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Biomedical Engineering  
at Rutgers

As part of a nationally acclaimed research 
university, biomedical engineering at
Rutgers offers exceptional opportunities 
for students, researchers, and industry
partners. State-of-the-art facilities 
encourage interdisciplinary collabora-
tion in genomics, tissue engineering, 
advance microscopy, biomedical optics, 
microfabrication, animal study, and more. 
Flexibility in the curriculum allows under-
graduate students to pursue pre-medical, 
pre-dental, and graduate studies.

bme.rutgers.edu

Scientists at Rutgers and Stanford universities 
have created a new technology that could 
someday help treat Parkinson’s disease and 
other devastating brain-related conditions that 
affect millions of people.

The technology – a major innovation – involves 
converting adult tissue-derived stem cells 
into human neurons on 3-D “scaffolds,” or 
tiny islands, of fibers, said Prabhas V. Moghe, 
a distinguished professor in the departments 
of Biomedical Engineering and Chemical and 
Biochemical Engineering at Rutgers University.

The scaffolds, loaded with healthy, beneficial 
neurons that can replace diseased cells, were 
injected into mouse brains.

“If you can transplant cells in a way that mimics 
how these cells are already configured in the 
brain, then you’re one step closer to getting the 

brain to communicate with the cells that you’re 
now transplanting,” said Moghe, research 
director for the School of Engineering/Health 
Sciences Partnerships at Rutgers. “In this work, 
we’ve done that by providing cues for neurons 
to rapidly network in 3-D.”

In their multidisciplinary study, published on-
line today in Nature Communications, a dozen 
scientists from several Rutgers teams and 
Stanford discuss the 3-D scaffolds and their 
potentially widespread benefits.

Neurons, or nerve cells, are critical for human 
health and functioning. Human brains have 
about 100 billion neurons, which serve as mes-
sengers that transmit signals from the body to 
the brain and vice versa.
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Future Brain Therapies for Parkinson’s 
Possible with Stem Cell Bioengineering 
Innovation

Continued on p. 3



BME faculty are awarded grants to 
develop groundbreaking research

Professor Mark Pierce is collaborating with Pro-
fessor Waheed Bajwa (ECE) on two projects in 
conjunction with the National Science Foundation 
and the Department of Defense. The first project 
received $360,000 from the NSF to integrate 
novel approaches in optical imaging hardware 
and signal processing algorithms to deliver 
cellular-level images from intact tissue in living 
patients. The other project received $275,000 as 
part of a Defense University Research Instrumen-
tation Program grant. This project will create a 
suite of multimodal imaging devices that can 
gather data with optical wavelengths from ultra-
violet to long-wave infrared. These devices will 
be able to produce high-resolution, high-speed, 
and high-sensitivity images with distance/ranging 
capabilities. 

Message from the chair
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The Department of Biomedical Engineering at Rutgers continues 

to grow and succeed thanks to the excellence of our faculty, 

the strengths of our students, and the academic rigor of our 

program.  Our BME program is now the third-largest in the country, 

graduating 122 undergraduate students last May–our largest 

graduating class to date! Nearly half of the graduating class was 

women; 12 students were James. J. Slade scholars and 14 were members of the Honors 

Academy.

Nearly 40 graduate students earned advanced degrees–nine students were awarded a 

master of science, 16 earned a master of engineering, and 11 received doctoral degrees. 

These include the first three graduates of our fully online engineering master’s program. 

Our biotechnology Ph.D. program earned a record in its own right: it was renewed for 

the sixth time. Our faculty members were also selected by the National Institutes of 

Health to receive this year’s Broadening Experiences in Scientific Training (BEST) Award 

which recognized the interdisciplinary Job Opportunities for Biomedical Scientists (iJOBS) 

program as crucial to helping biomedical engineers pursue non-academic, skill-appropriate 

jobs after graduation. 

Sincerely,

Noshir Langrana, Ph.D. 
Chair, Department of Biomedical Engineering

REU at Rutgers

The Department of Biomedical 
Engineering welcomed seven students 
from partner universities to its seventh 
annual Research Experience for 
Undergraduates (REU) during the 
summer of 2016. This National Science 
Foundation-sponsored program 
allows students who lack traditional 
opportunities to conduct research at their 
home institutions to do so at Rutgers 
under the guidance of Professor David 
Shreiber. Students focused on “Cellular 
Bioengineering--From Biomaterials to 
Stem Cells.” 

