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DMD research in China

ÅDiagnosis ïprenatal and postnatal 

ÅTreatments/trials in China

ÅDistribution of DMD clinics and research 
groups

ÅMy DMD research interest



Diagnosis of DMD in China 



Diagnostic approaches

1. Multiplex ligation -dependent probe amplification (MLPA)

2.Multiplex PCR

3.Short tandem repeat (STR) polymorphism-based linkage 

analysis

4.Microsatellite marker

5.Single strand conformation polymorphism (SSCP)

6.Southern blot

7. Heterduplex analysis

8.DNA microarray



Prenatal diagnosis

Exon 45 deletion̔ Ȧnormal control̕ Ḃunborn baby (Del45); Ċ mother 

(carrier)̆ the signal is half of the normal control̕Ḋnormal baby



MLPA analysis of exon 45-52deletion̆ AC- control, BD-DMD patients̆ B ïExon 

45-50 deletion̆ D- exon 51-52 deletion
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Mutation spectrum

59.28% DMD deletions with the hotpot between exon45 and 54 (48.29%), and 

the highest incidence is the deletion of exon50 (7.32%); 

49(6.82%)>48(5.95%)>51(5.15%); replication hotspot: between exon 2 and 43.



Correlation between genotype and symptoms



Treatments/trials in China



Treatments in China

1.Chinese medicine ïherbs, 

acupuncture and massage

2. Myoblast cell therapy

3.Bone marrow mesenchymal stem 

cell therapy (BMSC)

4.Embryo stem cell therapy

5.Cord blood mesenchymal stem cell

6.Microdystrophin + BMSC

7. Recovery training

8.Physical therapy

NO SPLICE-CORRECTION THERAPY IN CHINA!



Geography of DMD groups



Tianjin Medical University



Tianjin Medical University

The first clinical college

Eye clinical college

Nankai clinical college

Taida cardivascular clinical college

17 colleges, 13 clinical colleges and 14 teaching hospitals

The third clinical college



6 Affiliated hospitals

General Hospital The second 
affilated hospital

Oncological Surgery

Dentist Metabolic disorders Eye Surgery



Tianjin -Oxford Joint laboratory of 

gene therapy

Tianjin ïOxford 

Joint Laboratory 

of Gene Therapy



Tianjin -Oxford Joint laboratory of 

gene therapy



Antisense Oligonucleotide (AO)-

mediated exon skipping for DMD



First evidence in the mdxmouse

Å2ôOme PSAO chemistry+F127 
Polymer

ÅIntravenous delivery (100mg/kg, 
3 weekly)

ÅUp to 5% normal level in 
skeletal muscles

ÅNo expression in heart

ÅFirst clinical trial in the 
Netherlands

Lu, Yin et al. PNAS (2005) 

102(1): 198-203



Lu, Yin, et al. Nat. Med. 2006, 

12: 175 ï177.

Improved AO chemistry - PMO

ÅIntravenous delivery 
(100mg/kg, 7 weekly)

ÅUp to 50% normal 
level in skeletal 
muscles

ÅNo expression in heart

ÅSecond DMD clinical 
trial in the UK



Limitation to current AOs

ÅSystemic delivery efficiency: LOW

ÅLevel of uptake in heart: LOW



How to solve the problem?

Peptide-mediated AO delivery



Name Sequence Abbreviation Length

M23D 5ô-GGCCAAACCTCGGCTTACCTGAAAT-3ôPMO 25

R peptide N- RXRRXRRXRRXRXB -C (RXR)4XB 14

B peptide N- RXRRBRRXRRBRXB -C (RXRRBR)2XB 14

R = L-arginine, X = 6-aminohexanoic acid, B = ɓ-alanine

Yin et al. Hum Mol Genet. (2008) 17(24):3909-18 

First evidence in the mdxmouse heart



R-PMO

R peptide improves AO delivery

TA       quadriceps gastrocnemius   biceps      abdominal    diaphragmheart

ÅIV delivery 
(25mg/kg,

1 injection)

ÅUp to 100%
normal level 
in skeletal 
muscles

Å15% in heart

ÅGlobally?

Yin et al. Hum Mol Genet. (2008) 17(24):3909-18 



Is CPP-PMO conjugate better than 

naked PMO?

ÅSystemic delivery: 30 times higher

ÅExpression in heart: Broke the code

ÅBut lack of targeting
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Identification of novel muscle-specific peptide

Seow, Yin et al. Peptide (2010) 31(10):1873-7



MSPB peptide -GGCCAAACCTCGGCTTACCTGAAAT

MSP B peptide -GGCCAAACCTCGGCTTACCTGAAAT

Concept of chimeric peptide

Yin et al Hum. Mol. Genet. (2009) 18(22):4405-4414 



Yin et al Hum. Mol. Genet. (2009)

Low dose induced high efficacy

ÅIV delivery (6mg/kg, 3
weekly)

ÅUp to 100% exon 
skipping at RNA level

Å2.5~4fold higher than B-
PMO alone at protein 
level

ÅFunctions in order-
dependent manner



Cumulative effect

ÅIV delivery (6mg/kg, 6 bi-weekly)

Å100% correction in skeletal muscle

ÅLower the dose significantly

ÅNo detectable immune response and toxicity

Yin et al Mol. Ther. (2010 ) 18(10):1822-9 



Is B-MSP-PMO a perfect candidate?

ÅSystemic delivery: 2.5-4 fold higher

ÅExpression in heart: minimal with low doses?

ÅHeart-targeting??



Luciferasesplice correction assay

Novel peptide (Pip) discovery

Ivanova G, Yin et al. Nucleic Acids Res(2008). 36(20):6418-28 

Pip stands for PMO Internalization Peptide



Yin et al (2010)  submitted to Science Trans Med

Heart-targeting peptide



Yin et al (2010)  submitted to Science Trans Med

ÅIV delivery (25mg/kg, 1
injection)

Å100% exon skipping in heart 
at RNA level

Å50% of normal level in heart

ÅUnique features shown by all 
Pip5 peptides

Complete splicing correction at RNA level



Exploration of novel AO chemistries

Peptide nucleic acid 

(PNA)

Lock nucleic acid 

(LNA)

MOE



PNA is a promising AO for DMD

Yin et al, Mol. Ther. (2007)16(1):38-45 

Yin et al. Mol. Ther.  (2010)18(4):819-827 

ÅPNA showed long-term
effect in inducing exon 
skipping in mdxmice

ÅHigher exon skipping activity 
than 2ôOme PSand 
comparable to PMO

ÅEffective at low systemic 
dose

ÅUnder investigation


