr.

W it

Becker T )L 55 N RAE J& Becker T 1953 4 I
Walton T 1955 4 I — R LB FRA RAE 2, 5
Duchenne B L 55 A RGE — A+, W02 DMD L [H %
A i 8o T — i PR 5 AR Shy ] g | kR R R AN ] i R
FAVASE AR W UG 2 H T AT LA R D 15 352 A
R Y RI DM D $E H B8 1 %8 28 B Duchenne B JIL7E 77
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AN EE B 58 AR B Becker T LS FE AN BORE T K
Z L DMD PR A1 i i A RR A Y im R R Y
U] Ay S G BE B AR a8t AL 1 RN IS W

SR AT A 29 30% 1Y Duchenne B 1 Becker % JIIL
FIRAN RAE BN DMD FE R AN B 7 A B g f e
SRAR XA I R B W BB R A ok BE Il .
AL P 25 R BOR AR B M R AR 2O N
g Ag 8 35 B SR Duchenne B L 35 A K E .
Torella 2 "“'7E 153 A~ DMD K& [K 3F i 2 #5258 745
B9 DNA FEASFRIESE 121 4> DNA FEAC Y 28 A8 AL (3
99 Fp & A5 ), Ho b 46.28% (56/121) K & XL R A%,
34.71%(42/121) A HEFE 545 1 16.53% (20/121) N Y
VI AE [ 2.48%(3/121) F fi§ LGS o Tuffery-Giraud
20U 465 Pl A 28 A8 A5 A Al B R R & g A
TTHE 98 & B, 39.78% (185/465) N Jo XL 578 (31.83%
(148/465) K HEFE 5 45 . 26.88% (125/465) i BY Y] 5
A 1.51%(7/465) S5 SCOEA% 5 1 H, DMD 5 F HE it
2 M E K £ 5] 38 Duchenne B L& 57 A B IE ',
Bladen %5 "7 43 M7 7149 Bl DMD 3 [H 58 45 % 98 5 K
B, 1445 1)y JE w25 F0 EE A 9, Hovh 50.249%(726/
1445) R Jo LZEAE (33.91%(490/1445) A HEFL 2845 |
2.08%(30/1445) J 55 LAEAE o FATTIRA/INAL 19 F 5
IR, 62 51 W B 58 728 6 e (1 AR O A E & SR AR R
H 29 B (46.77% ) b Jo L5748 (16 191 (25.81% ) Hy Y
VI8 10 61(16.13% ) WHEFL 5748 (7 151 (11.29%)
B SCRAR  HA A 11 1]~ Becker B HIL 3 35 A KGE
(RKF). ATLAFE H DMD JE R AR B 4s Fi i 42 %8 748
WG R A S fe B R A K

AR BRI HEOR , 51 Becker B JILE F2 AN KAE BY
MR FERETLRE, TR FHHEN T
M2k, & WM HAsEH 2 A8 5% % BT E , 5 %
fift o R Anl DMD JE PR I S5 AR 5 WUREATS O B 38 43 A
IRE MY dystrophin 85 17 456 HH & SCHk, ZIEA LT
JE A (1) DMD JE A 8 F A7 — Rl JG SLEAS 3 Fif
ZE 7R 5 | e 3 DR ) 32 I kA A B Bk B R A2 D
HE o (2) KA DMD R 28 75 (1 [R) Bl A7 7 35 R 3
KRR o Prior % "R 45 1 9] Becker B ILE 7 A R
i FEAE, R DR e 45 S SR, DMD TR R AR G X5
A5 (A B F 59, 8921C>T) , I HiF 55 & # K N 17 78
DMD 3[R 6 R 8 % . (3) DMD 3 [H TG L 28 748 7] 5] i
HER g BT AR 4G S T, g S AR e Y
I RE B dystrophin & 1. Flanigan 55 " il Magri % ™
45 7 60 DMD £ 1R 5 % Trp3X TG S %€ 78 Y Becker

RNLE FRA RAE R, K I DMD LN % 6 541 8
T A AN U R G A MR R A R e I - L 1
(ATG) , AT 77 A 48 R 1) A 35 43 21 BE 1) dystrophin
B (4)DMD BN N & FAAAE RS, i DMD F: 1A
S 52 A FLME L)) B B 9k B 42y X e AR T ax b
5 42 5 2 AT DL yE AR D B E W A dystrophin 2 1T
(5)DMD J& R A7 AE—Fh T L2748, K A LR 28 78 1)
AR TE KSR PTC 124 15 5 TC S 2 748 1 il 7F
MEI W B RAEZ L A AR R
ARG Becker BYLE 72 A KGE A9 H AR B, (A
R F RN R T 0T LR SHERS A 22
T 3 R B 352 16 % A A S8 Bk IR T K A e A 0 —
H R FEIEAE AT A

A N L M R, AR ST R B LR AR A BT
37, ¢.5234G>A, p. (Argl1 745His) " 5 Tuffery- Giraud
25 LSR5 AP BT 74, ¢.10412T > A, p.(Leu3471X)
Pl 5|5 AL dystrophin 88 11382 3% 2K 3 (C K o ) &
&, T AT Z BANE T T o R X, R W
X A H DMD $E R K A 52 7% HOME DA T B 1
A 35 #2 7 A9 M2, 5 2 dystrophin £ 11 C R ¥ %
Ko AN, Tuffery-Giraud %5 ' W55 & B, DMD % [H
55 745 A1 BT 1 22 B O 58 AR FNAE B 28 AE ] 5]
i Becker B L F7 A RAE , $& 78 DMD HEIA € 2K i 2
JE 1R 5% 3L 3471 ~ 3500 5 5 % & 1 (dystrobrevin) Al
H. L4 11 (syntrophin) 25 & 037 5% 4E 4F dystrophin 2
HIRESE AR AT o AWFFEAME T 71,¢.10231dupT
AN F 74, ¢.10491delC ¥ 7T 5| 2 Becker B LS 37
AN RE , #E— 2 AEIE T Tuffery-Giraud 25 " H#EE .

S H R R & DMD FE R 5 e 8 Bk R
M, A WF 5T WL 3] 51 #2 Becker B ILE F5 A BAE ) 58
AR A TR A B T, 5 Sck i aE — 2

L5 B RTIR , DMD SE N 5 58748 (f 45 T8 L5878 AE
oA By VN2 AR B AR ) BT LLGE i 2 AL 5]
H2 Becker B LS F7 AN B AE , B 25 % 28 5] i Becker
RYILE 752 A KAE 1 AL AT LA R 25 A JF Duchenne
RYWUE FRAS BAE 32 AL AR 4

2 £ x #t
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