BME’s Susan Engelhardt joined with 
Assistant Research Professor Timothy 
Maguire in presenting a weekly seminar 
on innovation and entrepreneurship to 
the program. Participants presented a 
business plan at the conclusion of the 
seminar based on their own research. 

In previous years, REU students present-
ed their work during national Biomedical 
Engineering Society meetings. One stu-
dent also enrolled at Rutgers, joining the 
biomedical engineering Ph.D. program 
as part of the Summer Undergraduate 
Pipeline to Excellence program with sup-
port from the School of Engineering.

Professors Martin Yarmush, Jeffrey Zahn, and 
Nada Boustany, along with molecular biosciences 
professor Bonnie Firestein-Miller, were awarded 
$423,000 by the National Science Foundation to 
study drug interventions on traumatic brain injuries. 
They will simulate these injuries using a “brain slice-
on-a-chip” platform developed in the Yarmush lab.

Professor Li Cai, along with Dr. Martin Grumet 
from the Keck Center for Collaborative Neu-
roscience and Dr. Yi Lisa Lyu from the Robert 
Wood Johnson Medical School, were awarded 
$600,000 by the New Jersey Commission on Spi-
nal Cord Research to determine the role of Gsx1 
and other key factors in injury-induced prolifera-
tion and differentiation of neural stem cells.

Professors Francois Berthiaume and Martin 
Yarmush were awarded $568,000 by the 
NJCSCR to develop new technologies to heal 

tissue injuries caused by prolonged unrelieved 
pressure among patients who may be bedridden 
or confined to a wheelchair.

Professor Li Cai was awarded $40,000 from the 
Charles and Johanna Busch Memorial Fund to 
determine the molecular mechanism of Top2b in 
controlling the expression of cell adhesion genes 
during cortical neuronal migration.

The National Institute of Neurological Disorders 
and Stroke at the NIH has awarded a two-year 
exploratory/development grant for $424,000 
to Professor Prahbhas Moghe and co-principal 
investigator Zhiping Pang, a professor with the 
Child Health Institute of New Jersey and the 
Rutgers Biological Health Services. The grant will 
allow the professors to develop better cell thera-
py models to study and treat neurodegenerative 
diseases like Parkinson’s.

faculty awards & news 

see page 3 for more faculty news & awards



bme news FALL 2016  m   3

Moghe said a 3-D scaffold, developed by 
the scientists, consists of tiny polymer fibers. 
Hundreds of neurons attach to the fibers and 
branch out, sending their signals. Scaffolds 
are about 100 micrometers wide – roughly the 
width of a human hair.

“We take a whole bunch of these islands 
and then we inject them into the brain of the 
mouse,” he said. “These neurons that were 
transplanted into the brain actually survived 
quite miraculously well. In fact, they survived 
so much better than the gold standard in the 
field.”

Indeed, the scaffold technology results in a 
100-fold increase in cell survival over other 
methods, Moghe said.

And that may eventually help people suffering 
from Parkinson’s disease, multiple sclerosis, 
amyotrophic lateral sclerosis (ALS), or Lou 
Gehrig’s disease, Alzheimer’s disease, spinal 
cord and traumatic brain injuries, and concus-
sions, he said.

These diseases and conditions often arise from 
the loss of brain cells. Parkinson’s disease, for 
example, is caused by the loss of brain cells 
that produce dopamine, a key neurotrans-
mitter. Brain cell loss can lead to trembling in 
the hands, arms, legs, jaw and face; rigidity, 
or stiffness of the limbs and trunk; slowness of 
movement; and impaired balance and coordi-
nation, according to the National Institutes of 
Health.

The next step would be to further improve the 
scaffold biomaterials, allowing scientists to in-
crease the number of implanted neurons in the 
brain. “The more neurons we can transplant, 
the more therapeutic benefits you can bring 
to the disease,” Moghe said. “We want to try 
to stuff as many neurons as we can in as little 
space as we can.”

The idea is to “create a very dense circuitry 
of neurons that is not only highly functioning 
but also better controlled,” he said, adding 
that testing of mice with Parkinson’s disease 
is underway to see if they improve or recover 
from the illness.

