
The Third Annual Bertarelli Symposium is held this year at Harvard Medical School.  It 
has   three main functions.  First, the Symposium is an opportunity for the Investigators 
of the Grants Program to educate and inform other collaborative teams in this program, 
in order to share technical advances and scientific progress.  Second, the Symposium 
serves to highlight and publicize the groundbreaking work supported by the Bertarelli 
Foundation—showcasing it to the Boston biomedical research community and to the 
world.  Third, the Symposium is an opportunity for others in the Harvard Medical com-
munity to recognize the remarkable advances in neuroengineering, both by Bertarelli 
Investigators and others at the cutting edge of this field, as a way to stimulate further 
efforts and to bring engineering technologies more rapidly to the treatment of psychiatric 
and neurological disease.
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TIME EVENT LOCATION

9:45–10:00 AM Coffee and Pastries Modell Atrium
10:00–10:10 AM Jeffrey S. Flier, Dean of the Faculty of Medicine

Harvard Medical School
Welcome

Armenise 
Amphitheater,
Armenise Building, 
210 Longwood 
Avenue, 1st Floor

10:10–10:20 AM Patrick Aebischer, President
Ecole Polytechnique Fédérale de Lausanne
Welcome

Diagnostic Technologies for Neurological Disorders
Moderated by Dr. Jeffrey R. Holt

10:20–10:45 AM Demetri Psaltis, Ecole Polytechnique Fédérale de Lausanne
Imaging of the Cochlea

10:45–11:10 AM Konstantina Stankovic, Massachusetts Eye and Ear Infirmary
Optical Imaging of the Inner Ear: Treating Deafness with Better Vision

11:10–11:35 AM Patrick Purdon, Massachusetts General Hospital
Monitoring States of Anesthesia-Induced States of Unconsciousness using EEG

11:35–12:00 PM Sydney S. Cash, Massachusetts General Hospital
Microscale Measurements of Neural Activity for Diagnosis and Treatment
of Neurological Disorders

12:00–12:25 PM Gary Yellen, Harvard Medical School
New Indicators for Probing a Cell’s Metabolic State

12:25–1:30 PM Lunch Modell Atrium

NEUROENGINEERING: MOLECULES, MINDS & MACHINES

Third Annual Bertarelli Symposium Friday, January 17, 2014

Keynote Speaker (Introduction by Dr. David P. Corey)

Armenise 
Amphitheater,
Armenise Building,
210 Longwood 
Avenue, 1stFloor

1:30–2:30 PM Bernardo L. Sabatini, Takeda Professor of Neurobiology
Harvard Medical School

Neuroengineering Approaches to Manipulate and Monitor Brain Function
Wiring the Brain 

Moderated by Dr. Clifford Woolf
2:30–2:40 PM Isabelle Dalle Fusine, Ecole Polytechnique Fédérale de Lausanne (student)

Dying to Know: Apoptotic Mechanisms in Synapse Formation
2:40–2:50 PM Stella J. Lee, Harvard Medical School (student)

A Critical Period for Neuromuscular Junction Re-Establishment and Functional 
Motor Recovery After Peripheral Nerve Injury in the Mouse

2:50–3:15 PM Break Modell Atrium
Understanding and Treating Genetic Disorders

Moderated by Dr. David P. Corey

Armenise 
Amphitheater, 
Armenise Building,
210 Longwood 
Avenue, 1st Floor

3:15–3:40 PM Jeffrey R. Holt, Boston Children’s Hospital
Tmc Gene Therapy in Mouse Models of Human Deafness

3:40–4:05 PM Wesley Wong, Harvard Medical School, Immune Disease Institute
Single-Molecule Mechanics and the Molecular Basis of Deafness

4:05–4:30 PM Bernard Schneider, Ecole Polytechnique Fédérale de Lausanne
Gene Therapy for Motor Neuron Disorders: Targeting the SOD1 Pathology

4:30–4:55 PM Casey Maguire, Massachusetts General Hospital
A Hybrid Extracellular Vesicle/Virus Vector System for Gene Therapy

4:55–5:45 PM Reception Modell Atrium
6:00–8:30 PM Dinner for Speakers Harvard Club

of Boston, 
374 Commonwealth 
Ave., Boston, MA
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TIME EVENT LOCATION

