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SO, YOU’'RE INTERESTED
IN CAREERS IN
NEUROTECHNOLOGY?

CAREERS IN NEUROSCIENCE: SO, YOU'RE INTERESTED IN NEUROTECHNOLOGY?

A virtual panel discussion with Q&A featuring M.D. and Ph.D. experts with an avid interest in neurotechnology.

Lynda Flom, MD: Clinical Associate Professor of Radiology at UPMC Children’s Hospital

Email: flomll@upmc.edu

Dr. Lynda Flom is a Clinical Associate Professor of Radiology at UPMC Children’s Hospital, specializing in
Pediatric Neuroradiology. She completed her medical education at Temple University and her residency at the
University of Pittsburgh Medical Center. Dr. Flom further honed her expertise through clinical and
post-doctoral fellowships in Pediatric Radiology at Children's Hospital of Pittsburgh and in Ultrasound at The
Western Pennsylvania Hospital. With a dedication to pediatric neuroimaging, Dr. Flom brings a wealth of

experience and knowledge to the panel.

Professional Work:

® | am a pediatric neuroradiologist at the University of Pittsburgh Children’s Hospital.

® | am usually accompanied by a resident and a fellow, who review various studies. | mentor them as we
review each case.

e Qur day involves speaking with the techs all the time to revise various protocols. We also talk to
different clinicians, especially emergency physicians. Most importantly, we lead various weekly clinical
conferences:

o Child abuse conference - We assist with child abuse cases.
o Tumor board - We work with oncologists and neurosurgeons to reveal the location and type of
tumors discovered in imaging, assisting with their plans for surgical procedures.
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o Epilepsy conference - Multiple seizures are often caused by pediatric abnormalities of the
cortex. Imaging depicts malformations, helping determine the type of surgery.

o Neonatal conference - Premature babies have poor autoregulation of blood flow to the brain, so
they are at high risk for developing diseases involving low oxygenation and blood flow.

o Interesting case conference - We discuss the most interesting pediatric case and MRIs that
neurologists would like to discuss.

e We're always learning new things and understanding novel changes, especially in an academic setting.
e | have enjoyed a good work-life balance and have been able to work part-time.

Personal Experiences:

e When | was an intern and a medical student, | was drawn to neuroradiology because it provided all the
answers regarding everything that was wrong with the patient. Radiology is a very visual field of
macroscopic pathology, encompassing the mechanisms of diseases.

e |n order to become a pediatric neuroradiologist, | completed medical school, a 4-year radiology clinical
internship, an 1-year pediatric radiology fellowship, and an 1-year pediatric neuroradiology fellowship.

® Most pediatric neuroradiology programs are in academic institutions, so | engaged in academic
medicine following my education and training.

Typical Work Day:
e 80% MRI
e 20%CT

Future Forefront of Neurotechnology:

e Artificial intelligence may be increasingly used in the field of radiology and imaging, assisting clinicians
to diagnose diseases.

Best Advice:
% Having a background in Artificial Intelligence and Engineering will greatly aid future neuroradiologists.

Ruilong Hu, PhD: Scientist at BioMarin Pharmaceutical Inc.
Email: ruilong.hu@biomarin.com

Dr. Ruilong Hu is a scientist at BioMarin Pharmaceutical Inc., specializing in preclinical drug discovery with a
focus on olfactory neurophysiology, neuron-glia interactions, neuromodulation, ion channels, and GPCRs. Dr.
Hu completed his doctoral studies at the University of Maryland, where he investigated noradrenergic and
cholinergic neuromodulation in the olfactory system under the mentorship of Dr. Ricardo Araneda. His
research involved employing advanced techniques such as whole-cell patch clamp electrophysiology and
behavioral analysis in mice using MATLAB. Dr. Hu's current work involves functional in vitro assays for
neuroscience and cardiovascular therapeutic areas, utilizing techniques such as automated patch clamp,
multi-electrode arrays, manual patch clamp, and functional imaging. With his diverse expertise bridging basic
science research and pharmaceutical applications, Dr. Hu brings a unique perspective to the panel discussion
on neurotechnology.
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Professional Work:
® As a biopharmaceutical scientist, my work involves in vitro functional work, where we are developing
cell models using human pluripotent stem cells. This work plays a foundational role in preclinical drug
discovery and drug screening assays.
e | am also the project team lead of a drug discovery program, where we are developing a biologic to
target and modify ion channel activity.