Eventually, with continued progress, the 
researchers could perform studies in people. 
Moghe estimated that it would take 10 to 20 
years to test the technology in humans.

Developing the scaffold technology and repro-
gramming the stem cells in the scaffolds was 
“very hard team work,” he said. “It took many 
years to get here, so there was a lot of sweat 
and toil.” n

Taking the Lead (continued)

Aside from Moghe, study authors include: Aaron 

L. Carlson, Neal K. Bennett and Nicola L. Francis of 

the Rutgers Department of Biomedical Engineering; 

Apoorva Halikere of the Rutgers Department of 

Neuroscience and Cell Biology and the Child Health 

Institute of New Jersey at the Rutgers Robert Wood 

Johnson Medical School; Ronald P. Hart, Stephen 

Clarke and Kenneth Paradiso of the Rutgers Depart-

ment of Cell Biology and Neuroscience; Jennifer 

C. Moore of the Human Genetics Institute of New 

Jersey; Marius Wernig at the Stanford University 

School of Medicine in California; Joachim Kohn of the 

Rutgers Department of Chemistry and Chemical Biol-

ogy, New Jersey Center for Biomaterials; and Zhiping 

P. Pang of the Department of Neuroscience and Cell 

Biology and Child Health Institute of New Jersey at 

Rutgers Robert Wood Johnson Medical School. 

From left to right: Neal Bennett, Nicola Francis, Apoorva Halikere, Prabhas Moghe, Joachim Kohn, Zhiping Pang of 
Rutgers University.

faculty awards & news 

Professor Martin Yarmush was awarded $2.7 
million over four years by the National Institute 
for Biomedical Imaging and Bioengineering to 
develop a robotic venous blood drawing system 
combined with a microfluidics-based diagnostic 
assay device for rapid blood testing. This project 
will be conducted with investigators from Massa-
chusetts General Hospital.

The National Science Foundation’s chemical, 
bioengineering, environmental, and transport 

systems division awarded Professor Stavroula 
Sofou and Princeton University professor Yannis 
Kevrekidis $569,000 to use collective mea-
surements and single molecule optical tracking 
techniques to develop mechanistic hypotheses 
for the kinetics of binding.  

The National Science Foundation awarded a 
$384,000 grant to Professors Jeffrey Zahn and 
Prosenjit Bagchi (MAE) to support a project 
regarding the computational study of cellular 

blood flow and particulate transport in microvas-
cular capillary networks.

Professor David Shreiber received a pilot 
research grant from the New Jersey Commission 
on Brain Injury Research for $180,000. The goal 
of the project is to develop biomaterials that re-
spond to components of secondary brain injuries, 
enabling targeted therapeutics to injury sites.



In a moving video that went viral from the 
Mayo Clinic in Minnesota to around the world, 
BME alumnus Dr. Raymond Iezzi, Jr., smiles 
broadly as his previously blind patient, Allen 
Zderad, has a portion of sight restored while 
his wife wipes away tears of joy. 

Iezzi, who earned an undergraduate degree in 
biology and a master’s degree in biomedical 
engineering from Rutgers, developed a pair of 
tools that together help patients suffering from 
retinitis pigmentosa, a degenerative condition 
that affects one in 4,000 people and leads to 
blindness over a period of years by impacting 
the retinas in the backs of patients’ eyeballs. 
While gene therapy and other experimental 
treatments can help children or young adults 
slow down vision loss or recover some sight, 
few options existed to help older patients. 
Iezzi, along with a research team at Second 
Sight, a retinal prosthesis company, invented a 
camera-receiver combination that lets the eyes 
“see” again. 

An array of roughly 60 electrodes are surgically 
implanted into the patient’s retina. They in turn 
can receive signals from a camera placed in a 
pair of glasses. The camera acts as a surro-
gate eye, beaming images to the electrodes, 
which are then transferred to the optic nerve. 
This combination of devices were successfully 
tested in April 2015, helping Zderad see again. 
Prior to the surgery, he could make out some 
light, but no shapes.
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Biomedical Engineering Alumnus Develops Bionic Eye 

Officially named the Argus II Retinal Prosthesis 
System, this bionic eye is among the first to 
let patients see again. While they still need 
the assistance of a cane or guide dog, they 
can make out general shapes and some color, 
allowing them to identify people, objects, and 
even amorphous shapes like waves. 