8:45–9:00 AM Coffee and Pastries Modell Atrium

9:00–9:05 AM Jeffrey A. Hubbell, Director, Institute of Bioengineering 
Ecole Polytechnique Fédérale de Lausanne
Welcome

Armenise 
Amphitheater, 
Armenise Building,
210 Longwood 
Avenue, 1st Floor

Cell and Gene Therapy: Regeneration
Moderated by Dr. Jeffrey A. Hubbell

9:05–9:30 AM Lisa Goodrich, Harvard Medical School
Engineering Stem Cells and Neurons for the Inner Ear

9:30–9:55 AM Samy Gobaa, Ecole Polytechnique Fédérale de Lausanne
Designing Artificial Niches for Inner Ear Hair Cells

9:55–10:20 AM Zheng-Yi Chen, Massachusetts Eye and Ear Infirmary
Bioengineering Approach to Hair Cell Regeneration and Neuron Protection

10:20–10:45 AM Jeffrey A. Hubbell, Ecole Polytechnique Fédérale de Lausanne
Engineering Delivery through Protein and Materials Design

10:45-11:00 AM Break Modell Atrium

Brain-Machine Interfaces for Sensory and Motor Systems
Moderated by Dr. Demetri Psaltis

Armenise 
Amphitheater,
Armenise Building,
210 Longwood 
Avenue, 1st Floor

11:00-11:25 AM Stéphanie Lacour, Ecole Polytechnique Fédérale de Lausanne
Polymer Coatings for Stimulating Neuroprosthetics

11:25-11:50 AM Daniel J. Lee, Massachusetts Eye and Ear Infirmary
New Generation Auditory Brainstem Implant with Flexible Opto-electronic Arrays 
for Neurostimulation

11:50-12:15 PM Clifford Woolf, Boston Children’s Hospital
Modulating, Mimicking and Measuring Peripheral Regeneration

12:15-12:40 PM Grégoire Courtine, Ecole Polytechnique Fédérale de Lausanne
Neuroprosthetic Technologies to Improve Motor Performance after
Neurological Disorders

12:40-12:45 PM David P. Corey, HMS Director, Bertarelli Program
Closing Remarks

12:45-12:50 PM Ernesto Bertarelli, Fondation Bertarelli
Closing Remarks

12:50–1:45 PM Reception Modell Atrium

1:00–1:45 PM Lunch for Speakers Benjamin 
Waterhouse Room

Third Annual Bertarelli Symposium Saturday, January 18, 2014
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Establishing a Two-Step Protocol for Hair Cell and 
Auditory Neuron Regeneration  

Lisa Goodrich, Associate Professor, 
HMS
Matthias Lutolf, Assistant Professor, 
EPFL*

*Samy Gobaa, Senior Investigator, will present 
the work of the Lutolf Lab.

Project Summary
The general problem of hair-cell regeneration requires much better understanding of how to reprogram 
cells to become hair cells.  Similarly, some hearing loss involves the death of neurons that make the 
auditory nerve, and these neurons must be preserved or regenerated for cochlear implants to work.  A 
fundamental problem with research in this area is 
the very small number cells in the inner ear that can 
be isolated for study.  There are perhaps 20,000 hair 
cells in an inner ear, compared to 100,000,000 in the 
retina of the eye.  However it has recently become 
possible to isolate cells from a developing inner 
ear and genetically reprogram them so that they 
proliferate into the millions in a dish.  If placed back 
into an embryonic inner ear, they can turn into hair 
cells and auditory nerve cells.  The challenge now is 
to learn how to turn them into hair cells and nerve 
cells in a dish.

This project combines an expert in inner ear de-
velopment (Goodrich), with a creative bioengineer 
(Lutolf).  Aim 1 is to understand what molecular 
changes occur in inner ear cells when they become 
proliferative, which will give clues for how to trigger regeneration.  Aim 2 is to use a novel high-through-
put, micro-engineered screening platform that can test thousands of compounds simultaneously, in order 
to find compounds that might induce cell proliferation in vivo.  Aim 3 is to use the same platform to find 
factors that then convert proliferating cells into hair cells or neurons.  Finally, these factors will be tested 
in mice that are deaf from genetic causes or environmental factors, to see if they restore hearing.  

