DMD Researchin China

Haifang Yin PhD
Professor

Tianjin Medical University




DMD research in China

A Diagnosisi prenatal and postnatal
A Treatments/trials in China

A Distribution of DMD clinics and research
groups

A My DMD research interest



Diagnosis of DMD in China

Diagnostic value of microsatellite markers in DMD gene for female carrier. LUQ Fu - wei', CHEN Wei - dong’ , GENG
" Xi', ZHOU Lu' , OUYANG Shu - yuan'. (1. Center of Prenatal Diagnosis, Shenzhen Maternal and Child Hospital, Shenzhen 518025,
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Detection of genomic duplications and deletions of the DMD gene in affected males and female carriers by using
mutiplex ligation-dependent probe amplification  SHEN Ben-chang', ZHANG Cheng®, SUN Xiao-fang®, ZHANG
Hui-min®, LI Shao-ying®. ‘( Department of Medical Genetics and Cell Bidogy, School of Basic Science, Guangzhou
Prenatal gene diagnosis for Duchenne muscular dystrophy

TU Ze-rong] , WANG Yan’ , LIANG Zhi-qingl , YAO Hong' , BAI Yun® , CHANG Qingl (' Department of Gynaecology and
Obstetrics, Southwest Hospital, *Department of Medical Genetics, College of Medicine, Third Military Medical University, Chongging

Prenatal diagnosis of Duchenne and Becker muscular dystrophy by
multiplex ligation-dependent probe amplification

WANG Qian" ?, JIN Chun-Lian®, LIN Chang-Kun®, CUI Wan-Ting’, MA Hong-Wei’,

Detect Gene Deletion in Duchenne Muscular Dystrophy by Multiplex-PCR using Ten Pairs of Primers

Prenatal diagnosis in sixteen families with non-deletion Duchenne muscu-

lar dystrophy



Diagnostic approaches

1. Multiplex ligation -dependent probe amplification (MLPA)
2 Multiplex PCR

3.Short tandem repeat (STR) polymorphismbased linkage
analysis

4 Microsatellite marker

5.Single strand conformation polymorphism (SSCP)
6.Southern blot

/. Heterduplex analysis

8.DNA microarray



Prenatal diagnosis
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Exon 45 deletion A° normal contrdl B° unborn baby (Del45); C mother
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MLPA analysis of exon 452 deletion AC- control, BD-DMD patients B T Exon

45-50 deletion D- exon 5152 deletion




Mutation spectrum

[[] Deletion (%)

’ N B replication (%)

Mutation frequency
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59.286 DMD deletions with the hotpot between exon45 and 54 (48.29%), and

the highest incidence is the deletion of exé0 (7.32%);
49(6.82%)>48(5.95%)>51(5.15%); replication hotspot: between exon 2 and 43.




Correlation between genotype and symptoms
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Treatments/trials in China

Microdystrophin Delivery in Dystrophin-Deficient (mdx) Mice by
Genetically-Corrected Syngeneic MSCs Transplantation

Clinical observation of 15 cases of patients undergoing
autologous purified blood stem cell for treatment of
duchenne muscular dystrophy diseases

Effect of Combined Transplantation of Bone Marrow Mesenchymal Stem Cells and Umbilical Cord Blood Mesenchymal
Stem Cells Transplantation on Muscular Dystrophy LV Nai —wu, YANG Xiao —feng, XU Yi —feng, et al. 463rd Hospital
of Chinese PIA  Shenvans1 10047 Chinn
Curative effect analysis of transplantation of autologous mesenchymal stem cells in patients with
psudohypertrophic muscular dystrophy ZHANG Yibin ,YANG Xiaofeng , WANG Hongmei et al. PLA
463 Hospital , Cell Treatment Center ,Shenyang 110042, China

[ Abstract] Objective To discuss the clinical effect of transplantatmn of autologous mesenchymal
stem cells in patients with psudohypertrophic muscular dystrophy. Methods Tﬂtallypatients who
were diagnosed with psudohypertrophic muscular dystrophy received a whole year treatment with autologous

MG e tranenlantatinn in e rentsr Paramatere hofare and after Preastment wers cnmnared Crannlacvte.onl-

Electromyographic changes before and after stem cell transplantation
in treatment of Duchenne muscular dystrophy

WU Yan-xiang, YANG Xiao-feng, WANG Hong-mei, XU Yi-feng,

FLIARIA A ldem DT Rlmioian.



Treatments In China

1.Chinese medicind herbs,
acupuncture and massage
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2.Myoblast cell therapy

3.Bone marrow mesenchymal stem
cell therap
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5.Cord blood mesenchymal stem cell
6.Microdystrophin + BMSC
7.Recovery training

8.Physical therapy
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Geography of DMD groups
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Tianjin Medical University

17 colleges, 13 clinical colleges and 14 teaching hospitals

The third clinical college Nankai clinical college

Taida cardivascular clinical college Eye clinical college



6 Affiliated hospitals

|1 DUEELIDDIDI A -

The second

affilated hospital

3 o

Metabolic disorders

Eye Surgery



Tianjin -Oxford Joint laboratory of
gene therapy

Tianjin 1 Oxford
_ Joint Laboratory
il .| of Gene Therapy
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Tianjin -Oxford Joint laboratory of
gene therapy
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Antisense Oligonucleotide (AO)
mediated exon skipping for DMD

a Normal

DMD patients
@« ER EEEH? 00
@ 49 50 > [@m > W

b Exon Skipping
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First evidence In themdx mouse

A 2 Ome PSAO chemistry+F12
Polymer

A Intravenous deliveryl00mg/kg
3 weekly)

A Up to5% normal level in
skeletal muscles

A No expression in heart

A First clinical trial in the
Netherlands

Lu, Yin et al. PNAS (2005)
102(1): 198-203




Improved AO Chemlstry PMO

1x injection

A Intravenous delivery ---

(100mg/kg, 7 Weekly) wa

A Up to50% normal
level in skeletal
muscles -
A No expression in hear
A Second DMD clinical s
trial in the UK
Lu, Yin, et al. Nat. Med. 2006, -

12: 1757 177. s

3x injections 7x injections
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Limitation to current AOs

A Systemic delivery efficiencyLOW

A Level of uptake in heart; LOW



How to solve the problem?