Since the first implantation Iezzi performed 
on Zderad, several other patients around the 
world have successfully received the device. 

David Simcha Provides Keynote Address

David Simcha, a class of 2007 graduate, provided the keynote address at the department’s 

16th Annual Senior Design conference in April, sharing the story of how following his 

interests led him to earn a Ph.D. from Johns Hopkins University following his undergrad-

uate experience at Rutgers. While he focused on biomedical engineering in school, he 

also became a self-taught programmer in his free time. He applied these skills to his Ph.D. 

thesis in bioinformatics. After leaving Johns Hopkins, he joined Google Research in New 

York City, where he develops algorithms that run image searches, YouTube video recom-

mendations, and other Google queries. 

Mayo Clinic ophthalmologist and surgeon, Raymond 
Iezzi, will benefit patient care by introducing new 
methods of slowing retinal degeneration in patients 
with retinitis pigmentosa, age-related macular degen-
eration, retinal detachment, and complex trauma.

For his accomplishments, Iezzi received the 
Rutgers School of Engineering’s Distinguished 
Alumnus in Research award during the 2015 
Medal of Excellence awards dinner last Octo-
ber, a recognition acknowledging the effort 
he put into not only researching eyes, macular 
degeneration, and how to stimulate sight, 
but also applying his research to develop a 
functioning device. In presenting the award to 
Iezzi, Professor Thomas Papathomas said his 
research was contributing to further innova-
tion in the field. 

Iezzi received a medical degree from New 
York Medical College before interning at 
Winthrop University Hospital. n

Electrodes implanted onto the retina at the back of 
the eye send electrical signals to the brain when the 
photoreceptors have stopped working.
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Rutgers BME continues to improve the 
undergraduate experience by partnering 
with other institutions to help students learn 
about the clinical and commercial aspects of 
biomedical engineering.

The Clinical Immersion Program allows 
students to explore the practical side of 
medicine and understand the context for 
technological innovation. Now in its sixth 
year, the program also strengthens the 
dialogue between Robert Wood Johnson 
Medical School and the School of Engineer-
ing, so that ongoing research can be truly 
relevant to solve unmet needs in the clinical 
environment. Students have the opportunity 
to work with doctors in emergency rooms, as 
well as in pediatric care, neurosurgery, and 
cardiac surgery.

BME partnered with Robert Wood Johnson 
Medical School to develop a 4-year program 
partnering medical students with practic-
ing clinicians to identify issues and create 
solutions in the fall of 2015. The “Distinction 
in Medical Innovation and Entrepreneurship” 
program has 16 students in its inaugural year 
who will first learn about the commercial-
ization process, before looking at shortfalls 
in clinical care and customer requirements. 
Medical students are then paired with engi-
neering students to build a business frame-
work and develop an innovative solution for 
investment and commercialization.

In collaboration with the Rutgers Medical 
Device Development Center, the depart-
ment also established a certificate program 
in medical device design and development 
beginning fall 2016. 

The curriculum is offered in conjunction with 
the master of engineering degree program 
in biomedical engineering, and in addition to 
mastering core bioengineering fundamentals 
and area-specific elective material, requires 
students to envision a specific futuristic 
medical device technology in the areas of 
biomaterials and cell/tissue engineering, 
medical devices and sensors, or bioimag-
ing and digital health. The students then 
develop a technical or business plan around 
their technology for their independent study 
requirements. 

Students have the unique opportunity to 
learn within a dynamic hub of faculty, staff, 
peers, and industrial partners dedicated to 
medical device development. Through pro-
posed state-of-the-art prototyping facilities, 
a wide network of business partners and 
contacts, and dedicated faculty, students and 
investigators are transforming their ideas into 
commercial realities. n

Rutgers BME Strengthens Relations with 
Medical Institutions

student involvement

faculty honors

Rutgers BME faculty continue to 
distinguish themselves with novel 
approaches to complex problems. 

Professor Martin Yarmush earned 
the 2015 BMES Robert A. Pritzker 
Distinguished Lecture Award for 
his plenary lecture during the 
organization’s national meeting last 
October. Part of his lecture critically 
reviewed the field of biomedical 
engineering and offered a vision of the 
challenges and opportunities the field 
will encounter in the future. Professor 
Yarmush was also named a Fellow by 
the National Academy of Inventors.