Aims
Aim 1: Focus on molecular analysis of the progenitors and to begin to perform high throughput screens 
for small molecules that induce differentiation of progenitors into hair cells and neurons, taking advan-
tage of the availability of prepackaged kits of small molecules

Aim 2: Analyze genomic data to identify genes likely to regulate the self-renewal properties of cochlear 
progenitors, followed by assaying gene function using shRNA knock-down and overexpression assays in 
cultured progenitors



Aim 3: Screen for combinations of extrinsic factors that induce differentiation of MISCs into hair cells or 
neurons, complementing and extending the small molecule screens from aim 1

Aim 4: Screen primary cells in order to identify extrinsic factors and small molecules that control expres-
sion of the most powerful self-renewal transcription factors and induce proliferation. Develop the use of 
small molecules to induce self-renewal and differentiation, first in cultured cells and then ultimately in 
hearing impaired mouse strains

Progress

Publications
Wei-Ming Yu, Jessica M Appler, Ye-Hyun Kim, Allison M Nishitani, Jeffrey R Holt, and Lisa V Goodrich.  A 
Gata3–Mafb transcriptional network directs post-synaptic differentiation in synapses specialized for 
hearing. eLife. 2013; 2: e01341.



Gene Therapy in Mouse Models of Human Deafness

Jeffrey R. Holt, Associate Professor, 
HMS/BCH

Patrick Aebischer, Professor, EPFL*

* Bernard Schneider, Senior Investigator, will 
present the work of the Aebischer Lab.

Project Summary
For ten years or more, hopes have been pinned on gene therapy to correct inherited disorders, including 
those of the nervous system.  In general, engineered viruses are used to carry corrective genes into those 
cells specifically affected by a mutant gene.  Some early failures diminished the promise of gene therapy, 
but new trials in humans—especially for disorders 
of the retina—have been remarkably successful.  
There are over 300 distinct inherited forms of deaf-
ness, which cause congenital deafness in about 1 in 
1000 newborns, and these might be treated by gene 
therapy.  A problem for gene therapy in the inner 
ear is that there are few viruses known to enter hair 
cells—the mechanosensory cells of the inner ear.  

In this proposal, a pioneer in use of viruses for hair-
cell experimental physiology (Holt), and a pioneer 
of gene therapy for humans (Aebischer) collaborate 
to explore new viruses to carry genes into hair cells.  
Certain adeno-associated viruses and lentivirus 
have shown promise, and Aim 1 will optimize the 
virus type and control sequences.  Aim 2 will use the 
optimized viruses to correct an inherited deafness of 
mice, by applying them to inner ear organs in a dish.  Aim 3 will then attempt to correct the mouse inher-
ited deafness in a live mouse, with delivery of the gene-therapy viruses to the inner ear while the affected 
fetuses are still in the uterus.  If these work, there will be a clear path to use of similar tools in humans.
 
Aims
Aim 1: Design and generate gene therapy vectors to drive expression of Tmc1 or Tmc2 in sensory hair 
cells

Aim 2: Use Tmc1 or Tmc2 vectors in vitro to rescue mechanotransduction in hair cells of the mouse co-
chlea excised from dn and Bth mice

Aim 3: Use Tmc1 or Tmc2 vectors in vivo to rescue auditory and vestibular function in Tmc1 / Tmc2 
double knockout mice



Aim 4: Use dn and Bth mice as model of human deafness and restore hearing function with Tmc1 or 
Tmc2 gene therapy vectors

Progress

Publications
Holt JR, Pan B, Koussa MA, Asai Y. (2014) TMC function in hair cell transduction. Hearing Research (in 
press)

Gwenaëlle S.G. Géléoc and Jeffrey R. Holt (2014) Sound Strategies for Hearing Restoration.  Science 
(submitted)



Biomolecular Therapeutic Delivery into the Inner 
Ear for Hair Cell Regeneration and Re-innervation