Personal Experiences:

e | defended my Ph.D. in electrophysiology at UMD in August 2020 during the pandemic and completed a
1-year postdoctoral fellowship at Boston Children’s Hospital with Dr. Beth Stevens. Initially, | wanted to
become a professor and pursue the 10-year track, but my career goals quickly changed.

e Now, | work in pharmacology, where life is more relaxed than before.

Typical Work Day:
® 60% wet lab research involving in vitro pharmacology

o These days, | have been developing a 96-well system with a GCaMP calcium sensor to read out
drug screens.

o We engage in genetic therapy work targeting rare genetic diseases, which often contain a
haploinsufficiency (1 mutant allele). The therapeutic aim is to revert the mutant gene back to
Wild Type (WT) level. Overexpression of the gene may be toxic, so the expression must be
carefully controlled to ensure a functional phenotype. This work involves a lot of wet lab and
molecular biology work. Another field of interest is lab automation, which involves large-scale
high throughput screens.

o The drug candidate testing protocol contains various steps:

Rescue RNA.

m Rescue protein.
m Is the protein going to the correct location (i.e. membrane, surface) in the cell?
m Is there a functional phenotype in network activity in vitro, in vivo, or in brain slices?

e Can a RNA-protein function relationship be established?
m As the potential drug candidates are narrowed down, the patch clamp technique is the
gold standard to measure neuronal activity.

e Attach electrodes to individual neurons to assess functional rescue and identify
the ideal drug candidate.
® 40% meetings
o Sometimes, | meet with an academic collaborator at UCSF to check-in about research and
distribute RO3 to RO1 grant funding.

Best Advice:
« If you would like to work in a pharmaceutical industry setting, it would be very beneficial to have prior
experience with handling large genomics, proteomics, and RNA sequencing datasets. Pharmacology is
an interdisciplinary field leveraging principles from both neuroscience and data science.
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+* You do not need a Ph.D. degree for some research positions. If you are very motivated and have
significant research experience, you can reach those positions directly from undergrad.

% For neuroscience students looking for employment after graduation, a research associate job may be a
good option.

Rupesh Chillale, PhD: Assistant Research Scientist at University of Maryland, College Park
Email: rupesh@umd.edu

Dr. Rupesh Chillale is an Assistant Research Scientist at the University of Maryland, College Park, and works
under the mentorship of Professor Shihab Shamma. His research interests lie in unraveling the neural
mechanisms underlying perception and attention in the auditory system. He is particularly focused on
understanding how sensory and perceptual features are processed across the hierarchical cortical pathway,
from auditory regions to the frontal cortex. His work delves into three main areas: neural encoding of auditory
categorization, flexibility of auditory processing under varying contextual conditions, and encoding of sound
perception into memory. Rupesh employs a diverse array of methodologies including animal behavior studies,
multichannel extracellular recordings, and computational modeling techniques to address these questions.
Through his work, he aims to contribute to our understanding of the intricate workings of the auditory system,
paving the way for advancements in areas such as decision-making, music perception, and systems
neuroscience.

Professional Work:

® | am aresearch scientist in the Institute of Systems Research at UMD, where we are researching how
auditory perception emerges and changes.

o Whenever we hear any sound, there are 2 components:
m Physical attributes - frequency and amplitude
m Perception - meaning
e |nour lab, we are using a multi-disciplinary ferret model to study how meaning emerges in the
hierarchy of the brain. We use the following study model:

1. Train ferrets to decipher specific variables of different tasks.

2. Record ferrets during 2 phases:
a. Passively listening to tasks
b. Actively performing tasks

3. Contrast neural encoding between passive listening and active performance components.
a. Study brain regions, including primary auditory cortex, secondary auditory cortex, and

prefrontal cortex.

e | have been involved in many projects, including speech comprehension research. We expanded our
research to include non-invasive human neuroimaging techniques, including EEG
(electroencephalogram) and MEG (magnetoencephalography).

e Recently, we have been pursuing nanotechnology research related to the brain-computer interface. We
are studying how to decode imagined speech through EEG recordings. This study has important
implications for paralyzed individuals.
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Personal Experiences:

e Initially, | majored in physics, and | shifted to Neuroscience after attending a workshop in the Indian

Institute of Sciences. | learned how the morphology of the skin changes after stimulating the T-cells in

leeches.

e | used computational tools (EEG) and nonlinear dynamics to study sleep-wake phenomena, such as
REM sleep.
e Having a strong theoretical and mathematical background in physics assisted my career aspirations.

