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The Clinical Features, Immunostaining and Genetic Study in
Duchenne/Becker Muscular Dystrophy
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Eun-Hye Lee, M.D., Mi-Sun Yum, M.D., Jung-Min Ko, M.D.
Han-Wook Yoo, M.D. and Tae-Sung Ko, M.D.

Department of Pediatrics, Asan Medical Center
University of Ulsan College of Medicine, Seoul, Korea.

Purpose : This retrospective study was designed to know the relation between clinical
features, genetics, and immunostaining findings among children with Duchenne muscular
dystrophy (DMD)/Becker muscular dystrophy (BMD) and the validity of the diagnostic
tools for muscular dystrophy.

Methods : The medical records and computerized databases of 93 patients diagnosed
with DMD/BMD from June 1989 to December 2008 were reviewed retrospectively. Demo-
graphic characteristics including clinical features, serum creatinine kinase(CK) level, elec-
tromyogram(EMG) and nerve conduction velocity(NCV), muscle biopsy, immunochemical
staining for dystrophin, and the deletion of dystrophin gene were analyzed. We calculate
the concordance rate between type of frame (in or out of frame) and phenotype.

Results : 58(62%) children were diagnosed with DMD, 13(14%) BMD, 19(20%) unclas-
sified dystrophy, and 3(3%) DMD/BMD carriers. The mean age of symptom onset was
5.0+ 3.5 years(range, 1-17). 46(49%) children presented gait disturbance and 35(37%) eleva-
tion of liver enzymes. The mean value of serum CK enzyme was 14,758+11,792 IU/L
(range, 633-61,349). There was no dystrophin in the immunochemical stain among 48 DMD
children and at least partial or incomplete dystrophin among 10 BMD children. 28/54(51%)
children had dystrophin gene deletion in multiplex PCR and 13/14(92%) in Multiplex Liga-
tion—dependent Probe Amplification(MLPA). The loss of heterozygosity was shown in 2
children by MLPA. The overall concordance rate between type of frame(in or out of
frame) and phenotype was 95% in this study.

Conclusion : Despite of small population, this finding indicates that the determination
of type of frame (in or out of frame) by MLPA may be helpful in differential diagnosis of
DMD/BMD. In addition, we surmise that the detection of carrier by MLPA is helpful in
genetic counseling.
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Multiplex ligation-dependent probe amplification
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Multiplex PCR: ZHAFE A3
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(A) The RNA cequencing of Dystrophine gene
1 toctgacat cagttactgtottgact cact cagt ot tgggat cactcact ttoococtac

: Duchenne/Becker °] %9 %%
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&S FalEATE. 4 GenBank®ll Al
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(D) The position of the last codon of each exon
@X0N__ poSilion _exon_ posiion exon_position exon
41 Bl

1 T 21 T 3 T
| - . " 2 3 22 3 42 3 62 2
61 aggactcagatct ttacctt gaat gaagty 3 3 23 3 a3 > &3 h
121 ttactttttttaaaactoctgaagtttattogtttctcattatttttaagectact agag 4 3 24 3 44 3 1] 1
181 5 3 25 3 45 2 ES 2
caataaaghttgaagaacttttaccaggttttttttatcoct occttgatatacactttt & 2 26 3 e 3 &6 h
241 caaa/atg/ctt/tag/tgo/gaalgaa/ata/vag/gac/tat /tat /oaafagafgaa/gat fatt/caa/aagfaa ; :'3 g; g :; g g; g
301 afaca/ttc/aca/aaa/tagfgta/aat/gca/caa/ttt/tet /faag/ttt /ogg/aag/ cag/cat /att /gag/aa 9 3 29 3 a3 3 69 3
10 3 30 3 50 1 70 2
361 c/cte/ttefagt/ gac/ctal cagfgat/aga/ asalcacl ctefctal gac/etef et/ gaal goc/ ctofacalas |y 2 3 3 g1 3 7 2
421 gfcaafaaafct e/ ccafaaa/ gaa/aaa/ aga/ tecfaca/agalat tf cat facc/cta/aac/aat f gt c/aac/aa :; g g; g g; ; ;g §
481 gfgcalctaofcan/gtt/tta/cag/aac/aat /aat/ott foat /tta/atafaat/att /aga/agt fact foac/at 14 3 34 3 54 2 74 2
£ 15 3 35 3 55 3 75 3
. 16 3 36 3 56 2 76 1
(B) The position of RNA Sequencing of the each exon 17 2 37 3 57 3 7 !
18 3 38 3 58 1 78 3
exonl=1-275, exon2=276-337, exon3=338-430, exon4=431-508, exon5=509-601 19 1 39 3 59 3 79 3
B 20 3 40 3 60 3
(C) Kozak consensus and Start codon (€) in frame vs out of frame
Kozak consensus : GCC GCC ACC ATG G ex) deletion exen 13~15 : ... A123 & 3/... : cut of frame
deletion exon 12~43 @ /123 & 123/ ! in frame

