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Replacing Dystrophin to Treat Duchenne Muscular 
Dystrophy: A Promising Viral Vector Approach
by Stacey Aggarwal

Jeffrey Chamberlain hopes that his 
research will improve the outlook 
of those with Duchenne muscular 
dystrophy. The Chamberlain lab has 
developed an engineered virus to 
introduce replacement dystrophin 
to the muscles of the body. 

Duchenne muscular dystrophy (DMD) is a genetic disorder that causes muscle 
deterioration. Although some treatments may improve quality of life for those with the 
disorder, there is no cure and life expectancy is relatively short—26 years on average. 
Duchenne muscular dystrophy is the most common muscular dystrophy and is caused 
by mutations of the dystrophin gene. This gene lies on the X chromosome, making it a 
sex-linked disorder, and affects around 1 in 5,000 newborn males. Additionally, DMD is 
a “new mutation syndrome,” meaning that parents don’t necessarily need to be carriers 
since new mutations in dystrophin can occur in their reproductive germ cells.

Jeffrey S. Chamberlain, PhD, professor of neurology, medicine, and biochemistry, 
and CHDD research affiliate hopes that his research will improve the outlook of this 
disorder. Moreover, as Director of the local Wellstone Muscular Dystrophy Specialized 
Research Center, Chamberlain is wholly invested in furthering muscular dystrophy 
research through collaborative efforts. His current work has evolved from earlier studies 
trying to understand dystrophin, the protein that’s missing in DMD. Encoded by the 
DMD gene, dystrophin is a structural protein that connects the cytoskeleton to the 
extracellular matrix to dissipate the physical forces generated during exercise. This 
ability to transfer force normally helps protect muscle cells from damage. However, 
mutations in dystrophin cause expression to be reduced. As a result, when dystrophin  
is not expressed, muscle cells are easily damaged by mechanical force. 

Chamberlain explains, “The consequence of these mutations is that muscle 
cells are not able to make dystrophin. Without the dystrophin protein, the muscle 
cells become fragile. They can work fairly normally, but the fragility makes them very 
susceptible to damage during exercise.” When damage occurs, muscle cells break down. He continues, “They break down but 
then regenerate through the action of muscle stem cells. This process of muscle breakdown and repair is continuous and the 
body can’t keep up. Eventually, the regeneration process breaks down. The children [with DMD] end up losing muscle mass and 
it becomes replaced with fat cells or connective tissue.” This is the case with not just limb skeletal muscles, but also muscles in 
the heart, respiratory system, and elsewhere in the body. For this reason, repeated damage and breakdown is highly detrimental 
to the health of individuals with this disorder. Evidence of muscle breakdown is typically observed early on in life.

The Challenges of Delivering Dystrophin to Muscles
The Chamberlain lab has developed delivery vehicles to introduce replacement dystrophin to the muscles of the body. This 

method uses an engineered virus called AAV to selectively express dystrophin in muscle tissue. However, this is easier said than 
done, Chamberlain explains, “It’s been a question of: How do we minimize the size of the gene and the protein, while maximizing 
its ability to prevent muscular dystrophy.”

There are two major challenges Chamberlain has faced while developing this system: size and selectivity. To clear these 
hurdles, his lab needed to find a way to deliver dystrophin to all the muscles in the human body. “These two areas of research 
have gone back and forth; trying to better understand how to make, purify, and manipulate these AAV vectors, and then how to fit 
the dystrophin gene into them.”

Discussing the challenge of designing a viral vector system that can selectively deliver dystrophin, Chamberlain says,  



“It comes back to: How can you deliver a new gene to every muscle of the body? The challenge there is that muscle is about 40% 
of the human body, so it’s a huge target to try to deliver a new gene, especially the largest gene in nature.” 

In past work, the Chamberlain lab found that features of the AAV viral vector can help solve this challenge. Chamberlain 
explains, “AAV, when injected into the bloodstream, is able to leak out of the blood vessels and get into all of the muscles of the 
body. It turned out to be a fantastic gene delivery vehicle.” Additionally, as part of an ongoing collaboration with Steven Hauschka, 
PhD, professor of biochemistry, the Chamberlain lab was able to include a genetic “on/off switch” in the viral vector itself. This 
keeps dystrophin expressing in muscle but not other locations like the liver or immune cells. 

As the largest known gene in the human genome, encoding a dystrophin that will fit into their viral vectors posed a major 
challenge for the Chamberlain lab. To address this, they sought to miniaturize the dystrophin gene by balancing the removal of 
deletable regions of the protein and the maintenance of essential functions. A combination of careful experimentation and study 
of patient genetics informed the design of these “micro-dystrophins.” Through years of engineering, designing, and refining, 
the Chamberlain lab successfully designed a micro-dystrophin that is about one-third of the size of the full-length protein 
and maintains its essential functions. These micro-dystrophins can then be packaged into AAV vectors and injected into the 
bloodstream, overcoming size restrictions.

A Promising Replacement for Dystrophin in DMD
The Chamberlain lab’s micro-dystrophin viral expression system is currently being tested in clinical trials sponsored by 

three different biotechnology companies. Two are using vectors made in the Chamberlain lab, while the third is using a variant. 
However, it took years of development to get this “AAV micro-dystrophin” treatment to this stage. The results of the trials are  
still being monitored, but early signs are encouraging. 

Preliminary development was done mostly in mice using a naturally-occurring mouse model for Duchenne muscular 
dystrophy. These mice, known as mdx mice, initially helped the Chamberlain lab test the effectiveness of various miniaturized 
dystrophin genes. Later, they were also able to use this mouse model to develop their viral vector delivery system. The 
Chamberlain lab also used this model system to determine the effectiveness, longevity, and long-term outcome of AAV micro-
dystrophin treatment. Years of research determined that this is an effective way to treat many of the debilitating effects of 
Duchenne muscular dystrophy related to muscle breakdown. 

Chamberlain expands on their results of AAV micro-
dystrophin in animal models, “It’s very effective. It’s not 
a complete cure… but it’s able to stop the disease from 
getting worse. It restores most of normal [muscle] strength, 
but not fully.” They found that treatment early in life appears 
beneficial, although a significant effect is observed even in 
older animals. In mice, this treatment provides a therapy 
that can last for a lifetime if injected at a very young age. 
In larger animals it has been shown to last more than three 
years, and it will likely last significantly longer.

Moving Forward
Clinical trials are currently underway for the 

Chamberlain lab’s AAV micro-dystrophin system. 
Meanwhile, however, the Chamberlain lab is not  
standing by idly waiting for the results. In the lab, they 
are continuously searching for new and improved ways to 
package and deliver functional, miniaturized dystrophin to 
the muscles. They are also adapting their approach to treat 
other muscular dystrophies, such as limb-girdle muscular 
dystrophy.

Top panels: Tissue from mdx mice 27 months after infusion 
with AAV micro-dystrophin. Bottom panels: Tissue from control, 
uninfused mdx mice. Left: Dystrophin immunostaining. Right: 
Histological Trichrome staining. The tissue of the untreated 
mdx mice displays a severe dystrophic pathology, while treated 
mice have robust dystrophin expression and normal muscle 
morphology. This micro-dystrophin vector is currently being 
tested in clinical trials for DMD.

CHDD is an interdisciplinary center dedicated to the prevention and amelioration of developmental disabilities through research, training, 
clinical service, and community outreach. CHDD includes the University Center of Excellence in Developmental Disabilities and the Eunice 
Kennedy Shriver Intellectual and Developmental Disabilities Research Center. 
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