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Bench Science
• Improve understanding of DMD by studying genes, proteins, 

cell signaling, etc in the laboratory

• Examples:
• Better understanding of dystrophin
• Gene editing (CRISPR) techniques 
• Exon-skipping 

Kyrychenko V et al. JCI Insight. 2017



Animal Research

mdx mouse

• Stop codon mutation just like humans
• Most common animal model
• Widely used and well-studied

• Limitations
• Mild disease
• Muscles regenerate better
• Mice are not humans!



Animal Research

Zebrafish

• Smallest vertebrate model of 
DMD

• Useful for drug screens

Golden Retriever (GRMD)

• Most closely resembles 
DMD in humans

• Expensive to study

Dr. Matthew Alexander



Clinical Trials
• Studies of drugs or devices in humans

• “A trial is an experiment, not a therapy”

• Decision to participate is personal and should be thoughtful
• Informed consent
• Risks vs benefits
• Burden vs benefit of participation



The Clinical Trial “Pipeline”

Preclinical: Testing a drug in animal models

Phase 1: Determine safety and dosage (small)

Phase 2: Dose, effectiveness, and side effects (medium)

Phase 3: Effectiveness and side effects (large)

Phase 4: Continued evaluation after FDA approval



The DMD Drug “Pipeline”
• Exciting times!
• Overwhelming times!

• 88 active or soon to be active trials on clinicaltrials.gov



ParentProjectMD.org

Completed

Approval February 2017

Granted Accelerated Approval September 2016



ParentProjectMD.org



How to Evaluate a DMD Drug
Safety 

• # of side effects 

Effectiveness 
• Outcome measures

• 6MWT, stair climb time, grip strength, 
pulmonary function, NSAA, PUL

• Biomarkers
• Heart function
• MRI measures of muscle health
• Dystrophin levels from biopsies

Six Minute 
Walk Test



Clinical Trial Challenges 

Rare 
disease

Different 
mutations

Variability in 
disease 

progression

Limited 
inclusion 
criteria

Limited 
experience 
designing 

trials
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Dystrophin Restoration/Replacement
Approach Drug Company Phase

Exon 51 Skipping Exondys 51 
(eteplirsen)

Sarepta Approved

Exon 51 Skipping WVE-210201 WAVE Life Sciences Phase 1
Exon 51 Skipping SRP-5051 Sarepta Phase 1
Exon 45 Skipping Casimersin Sarepta Phase 3
Exon 53 Skipping Golodirsen Sarepta Phase 3
Exon 53 Skipping NS-065/NCNP-01 NS Pharma Phase 2

Stop Codon 
Readthrough

Translarna (Ataluren) PTC Therapeutics Approved 
internationally

Gene therapy AAV microdystrophin Nationwide Children’s Phase 1/2
Gene therapy SGT-001 Solid GT Phase 1/2
Gene therapy PF-06939926 Bamboo Pfizer Phase 1
Gene therapy Exon 2 duplication Nationwide Children’s Preclinical

CRISPR Cas 9 --- UT Southwestern Preclinical
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Treating Symptoms of DMD
Approach Drug Company Phase

Myostatin inhibition Domagrozumab Pfizer Phase 2

Myostatin inhibition BMS 986089 Roche Phase 2/3

Utrophin upregulation Ezutromid Summit Phase 2

Selective Estrogen 
Receptor Modulator

tamoxifen University Hospital 
(Switzerland)

Phase 3

Anti-inflammatory Givinostat Italfarmaco Phase 3

Anti-inflammatory Edasalonexent Catabasis Phase 1/2

Anti-inflammatory Vamorolone Revera Gen Phase 2

Anti-inflammatory MNK1411 Mallinckrodt Phase 2

Anti-fibrotic Pamrevlumab Fibrogen Phase 2
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Treating Symptoms of DMD
Approach Drug Company Phase

Calcium regulation -- -- Preclinical

Blood Flow Tadalafil Eli Lily Complete

Mitochondria Epicatechin Cardero Therapeutics Phase 1/2

Mitochondria Raxone
(idebenone)

Santhera Phase 3

Cardiac CoQ10 + lisinopril CINRG Phase 2/3

Cardiac Spironolactone vs 
eplerenone

Ohio State University Complete

Cardiac CAP-1002 Capricor Inc. Phase 2
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Becker Muscular Dystrophy Trials

• Epicatechin (phase 1/2)

• Givinostat (phase 2)

• Tadalafil (phase 1)
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Non-drug Intervention Research

• Assistive technology 
research

• Exercise research

• Pulmonary care 
research



Other DMD Research
• Observational studies

• Carrier study - Nationwide Children’s Hospital
• CINRG
• ImagingDMD
• Cognitive and behavioral research

• Quality of life studies

• Population level research
• Epidemiology studies



Evidence-based medicine/care

Evidence

Based 

Medicine

Best
Research
Evidence

Patient
Values and 
Preferences

Clinical
Expertise



Abstract

• Summary of 
the article 
and findings

Introduction

• Purpose of 
the study and 
hypotheses

Methods

• Specific 
details of 
how the 
study was 
carried out 

Results

• Figures and 
tables with 
data from the 
experiment

Discussion

• Author’s 
interpretation 
of the results 
and 
conclusions

A guide to reading research
• Results published in peer-reviewed journals
www.ncbi.nlm.nih.gov/pubmed/ or https://scholar.google.com/

Research article sections

http://www.ncbi.nlm.nih.gov/pubmed/
https://scholar.google.com/


A guide to reading research
• How many subjects participated?

• What was the study population?

• Was there a comparison group?

• Were the results statistically significant?

• Any sources a bias?

• Do you agree with the conclusions?



MRI and DMD
• ImagingDMD

• Paul D. Wellstone 
Muscular 
Dystrophy 
Cooperative 
Research Center



MRI in DMD

DMDControl



MRI in DMD





VL FF = 0.10 VL FF = 0.20 VL FF = 0.41 VL FF = 0.58

<5 sec 5-8 sec >8 sec Unable to walk

Time to walk 10 meters

Relationship between MRI and walking



CINE Imaging
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