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Abstract of the proposal

Context. Chronic pain represents a critical glob-
al health concern with moderate to severe chronic
pain affecting almost 20% of the general population.
Currently available options for the treatment and
management of chronic pain are limited due to the
complexity of pain mechanisms and conditions but
also the severe side effects of pharmacological treat-
ments.

Our ideas. A key issue is hyperexcitabilty and iden-
tification of receptors and channels involved in pain
transmission and modulation, and doing so in real-
istic experimental setting i.e. in vivo in awake, freely
behaving conditions. Prof. Lacour’s team is devel-
oping novel neurotechnology tools that enable re-
alistic in vitro interrogation of peripheral nerves and
long-term in vivo interfaces. Prof. Décosterd’s lab
has developed a transgenic mouse line expressing
the excitatory channelrhodopsin (Chr2) in Nav1.8
nociceptive neurons and is exploiting it to decipher
activity-dependant central sensitization. Joining our
groups, we propose an interdisciplinary approach
combining optogenetics, gene therapy, neurotech-
nology and animal neuropathic pain models to ad-
vance our mechanistic understanding of neuropathic
pain and test a potential therapeutic approach to al-
leviate pain symptoms.

Experimental plan. We will exploit our recent devel-
opments in microfabricated electrode interfaces for
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pain modulation in mouse models.

Two neural interfaces will be produced: (1) a wireless
optoelectronic cuff implant optimised to deliver blue
and/or yellow light stimuli to the mouse sciatic nerve,
and (2) a nerve-on-chip platform allowing for electri-
cal and optical stimulation and high signal-to-noise
ratio extracellular recordings from explanted nerve
rootlets. The later will allow for a realistic ex vivo
characterization of neuronal silencing and efficient
screening of viral-vectors gene delivery. Our goal is
to efficiently express the inhibitory Archaerhodopsin
proton pump (Arch-3) in peripheral sensory neurons.
We will evaluate two viral-mediated gene delivery
vectors (recombinant adeno-associated virus vectors
rAAV2/6 and the newly designed rAAV2-retro, pro-
duced at the Gene Therapy platform under the guid-
ance of Dr. Bernard Schneider, that will be injected
in the sciatic nerve of mice. Four weeks later, we will
explant the nerves and conduct optically driven ex-
tracellular electrophysiology in a dedicated nerve-on-
chip platform to quantify transduction efficacy.

In vivo, spatial and temporal delivery of light stimuli
will be delivered through a soft, miniaturised opto-
electronic nerve interface and controlled wirelessly
through dedicated ultra-lightweight electronic hard-
ware. The implant will be prepared using thin film ma-
terials and designed to produce minimal foreign body
reaction over time. We will then compare silencing of
nociceptive neurons through light activation of the in-
hibitory opsin Arch3 in transgenic and non transgenic
mice. The last part of the project will be dedicated
to the exploration of clinically relevant approaches by
combining gene delivery and optoelectronic implant
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light application. Our aim is to discover if silencing
peripheral sensory neurons can reduce subsequent
activity-dependant central (spinal) changes and alle-
viate nerve-injury related pain hypersensitivity.

Our team will leverage access to Campus Biotech
state-of-the-art and shared facilities including the
Neural Microsystems and Preclinical Research Plat-
forms and the Bertarelli platform for Gene Therapy to
gain more insight into the mechanisms and possible
treatment options of neuropathic pain.

Future therapeutic developments. Our project will
address an important unmet technological need to
implement gene therapy and associated implantable
optoelectronic interfaces in the context of neuropath-
ic pain management.
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Persistent pain is a leading cause of disabilities
worldwide. Current treatments are mostly ineffective
and often bear serious side effects. We propose the
convergence of new neurotechnologies based on
gene therapy and electroceuticals to create a path
towards pain therapeutics.

Acute, physiological pain is an essential defence
mechanism that warns against damage to the body,
whereas chronic pain serves no known helpful func-
tion. Neuropathic pain occurs as a consequence of
lesion or dysfunction of the somatosensory system
and represents the most difficult type of pathologi-
cal pain to alleviate. The prevalence of neuropathic
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pain syndromes is evaluated at 6.9% of the popu-
lation where the two most frequent origins are rep-
resented by limb pain in the context of disc hernia
(the hernia compresses and alters spinal nerves) and
chronic postsurgical pain when peripheral nerves are
severed. Neuropathic pain manifests as spontaneous
pain, and the sensitivity to external stimuli is gen-
erally augmented in the territory of the non-injured
nerves (extraterritorial pain), with typical presence of
allodynia (i.e. intense pain induced by an innocuous
stimulus such as light contact with clothes) and hy-
peralgesia (exaggerated pain after noxious stimulus).
Current treatment is mostly unsuccessful in > 50% of
patients, and the persistence of pain is the drive for
an emotional state of suffering, mood disorders and
alteration of cognitive functions altogether leading to
large socio-economical consequences.

In the present project we are mainly interested in re-
ducing the abnormal activity generated in the pe-
ripheral nerve, in injured and adjacent non-injured
primary sensory neurons. This barrage of inputs from
the periphery results in activity-dependent central
sensitization, making the spinal cord more respon-
sive to subsequent sensory input. Irreversible activ-
ity-dependant neurodegenerative processes such as
cell death of central inhibitory interneurons occurs
leading to disinhibition after nerve injury. In addition,
modification in the reactive glia has been discovered
and largely contributes via neuroinflammation to the
state of central sensitization.