Zheng-Yi Chen, Associate Professor, 
HMS/ MEEI

Jeff Hubbell, Professor, EPFL

Project Summary
A large fraction of the deafness that occurs with aging or certain antibiotics is caused by the death of hair 
cells, the mechanosensitive cells of the inner ear.  Hair cells do not normally divide, so their death is not 
followed by compensatory division of nearby cells to regenerate the sensory tissue.  Thus a major focus in 
current inner ear research has been to learn how to 
regenerate hair cells.  The consensus of most investi-
gators is that stem-cell therapies will be very dif-
ficult for the cochlea, but that molecular reprogram-
ming of cells—either to cause the hair cells to divide 
or to cause nearby cells to turn into hair cells—is 
feasible.  The problem is how to get these putative 
reprogramming factors to the cells.  

In this project, a pioneer in hair-cell regeneration 
(Chen) works with a bioengineer specializing in ma-
trices for factor delivery (Hubbell) to develop new 
ways of delivering regenerative factors to the inner 
ear.  In Aim 1, the team will use engineered fibro-
nectin molecules to bind specific growth factors and 
will inject the complexes into the inner ear in soluble 
form.  Activation of regenerative pathways will be 
tested.  Because soluble factors can rapidly dissipate following injection, Aim 2 will test a novel solidifying 
hydrogel system, which can hold growth factors in the best location for periods of 3-4 weeks, to prolong 
their action.  Finally, Aim 3 will explore a new “polymersome” technology for delivering genetic material 
to hair cells.  The team will find antibody fragments that specifically bind to hair cells, and use them to 
coat small vesicles carrying genetic material, which are then taken up by hair cells.  Together these meth-
ods will hugely increase the efficiency of delivering regenerative factors to specific cells in the inner ear.

Aims
Aim 1: Production of materials including growth factors (Fgf, Hbegf and Nt3) fused with fibronectin frag-
ment III12-14, the hydrogels bound with FNIII12-14/growth factors and the nanoparticles for the study

Aim 2: Study the function of the materials in activation of growth factor signaling, hair cell regeneration, 
neuron protection and specific inner ear cell subtype delivery



Progress



Zhigang He, Professor, HMS/BCH

Clifford Woolf, Professor, HMS/BCH

Project Summary
Spinal cord injuries are among the most serious of traumatic injuries, with incidences of 40 and 15 per 
million in the United States and Western Europe, respectively; of these, approximately half are complete 
spinal cord injuries and result in untreatable paralysis. 

In this proposal, combined electrical, physical, pharmacological, 
and gene therapy will be developed in a rodent model of complete 
spinal cord injury. One of the partners (Courtine) has observed 
remarkable recovery of function after spinal cord injury in rats 
when robotic-based physical training is combined with epidural 
electrical stimulation and monoamine antagonization, yet these 
results are dependent upon some small number of residual nerve 
fibers crossing the lesion site. Other partners (He and Woolf) have 
demonstrated that adeno-associated virus-mediated silencing of 
two genes, PTEN and SOCS3, strongly promotes neuron outgrowth 
in sinal cord injury. These approaches will be combined in this 
project to develop treatments for complete spinal cord injury. The 
final partner (Lacour) will develop advanced electrodes for multi-
focal electrical stimulation, using materials and designs that can 
be readily translated to human application. 

Aims
Aim 1: Aim 1. Neural engineering repair toolbox

Aim 2: Implementation for rehabilitation and recovery after paralyzing spinal cord injury

Stéphanie P. Lacour, Assistant 
Professor, EPFL

Grégoire Courtine, Associate 
Professor, EPFL

 Functional Neural Repair of Sensory and Motor Systems 
Using Complementary Training, Pharmacological, 

Genetic and Neurostimulation Strategies



Aim 3: Neural engineering repair toolbox

Aim 4: Implementation for rehabilitation and recovery after paralyzing spinal cord injury

Aim 5: Neural engineering repair toolbox

Aim 6: Implementation for rehabilitation and recovery after paralyzing spinal cord injury

Progress



New Generation Auditory Brainstem Implant with 
Flexible Opto-Electronic Arrays for Neurostimulation