G

Exon 1 ¢ CTT TCC AAA ATGC

Fig. 1. The method of Differentiation :

in frame vs out of frame.
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Table 1. The First Symptom and Manifestation Age
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ergron)

ez d F4x Arb= 54904 multiplex
PCRZ Aldglor A= Table 3 2 a1, 1470l
A MLPAZ A3t ow A= Table 49 2t}
Multiplex PCRS Al &)t 5478 %
Aol ALY MLPAS Ald3 1445 139
(92%)°ll Al A<=o] HA=AE MLPA AALE E3)

28 (51%) 91l A

Gait disturbance Extremity weakness Liver enzyme elevation Unknown
N Age N Age N Age N  Age
DMD 30 1-8(51%35) 3 4 20 1-7(26*=1.7) 5
BMD 4  4-17(10.5%*9.1) 0 8 1-9(6.1£2.6) 1
unclassified 12 2-15(5.8%4) 0 4 1-8(4.5%3.1) 3
Carrier 0 0 3 8-10(9*1) 0
Abbreviations : DMD, duchenne muscular dystrophy; BMD, becker muscular dystrophy
Table 2. The Clinical Feature of each Type
Gower Family . . Myopathy at Dy strophin
sign(+)  history(+) CK at diagnosis — g\i"g NCV deletion(+)
DMD(N=58) 31/45" 7/53" 18,402+12,117 IU/L 37/457( 82%)  24/45"( 53%)
BMD(N=13) 2/10° 1/5° 6,675+6,414 IU/L 9/10"( 90%) 9/117( 81%)
Unclassified(N=19)  11/14 2/13" 11,103£9,032 IU/L 13/147( 92%) 9/9" (100%)
Carrier(N=3) 0/3° 2/3° 1,281+637 IU/L 2/2" (100%) 2/3" ( 66%)
Total(N=93) 44/72° 12/74° 14,758+11,792 TU/L 61/717( 85%)  44/68"( 64%)

*Abbreviations : DMD, duchenne muscular dystrophy; BMD, becker muscular dystrophy
The number of positive patients/the number of all recorded patients
"The number of positive patients/the number of all tested patients
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Table 3. The Distribution of Exon Deletion by Multiplex PCR for Dystrophin Gene in Duchenne Mus-
cular Dystrophy, Becker Muscular Dystrophy, Unclassified

DMD N(37) BMD N(7) unclassified N(9) Carrier  N(1)
45, 47, 48, 50 3 45, 47 1 43 2 - 1
46, 47, 48 2 45, 46, 47 1 46 1

48, 50 1 45, 46, 47, 48 1 45, 47 1

44 1 45, 46, 47, 48, 50, 51 1 50, 51, 52 1

45, 46, 47, 48 1 45, 47, 48, 50, 51, 52 1 51 1

48, 50, 51 1 2 52 1

51 1 60 1

8, 13 1 12, 13, 17, 19 1

8, 13, 17, 19 1 - 0

13 1

19 1

- 23

Abbreviations : DMD, duchenne muscular dystrophy; BMD, becker muscular dystrophy

“Bold is Hot spot(exon 44-55)

Table 4. The Distribution of Exon Deletion by MLPA for Dystrophin Gene in Duchenne Muscular

Dystrophy, Becker Muscular Dystrophy, Unclassified

DMD N(8) BMD N(4) unclassified N(0) carrier N(2)
44 1 45-47 1 - 0 3-7 1
52 1 45-48 1 10-13° 1
52-54 1 45-53 1 - 0
38-43 1 45-55 1

62 1 0

66 1

3-11 1

- 1

Abbreviations : DMD, duchenne muscular dystrophy; BMD, becker muscular dystrophy

“Heterozygote Deletion
"Bold is Hot spot(exond4-55)
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Table. 5 The Correlation of Frame and Phenotype

DMD BMD

Deletion N(14) Type of frame Deletion N(7) Type of frame
45-50 3 out of frame 45-47 3 in frame
44 2 out of frame 45-48 1 in frame
48-50 1 out of frame 45-51 1 in frame
48-51 1 in frame 45-53 1 in frame
38-43 1 out of frame 45-55 1 in frame
51 1 out of frame

52 1 out of frame

52-54 1 out of frame

62 1 out of frame

66 1 out of frame

3-11 1 out of frame

Abbreviations : DMD, duchenne muscular dystrophy; BMD, becker muscular dystrophy
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