In the past, using peripheral nerve blockade, we in-
vestigated the role of ectopic activity from peripheral
nerve to the development and maintenance of neuro-
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pathic pain in experimental model of nerve injury. One
week long nerve blockade with local anaesthetic en-
trapped in biodegradable microspheres was used by
our group to demonstrate that during the period of the
block, (i) microglial activation in the dorsal horn of the
spinal cord is substantially reduced, (i) proliferation
of microglia is almost abolished, and (jii) cell death of
spinal inhibitory neurons is prevented. Nevertheless,
the barrage of peripheral activity re-emerges once
the block wears off and is sufficient to re-initiate the
above-mentioned central modifications. In spite of
these evidences, mainly for technical reasons, little is
known on a long term silencing of peripheral inputs,
and central activity dependant changes.

The combination of long-term optoelectronic
nerve implants and expression in the peripheral
nerve of inhibitory opsin would circumvent the diffi-
culty in experimental models of a long-term blockade
of nociceptive neurons. By switching on and off light
stimulation in living animal models, we would there-
fore be able to determine if, after a certain period of
time, abolition of peripheral input can prevent the de-
velopment of central changes and prevent the devel-
opment of pain hypersensitivity after nerve injury.
Furthermore, peripheral nerves are relatively easily
accessible when considering a therapeutic approach
combining peripheral nerve stimulation and viral-vec-
tor driven gene therapy. This is the global context and
the long-term goal of the present project.

At the end of this two-year project, we will have
demonstrated in mouse models the feasibility of si-
lencing peripheral nociceptive neurons activity via

inhibitory viral-vector opsin delivery in the peripheral
nerve and optical stimulation through a soft optoelec-
tronic implant system. We will have manufactured
the miniaturised peripheral nerve interface, defined
the best viral-vector for inhibitory opsin delivery, and
brought a proof of concept that inhibiting abnormal
peripheral activity can impair the development of
chronic peripheral neuropathic pain.
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Gene Therqpy
Sensory Disorde

Wednesday, April 11, 2018
8.30am — 6.30pm

Keynote Speakers
David R. Liu, PhD
Professor of Chemistry and Chemical Biology, Harvard University and Vice-Chair of the Faculty, Broad Institute
Botond Roska, MD, PhD
Co-Director, Institute of Molecular and Clinical Ophthalmology Basel
Katherine High, MD
President and Chief Scientific Officer, Spark Therapeutics

Harvard Medical School
Martin Conference Center
77 Avenue Louis Pasteur

Boston, MA

©2018 BertarelliNeuro | HarvardBertarelli@hms.harvard.edu
Harvard Medical School, Martin Conference Center, 77 Avenue Louis Pasteur, Boston, MA
You received this because you expressed an interest in BertarelliNeuro.
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Gene Therapy for Sensory Disorders

Annual Symposium of the Bertarelli Program in
Translational Neuroscience and Neuroengineering

Harvard Medical School, Martin Conference Center, 77 Avenue Louis Pasteur, Boston, MA
Wednesday April 11, 2018

Time Event

8:30 - 9:00am Coffee and Pastries

9:00 - 9:15am George Q. Daley, Dean, Harvard Medical School
David P. Corey, Bertarelli Professor of Translational Medical Science, Harvard Medical School
Opening Remarks

9:15 - 9:45am Omar Akil, University of California San Francisco
Restoration of Hearing in the Otoferlin KO Mouse Using Dual AAV Vectors

9:45 - 10:45am Keynote Lecture - David R. Liv, Professor of Chemistry and Chemical Biology, Harvard University
and Vice-Chair of the Faculty, Broad Institute
Treatment of Autosomal Dominant Hearing Loss by In Vivo Delivery of Genome Editing Agents

10:45 - 11:15am Break

11:15 - 11:45am David P. Corey, Bertarelli Professor of Translational Medical Science, Harvard Medical School
New AAV Vectors for Gene Addition Therapy

11:45 - 12:15pm Jeffrey R. Holt, Boston Children’s Hospital and Harvard Medical School
Novel Gene Therapy Approaches for Hereditary Hearing Loss

12:15 - 1:15pm Lunch

1:15 - 2:15pm Keynote Lecture - Botond Roska, Co-Director, Institute of Molecular and Clinical Ophthalmology, Basel
Restoring Vision

2:15 - 3:15pm Konstantina M. Stankovic, Massachusetts Eye and Ear and Harvard Medical School
Optical Imaging of the Inner Ear for Diagnosis and Therapy of Hearing Loss

Daniel J. Lee, Massachusetts Eye and Ear and Harvard Medical School
Stéphanie P. Lacour, Ecole polytechnique fédérale de Lausanne
Next Generation Auditory Brainstem Implants (ABIs): Translation to Clinical Implementation

Dara S. Manoach, Massachusetts General Hospital and Harvard Medical School
Dimitri Van De Ville, Ecole polytechnique fédérale de Lausanne
Imaging Brain Networks in Children with Autism

3:15 - 3:45pm Break

3:45 - 4:15pm David A. Williams, Boston Children’s Hospital and Harvard Medical School
Using Gene Modified Hematopoietic Stem Cells to Treat Cerebral Adrenoleukodystrophy

4:15 - 4:45pm Yvan Arsenijevic, Jules-Gonin Eye Hospital
Stem Cell and Gene Therapy for Retinal Degeneration

4:45 - 5:45pm Keynote Lecture - Katherine A. High, President and Chief Scientific Officer,Spark Therapeutics, Philadelphia PA
Overview of the Development Program for Voretigene Neparvovec: Challenges and Solutions

5:45 - 6:15pm Closing Remarks

6:15 - 7:45pm Reception
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