Daniel J. Lee, Associate Professor, 
HMS/MEEI

Christian Brown, Associate Professor, 
HMS/MEEI

Project Summary
The cochlear implant, a device that bypasses a damaged inner ear and conveys electrical signals directly 
to the auditory nerve, has been the most successful neural prosthesis of that past few decades, with over 
200,000 in use worldwide.  In the best cases, 
speech intelligibility with this “bionic ear” 
rivals that with natural hearing.  However 
a substantial fraction of patients are not 
candidates for a cochlear implant, either 
because an inner-ear malformation pre-
vents insertion of the device or because the 
nerve itself has been damaged.  Thus there 
has been great interest in inserting a similar 
prosthesis further up the nervous system, 
specifically in the cochlear nucleus of the 
brainstem.  Most such attempts have failed, 
either because the electrodes inserted are 
not sufficiently flexible to conform to the neural tissue, or because the current spreads too far and the 
electrodes stimulate too broad a population of brainstem neurons.

This proposal, from a team of five investigators with complementary expertise in the auditory brainstem 
(Lee, Brown) and in electrode and optical design (Lacour, Renaud and Grandjean), seeks to surmount 
previous difficulties.  In Aim 1, Lee and Brown will investigate optical stimulation of the brainstem, using 
either intrinsic sensitivity to infrared light or modifying brainstem neurons to respond to blue light.  In 
Aim 2, Lacour, Renaud and Grandjean will develop flexible stimulating arrays that combine electrical and 
optical stimulation.  Finally, these will be tested in animal models to determine whether they can mimic 
the normal neural signals produced by sound.  Although development and optimization could take many 
years, there is a clear path to clinical trials.

Stéphanie P. Lacour, Assistant 
Professor, EPFL

Philippe Renaud, Professor, EPFL

Nicolas Grandjean, Professor, EPFL



Aims
Aim 1: Use optical stimulation to characterize responses from the mammalian auditory brainstem

Aim 2: Fabricate and test a flexible array for opto-electronic stimulation of the cochlear nucleus

Progress

Publications
Paper:
Verma, R.U., Hancock, K.E., Guex, A., Durakovic, N., Nicholson, H., McKay, C.M., Brown, M.C., Lee, D.J., 2013. 
Auditory responses to electric and infrared neural stimulation of the cochlear nucleus. Hear Res. Submit-
ted.

Darrow KD, Slama M, Kozin E, Owoc M, Hancock K,  Kempfle J, Edge A, Lacour S, Boyden E, Polley D, 
Brown C, Lee DJ. Optogenetic stimulation of the cochlear nucleus using channelrhodopsin-2 evokes spa-
tially distributed and temporally precise activity at higher levels of the central auditory pathway. J. Neuro-
sci. In preparation.

Abstracts:
Guex A., Joris P., Slama M., Brown M.C., Renaud Ph., Lee D.J., Lacour S.P., Microfabricated auditory brain-
stem implants on polyimide film.  6th International IEEE EMBS Conference on Neural Engineering, San 
Diego, Nov. 6-8, 2013.  Paper 600.

Darrow, K.N., Slama, M., Kempfle, J., Boyden, E., Polley, D., Brown, M.C., Lee, D.J., 2013a. Optogenetic control 
of central auditory neurons. Assoc. Res. Otolaryngol. Abstr. #695.

Darrow, K.N., Slama, M., Kempfle, J., Boyden, E., Polley, D., Brown, M.C., Lee, D.J., 2013b. A comparison of 
electrical and optical activation of midbrain and cortical pathways in mice expressing channelrhodopsin-2 
in the cochlear nucleus. Assoc. Res. Otolaryngol. Abstr. #265. 

lama, M., Verma, R., Guex, A., Hancock, K.E., Joris, P., Grandjean, N., Renaud, P., Lacour, S., Brown, M.C., Lee, 
D.J., Darrow, K.N., 2013. Electrical stimulation of the cochlear nucleus:  Effects of location and pulse rate 
on inferior colliculus responses. Assoc. Res. Otolaryngol. Abstr. #400.

Hight A.E., Darrow, K.N, Kozin E.D., Lehmann A., Brown, M.C., Lee, D.J. Optically-evoked auditory brainstem 
responses (oABR) mediated by optogenetic manipulation of the cochlear nucleus. Abstract accepted for 
Association for Research in Otolaryngology MidWinter Meeting, 2014. 