Typical Work Day:

® Experimental research

o

I am currently developing an experimental paradigm where ferrets can changes in syllables (i.e.
“ABCD” to “CBCD”). This study aims to foster understanding of how individual syllables form
words, how words form sentences, and how sentences have semantic meanings.

A critical component of our experimental work involves performing brain surgery to implant
electrodes into the brains of the ferrets.

Usually, the lab has consistently taken acute recordings, using single electrodes to measure
individual neurons. However, | am mostly interested in chronic recordings.

| developed a micro-ECoG implantation in the brain of ferrets. This implantation lasts 1 year and
helps facilitate brain recordings while ferrets are performing experimental tasks.

Through a collaborative study with the Computer Science Department, we are investigating how
to encode imaginative speech from auditory speech. The Ph.D. students had some success,
where they recorded MEG signals from the brain when participants were passively listening to
music. Then, they converted the imagined music into auditory music using deep neural
networks. This data can then be further converted into a vector and shared with ChatGPT to
predict what an individual is thinking.

| recently presented about the implicit, statistical learning of music. The ferrets listened to Bach
music, and we recorded their ECOG signals. We used Markov models to convert the ECOG
signals into prediction errors.

e Data analysis (majority of my time)

o

o

Mentors:

| use principles from physics and machine learning (i.e. classifiers, linear/logistic regression) to
analyze experimental data.

Through machine learning techniques, we can understand how neuronal signals and spikes can
encode various task variables (i.e. sensation, perception, choice, decision).

e | have had multiple mentors throughout my career.
e Dr. Shihab Shamma is my primary mentor and usually oversees the big picture in the lab. | am free to

pursue an independent research project in his lab.

e | collaborated with an Applied Mathematics professor at the New Jersey Institute of Technology to

develop a model to investigate how sleep pathologies emerge. For instance, we studied how narcolepsy

emerges based on the circuitry of the hypothalamus.
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Future Forefront of Neurotechnology:
e The brain-computer interface is a very hot topic in the field of neurotechnology. META is using the
brain-computer interface to decode speech processing. In addition, Google Deep Brain is performing
non-invasive brain-computer interface recordings.

Best Advice:

% It would help in the long run to gain strong skill sets in understanding neuroscience and big data.
Currently, there are numerous job openings involving the brain-computer interface, and the
prospective job outlook is projected to grow.

+« Data analysis is a crucial component of my job as a postdoctoral Research Associate.

% If you are exploring potential job opportunities directly following undergrad, there are various options,
ranging from medicine to jobs at big tech companies (i.e. META, OpenAl). There are numerous job
openings for individuals with strong skill sets in neuroscience and big data.

Didier Depireux, PhD: Chief Science Officer at Otolith Labs
Email: depireux@gmail.com

Dr. Didier Depireux has over 25 years of clinical research experience focusing on computational neuroscience
and the inner ear. He holds a PhD in Theoretical Physics, and continued his research through post-doctoral
work and researching the coding of speech in the midbrain and cortex. Founder of Otolith Labs, they are
developing a noninvasive and easy-to-use headworn wearable device solution for vertigo. At Otolith Labs, he is
responsible for designing and monitoring clinical trials as well as conducting research. Prior to Otolith, Didier
was a member of faculty at the University of Maryland School of Medicine. Dr. Deprieux is also the founder of
OtoMagnetics, working to develop a non-invasive method to deliver drugs and other therapeutic payloads to
inner and middle ear compartments, to the eye, and into the skin.

Professional Work:

e | am currently the Chief Science Officer of Otolith Labs. We developed an external device to help relieve
the symptoms of vestibular migraines. The headband contains a vibrating element that stimulates the
vestibular system.

e We conducted several clinical studies, and we are currently conducting a pivotal clinical trial with 200+
participants who wear the device for 4 weeks. The results of this study will be instrumental in gaining
FDA approval for medically prescribing the device. Our aim is to help alleviate the symptoms of
vestibular conditions in patients. It has been very exciting work so far.

