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Improved gene delivery vector 
reaches inner and outer hair cells for 
the first time, restoring hearing and 
balance function (page 14)
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Improved gene delivery vector  
reaches inner and outer hair cells  
for the first time, restoring hearing  
and balance function

Pseudocolor image showing 
normal hair bundle morphology 
in mutant mice treated with 
Ush1c gene therapy.

Anc80L65 viral vectors targeted inner and outer hair cells after round window membrane  
injection in newborn mice. Top panel shows three rows of outer hair cells, with one row of inner hair 
cells (red) overlaying the bottom panel. Bottom panel shows green fluorescent protein expression 
(green), driven by the viral vector, is detected in a large number of outer and inner hair cells.
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Often caused by the absence or dysfunction of 
hair cells, genetic hearing loss affects more 
than 125 million people worldwide. While 

research has shown that various genetic diseases can be 
cured in animals and humans using gene therapy, efforts 
to develop gene therapies for hearing loss haven’t been 

as successful. 
Many gene therapy approaches 

in the inner ear suffer from an 
inability to enter the cells of the 
cochlea, particularly a subset of 
cells known as outer hair cells, 
which amplify and tune the 
response to sound. Some methods 
have seen success in targeting 
inner hair cells, which detect  
sound waves and send informa-
tion to the brain; however, these 

methods can only recover partial hearing. In many cases 
of genetic deafness, delivery of genes to both cell types is 
needed to confer normal hearing ability.

Synthesized in the Grousbeck Gene Therapy Center 
at Massachusetts Eye and Ear, a synthetic virus, which is 
known as Anc80, has become one of the first viral vectors 
to reach both cell types successfully when injected through 
the round window. Presenting no adverse effects, this 
vector has safely transferred genes to both inner and  
outer hair cells when introduced into the cochlea.

“Up until now, it has been challenging to treat hear-
ing loss with gene therapy,” said Lukas Landegger, MD, 
a research fellow in the Molecular Neuro-Otology and 
Biotechnology Laboratory at Mass. Eye and Ear/Harvard 
Medical School. “But now, by identifying a viral vector 
that can reach and transduce inner and outer hair cells, 
we have an encouraging means for reversing hearing  
loss completely.” continued on page 16

“We have shown that 
Anc80 works remarkably 
well in transducing  
cells of interest in the 
inner ear. This is very 
exciting because it  
opens up possibilities  
to address many forms  
of genetic deafness by 
using a viral vector that 
appears to be better  
than what’s currently 
available.”
             — Dr. Stankovic

Drs. Konstantina Stankovic (left) 
and Lukas Landegger (right)
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Uptake in various cells inside  
the ear

Viral vectors are attractive potential vehicles for 
therapeutic gene transfer as viruses naturally infect by 
introducing their genetic information into cells in order 
to replicate and proliferate. However, when patients have 
been previously exposed to the virus, their immune 
system will likely target the gene therapy vector and 
inactivate it.

Hoping to overcome the challenges with immunity, 
Luk H. Vandenberghe, PhD, Director of the Grousbeck 
Gene Therapy Center and Assistant Professor of 
Ophthalmology at Harvard Medical School, recon-
structed an ancient virus that is the predicted ancestor 
of currently available adeno-associated viruses (AAVs)  
to develop the synthetic AAV Anc80. This vector is unique 
as it is a made-by-design vector system as opposed to 
most AAVs, which are natural isolates. By engineering 
a new, benign virus, Dr. Vandenberghe aimed to render 
the vector less recognizable to the host immune system 
in patient populations that stand to benefit from gene 
therapy.

After successfully targeting the liver, muscle, and retina 
without producing toxic side effects, Dr. Vandenberghe 
had an idea of using Anc80 in the ear. To evaluate  
its effectiveness in transferring genes to the cochlea, 
Dr. Vandenberghe began working with Konstantina 
M. Stankovic, MD, PhD, FACS, an otologic surgeon at  

Mass. Eye and Ear and Associate Professor of Otolaryn-
gology at Harvard Medical School, and her research 
fellow, Dr. Landegger.

In a study published in Nature Biotechnology, the 
researchers evaluated cochlear gene transfer using 
commonly used AAVs alongside Anc80 in vitro. 
This demonstrated efficient inner and outer hair cell 
transduction (60 to 100 percent). Then, a research team 
at Boston Children’s Hospital (BCH), led by Jeffrey R. 
Holt, PhD, Director of Research at BCH and Professor 
of Otolaryngology and of Neurology at Harvard Medical 
School, delivered Anc80 directly through the round 
window membrane. They found it to be highly effective 
in driving expression of green fluorescent protein (GFP) 
throughout the cells of the inner ear, reaching 90 percent 
of all inner and outer hair cells in the cochlea. 

“Anc80 was developed to address an important 
immunological concern in gene therapy,” said  
Dr. Vandenberghe. “However, in subsequent studies, 
we found that this first-of-its-kind designer viral vector 
also targets cells in a unique manner that allows it access 
to cochlear hair cells with an efficiency that was not 
observed to date.”