Peptidemediated AO delivery

Liposome/Biopolymer E Chemical Nanoparticle



First evidence in themdx mouse heart

Name Sequence Abbreviation  Length
M23D 5 &6GCCAAACCTCGGCTTACCTGAAAT-3 6 PMO 25
R peptide N- RXRRXRRXRRXRXB -C (RXR),XB 14
B peptide N- RXRRBRRXRRBRXB -C (RXRRBR),XB 14
R = L-arginine, X=6-ami nohexanoi-alanmei d, B = b

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



R peptide improves AO delivery

TA guadriceps gastrocnemius biceps

A IV delivery
(25mg/kg,

1injection) St

A Up to100%
normal level
In skeletal
muscles

untreated mdx

A 15% in hear ? |

A Globally?

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



Is CPP-PMO conjugate better than
naked PMO?

A Systemic delivery:30 times higher
A Expression in heart: Broke the code

A But lack of targeting



ldentification of novel musclespecific peptide

diaphragm Skeletal muscle heart

Seow, Yin et al. Peptide (2010) 31(10



Concept of chimeric peptide

7

B peptide ]‘ MSP

N

-GGCCAAACCTCGGCTTACCTGAAAT

MSP } B peptide

\

-GGCCAAACCTCGGCTTACCTGAAAT

J

TA quadriceps gastrocnemius biceps  diaphragm heart abdominal

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




Low dose induced high efficacy

A IV delivery 6mg/kg,3 N e i A
weekly)

A Up to100% exon =
skipping at RNA leve| #"7™©

A 2.5~4fold higher than B
PMO alone at protein
level

#@B-PMO

25 9 0 B-MSP-PMO

A Functions inorder-
dependent manner

percentage of normal control
— —_ N
o w o w o
é o

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



Cumulative effect

guadriceps triceps biceps diaphragm heart abdominal

multiple .l.ll.

A IV delivery (6mg/kg, 6 bi-weekly)

A 100% correction in skeletal muscle

A Lower the dose significantly

A No detectable immune response and toxicity

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



Is B-MSP-PMO a perfect candidate?

A Systemic delivery:2.5-4 fold higher
A Expression in heart:minimal with low doses?

A Heart-targeting??



Novel peptide (Pip) discovery

O, NH:
(a) R6Pen Pipl RXR4 Paptr::la
]
| R, [RQIKIWFON {RRMKWKK }GG-C |{(RXR), [IKILFON {RRMKWKK I | [(RXR), 0 Peptide| 'Y-
— ——
(1)
() 400
350
3 o puo] .
=
g 0 W
= . H
=
"' (2)
£ 200
@ Name Peptide sequence Length
g 150 R RXRRXRRXRRXRXE 14
tl: = B RXRRBRRXERBEXB 14
- 100 Pip2h EXREXBREXE-IHILFON-dREMEWHEKB 4
:g Pip3e RXREBRRXR-ILFQY-RXRERXRB 12
- 5 Pip5f RXREBREXR-ILFQY-RXRXRXEB 22
i Pipsh REXRRXR-ILF)Y-RXRRXE 17
0 Pip5i FBREXRRER-ILFQY-RBRXEERE 22
( -
025051 2 4 0.3 04060812 061218 244, 'F‘.’PS}I‘ i:ﬁ:ﬁmﬁgmi:ﬁm‘* =
ip3 - - 2
Pip5m RERRXRRBR-ILF)Y-RXRBRXB 2]
conjugate concentration, yM ——> PiESJn RKRRH-RRXR-ILI‘EW-RKRRKRE 2]
Pip5a RXRREBREXR-ILF)Y-RXRERXE 2]
Luciferasesplice correction assay PNA = GGCCAAACCTGGCTTACCT

PMO = GGCCAAACCTCGGTTACCTGAAAT

Pip stands for PMO Internalization Peptide

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



Heart-targeting peptide

quadriceps gastrocnemius biceps diaphragm heart abdominal

Yin et al (2010) submitted to Science Trans Med



Complete splicing correction at RNA level

A IV delivery (25mg/kg, 1
Injection) B

A 100% exon skipping in heart
at RNA level o

A 50% of normal level in heart

A Unique features shown by alll | dystrophin
Pip5 peptldeS PipSe ne a-actinin

N L oo A

wvw B3 =
B

Yin et al (2010) submitted to Science Trans Med



Exploration of novel AO chemistries
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PNA Is a promising AO for DMD

A PNA showedong-term
effect in inducing exon
skipping inmdxmice

A Higher exon skipping activity
than2 6 Ome an® S
comparable to PMO

A Effective at low systemic
dose

A Under investigation

Yin et al, Mol. Ther. (2007)6(1):3845
Yin et al. Mol. Ther. (201Q)8(4):819827