Kozin E, Darrow, K.N, Hight A.E., Lehmann A., Owoc M, Boyden E., Brown, M.C., Lee, D.J. Gene Transfer of 
Chronos to the Cochlear Nucleus: Implications for the Optogenetically-based Auditory Brainstem Implant. 
Abstract accepted for Association for Research in Otolaryngology MidWinter Meeting, 2014.



Optical Imaging of the Inner Ear for Cellular Diagnosis 
and Therapy: Cochlear Implants and Beyond

Konstantina Stankovic, Assistant 
Professor, HMS/MEEI 

Demetri Psaltis, Professor, EPFL

Project Summary
One of the great challenges in diagnosing hearing problems is that the physician cannot see the tissues 
and cells of the inner ear.  In contrast, simple optical methods allow inspection of the retina of the eye.  In 
recent years, microendoscopes have been used experimentally to try to image the cells of the inner ear, 
but these rely on adding fluorescent dyes to the cells, 
something not practical for human diagnosis.  At 
the same time, new nonlinear optical methods have 
been developed by physicists, which can create im-
ages without the need for dyes.  These include opti-
cal coherence tomography, second-harmonic genera-
tion, and excitation of autofluorescence—techniques 
not known to most biologists.  

In this project, a physicist specializing in nonlinear 
optics (Psaltis) collaborates with an otologic sur-
geon skilled in the anatomy of the human inner ear 
(Stankovic) to develop new imaging methods for the 
human inner ear.  In Aim 1, they will use mouse and 
human cochleas removed from the head to optimize 
these new detection methods, learning, for instance, 
how to look through bone with long-wavelength 
light.  In Aim 2, they will develop the endoscope technology—a tiny glass fiber that can be slipped into the 
inner ear.  In Aim 3, they will combine the techniques, to image inner ear cells in animal models.  This will 
set the stage for eventual clinical trials.

Aims
Aim 1: To image cells inside the cochlea ex vivo. Both mouse and human cochleas will be imaged using 
nonlinear optics. Completion of this goal will be essential to guide the rest of the research and to provide 
important basic knowledge that is currently lacking in otology

Aim 2: To develop a Nonlinear Imaging Cochlear Endoscope (ICE). This endoscope will be suitable for 
insertion into the round window and for cochlear imaging in vivo

Aim 3: To image cells inside the cochlea in mice in vivo, using ICE developed in Aim 2.  Completion of this 
aim will be the basis for a future clinical trial to image human cochlea in vivo



Progress

Publications
Yang X, Pu Y, Psaltis D, Stankovic KM. In situ imaging of the mouse cochlea using two photon microscopy.  
SPIE 2013 conference proceedings. Vol. 8792, pp. 87920T

Yang X, Pu Y, Psaltis D. Imaging blood cells through scattering biological tissue using speckle scanning 
microscopy. arXiv, November 2013. Also submitted to Optics Express.

Papadopoulos IN, Farahi S, Moser C, Psaltis D. High-resolution, lensless endoscope based on digital 
scanning through a multimode optical fiber. Biomedical Optics Express. 2013; 4:260-270, February 2013.

Moser C, Farahi S, Papadopoulos IN, Psaltis D. Shrinking optical endoscopes. SPIE Newsroom, October 
2013.

Papadopoulos IN, Simandoux O, Farahi S, Huignard JP, Bossy E, Psaltis D, Moser C. Optical-resolution 
photoacoustic microscopy by use of a multimode fiber. Applied Physics Letters, 2013; 102: 211106

Yang X, Pu Y, Hsieh CL, Ong CA, Psaltis D, Stankovic KM.  Two-photon microscopy of the mouse cochlea in 
situ for cellular diagnosis.  J Biomed Opt. 2013 Mar;18(3):031104.

Kalwani NM, Ong CA, Lysaght AC, Haward SJ, McKinley GH, Stankovic KM. Quantitative polarized light 
microscopy of unstained mammalian cochlear sections. J Biomed Opt. 2013 Feb;18(2):26021