The vector was also able to target outer hair cells at 
high rates, an important component for restoring auditory 
function. Collaborating scientists at the University College 
London further tested the vector on human vestibular 
tissue in a dish and obtained the same results.

“We have shown that Anc80 works remarkably well 
in transducing cells of interest in the inner ear,” said  
Dr. Stankovic. “This is very exciting because it opens up 
possibilities to address many forms of genetic deafness  
by using a viral vector that appears to be better than  
what’s currently available. With more than 100 genes 
already known to cause deafness in humans, there are 
many patients who may eventually benefit from this 
technology.”

A potential for restoring hearing 
and balance

A research team led by Gwenaëlle Géléoc, PhD, 
Assistant Professor of Otolaryngology at Harvard 
Medical School and researcher in the Department of 
Otolaryngology and at the F.M. Kirby Neurobiology 
Center at Boston Children’s Hospital, took this work a 
significant step further. Dr. Géléoc and her team used the 
vector to treat mice carrying a mutated gene responsible 

Dr. Luk 
Vandenberghe in 

the Grousbeck Gene 
Therapy Center.

| New Hope for Hearing Restoration  | continued 
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for Usher syndrome type 1C, a devastating genetic 
disorder that causes deafness, balance dysfunction, and 
blindness in children.

Dr. Vandenberghe had been working with Dr. Géléoc 
on this program, aiming for a gene therapy treatment for 
both the hearing and visual dysfunction of this type of 
Usher syndrome.

Also reported in Nature Biotechnology, the scientists 
inserted genes with the right coding sequence of the 
mutated DNA into the cochlea of newborn mice. This led 
to high levels of Ush1c protein in inner and outer hair 
cells (80 to 90 percent of sensory hair cells), a repair of 
damaged hair cell bundles, and a robust improvement in 
hearing and balance behavior.

The scientists first showed this using a “startle box,” 
which detects whether a mouse jumps in response to 
sudden loud sounds. When they measured responses in 
the auditory regions of the brain, a more sensitive test, the 
mice responded to much quieter sounds—19 of 25 mice 
heard sounds quieter than 80 decibels, and a few could 
hear sounds as soft as 25 to 30 decibels, like normal mice.

“The Ush1C gene is expressed in both inner and 
outer hair cells, and to obtain restoration of hearing  
and balance function in patients, gene delivery systems 
that target both auditory and vestibular sensory 
cells will be needed,” said Dr. Géléoc. “What we’ve 
accomplished is a proof of principle—that this approach 
can restore function to the level of normal hearing  

in mice. It’s the first time that 
we’ve got this level of rescue.” 

“This is a landmark study,” 
said Dr. Holt, who was involved 
in both studies. “If we can 
continue to improve on our 
work and target different forms 
of genetic deafness, we could 
have biological treatments for 
hearing loss, which is some-
thing there’s never been before.”

From left to right:  
Drs. Jeffrey Holt, 
Bifeng Pan, Yukako 
Asai, Sarah Gluck, 
and Gwenaëlle Géléoc

continued on page 18

In an open arena, mice with Ush1c mutations display circling behavior, indicating 
balance dysfunction. Mutant mice treated with the vector that encodes the correct 
protein demonstrate normal balance function, similar to healthy control mice.

Pan B, Askew C, Galvin A, Heman-Ackah S, Asai Y, Indzhykulian AA, Jodelka FM, Hastings ML, Lentz JJ, Vandenberghe 
LH, Holt JR, Géléoc GS. Gene therapy restores auditory and vestibular function in a mouse model of Usher syndrome 
type 1c. Nat Biotechnol. 2017 Mar;35(3):264–272.
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“What we’ve accomplished is a proof of principle— 
that this approach can restore function to the  
level of normal hearing in mice. It’s the first time 
that we’ve got this level of rescue.”
                                                            — Dr. Géléoc

A promising future
While the Anc80 vector is a promising 

technology for treating hearing loss and balance 
dysfunction, both research teams will need to 
perform further studies before it can be brought 
to patients. 

One caveat to these studies is the mice were 
treated right after birth. Although the effects of 
the treatment persisted for at least six months in 
the injected newborns, with only a slight decline 
between six weeks and three months, hearing and 
balance were not restored when the gene therapy 
was delayed 10 to 12 days. 

Looking ahead, the researchers plan to inves-
tigate reasons for this and also test the technology 
in larger animal models. Also, knowing that 
Usher syndrome is only one of many genetic 
disorders causing deafness, the researchers plan 
to further investigate opportunities for thera- 
peutic intervention in other forms of genetic 
hearing loss and eventually, develop novel gene 
therapies to treat these disorders. 

“Hearing loss, in general, is a huge problem,” said  
Dr. Landegger. “Ideally, we want to help patients by 
restoring their natural ability to hear, and this work 
hopefully brings us one step closer to that.” l

Harmonin protein encoded by the Ush1c gene is detected in healthy control mice, absent in Ush1c 
mutant mice, and is recovered after treatment with the viral vector in mutant mice.
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