Personal Experiences:

e | earned a Ph.D. in Theoretical Physics at UMD in the mid 1980s. As | was completing my postdoctoral
fellowship, | realized that pursuing the String theory was an interesting hobby, but it was not very
relevant.

e While searching for a novel stream, | discovered the field of Computational Neuroscience, allowing me
to apply my mathematical knowledge to modeling the brain.
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® | came into contact with Dr. Shihab Shamma at UMD and began to apply Computational Neuroscience
to study the auditory system. It was very interesting, especially since there was not much data or
knowledge about the auditory cortex at the time.

e | wanted to further pursue something of greater relevance, and | became an Anatomy Professor at the
University of Maryland School of Medicine (UMSOM). | had a great experience there, but | recognized
that M.D. physicians are often too occupied with patients to prioritize Ph.D. research.

e While maintaining a dual appointment as an UMSOM faculty member, | returned to the UMD Institute
of Systems Research (ISR) and began studying tinnitus, which is an auditory condition with no known
cure. We successfully identified an effective drug to prevent the emergence of tinnitus, but the large
required in animals caused peripheral sickness within animals. We had the right drug but the wrong
method of delivery.

e By random chance, | spoke with Bioengineering research scientists, who were developing nanoparticle
drug delivery. Through a joint collaboration, we began using nanoparticles to deliver high
concentrations of the anti-tinnitus drug into the cochlea of the ear, which is extremely difficult to
access.

e Although electromagnetics piqued my interest, | was naive about how expensive this treatment would
be to practically scale and implement in humans. It would require hundreds of millions of dollars, so
the project reached a standstill.

e |learned about a research project in Georgetown that was developing an external device to provide
vibrations to the vestibular system and help treat vertigo and motion sickness. Since | suffered from
severe motion sickness, | decided to wear this device and ride in a car, and | was astonished to discover
its success in reducing my symptoms. | discovered the relevance and applicability of this research
initiative, so | decided to join the start-up company, OtolLith Labs.

o Currently, the only diagnostic test for vertigo is verbal confirmation: “Do you have vertigo?”
Thus, animal research involving vertigo is very difficult, since animals cannot provide verbal
confirmation regarding their symptoms.

e (COVID-19 disrupted our research efforts, inhibiting our ability to perform clinical trials.

Typical Work Day:

e | don’t really have a typical work day because our start-up company only contains 5 employees, and |
am tasked with a wide variety of roles and responsibilities. We recently secured funding (51 million) to
release the device into the market, so we are transitioning to hire more employees.

e | am very adaptive, so my work day constantly changes.

o | speak with diverse stakeholders, ranging from the FDA to investors.

o Time is of the essence, and we must work very quickly to bring the vertigo device into the
market.

o  What keeps me motivated is that our work is very rewarding. The device has alleviated my
vertigo symptoms and has allowed me to ride in cars. In addition, patients who have
participated in our clinical trials have conveyed their appreciation of the device, since it has
allowed them to enjoy normal activities, such as transporting their children and cooking.
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Future Forefront of Neurotechnology:

Physical health will continue to be important to track and monitor.

When we asked patients to track their vertigo on a day-to-day basis, 10-15% of patients experienced
improved health outcomes with no further interventions. Simply tracking and realizing the impact of
vertigo on their own lives yielded health improvements.

There is an enormous amount of progress that must be made to investigate the various side-effects of
drugs and how different drugs interact. For a patient that was taking 11 drugs and 2 injections on a
daily basis, vertigo is likely a side-effect of the complex interactions between drugs and not the primary
medical issue.

Best Advice:

R
°

R
°

Follow your own interests, and always remain open to new possibilities. When | initially earned my
Ph.D., | never would have imagined | would be involved in the biomedical field. | just forged my own
path, and it worked out in the end.

Be ready to adapt because the world is rapidly changing. It is unrealistic to think that your career will be
a simple straight line until retirement.

Be very confident. When doctors provide a diagnosis or a treatment prescription, it is based upon their
best judgment, and there may be room for error (i.e. complicated patient history, lack of complete
information). Establishing a trusting physician-patient relationship is essential for improved health
outcomes.

If you are adventurous, you can start to establish a start-up company directly after undergrad.
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