Professor Troy Shinbrot was 
nominated to be named an American 
Physical Society fellow for his research 
on chaos, fluid mixing, and granular 
flows. Professor Shinbrot is already a 
fellow with the American Institute of 
Biomedical Engineers and a founding 
editor of Physical Review Applied.

Professor Yannis Androulakis, 
along with former Ph.D. student 
Meric Ovacik (GSNB’10), Professor 
Marianthi Ierapetritou (CBE), and 
other members of his team, received 
the Environmental Protection Agency’s 
2015 Scientific and Technological 
Achievement Award for their work 
analyzing toxicogenomic data.

Professor Stavroula Sofou was 
named a Rutgers University 
Chancellor’s Scholar.

Professor Prabhas Moghe was 
elected a fellow of the Biomedical 
Engineering Society.

“
The students came up with ideas 
that truly impressed the physicians. 
These ideas resulted from the 
students viewing surgeries through 
an engineering lens. Sometimes it 
takes this integrated perspective 
to truly innovate.

“
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Q&A

BME Alumna Spotlight: Dayna Sessa ENG’06

Why did you choose Rutgers School of 
Engineering?

I really didn’t know what I wanted to do. I was 
interested in architecture and even biophysics. 
Engineering seemed less limiting and covered 
interesting things that I wanted to touch on. Of 
course, little did I know that the industry I’d go 
into hadn’t been created yet. 

What did you do after graduation?

I worked for a while with a small, now defunct, 
management consulting firm. I also worked as 
the COO of a consumer products company 
and realized I hated consumer products. 

How did you come to start Datanomy? 

I had my quarter-life crisis and realized I want-
ed ownership and to have skin in the game, 
and to work for something I was more pas-
sionate about. It’s not a fluid story—although it 
looks great in hindsight.

Obamacare was beginning to push hospitals 
to keeping electronic medical records. I real-
ized that there were opportunities here. 

It’s been an interesting ride. We’re a small 
business, but we’re growing. We’re getting 
phone calls from people who want to learn 
more. It’s a nice place to be.

Entrepreneur Dayna Sessa, along with her husband, Thomas Sessa ENG’06 (ECE), are the brains behind Datanomy, 
their Manhattan-based health analytics firm, that helps hospitals and health organizations make better decisions by 
unlocking actionable insights from big data. Datanomy’s recent honors include recognition by the New York City 
Mayor’s Office, Goldman Sachs 10,000 Small Businesses, and the Tory Burch Foundation. They are also the founders 
of Porvenir Fund which brings STEM education to underprivileged kids.

Do you serve hospitals and health organiza-
tions nationwide or regionally? 

We’re regional right now, but are open to 
national. We like to roll up our sleeves and be-
come our clients’ partners. So, in that respect, 
it’s helpful to be somewhat local. Our vision for 
reaching a national market is to develop more 
products, rather than focus on services.

Did any particular professors influence 
you?

I wasn’t the most engaged student. Thomas 
was the opposite. A total nerd, he was first in 
his electrical engineering class. I was a bohe-
mian engineering student, and I was trying 
to figure out what I wanted to do. Professor 
Evangelia Micheli-Tzanakov was a strong 
and supportive figure who not only encour-
aged and pushed me academically, but also 
empowered and strengthened me during this 
transitional time.

What was the most valuable thing you 
learned at Rutgers? 

Engineering isn’t about specific skills, calcu-
lations, or algorithms. It’s an inherent way of 
problem solving, of thinking critically through a 
series of events to reach a cohesive story. n

Read more about Sessa online at 
soe.rutgers.edu/sessa

Obama Addresses 
Class of 2016

“You’ve got to be a citizen full time, 
all the time,” President Barack Obama 
told the more than 50,000 who gath-
ered for the university’s historic 250th 
commencement. The president told 
students and their families that the 
world is more interconnected than ever 
before and needs to work globally to 
solve problems.

Among the two technologies sin-
gled out by Obama as among those 
achievements that have lifted the 
university “to heights its founders could 
not have imagined,” were those involv-
ing the talent and creativity of School of 
Engineering students.

“This is a place where you 3-D-print 
prosthetic hands for children, and 
devise rooftop wind arrays that can 
power entire office buildings with clean, 
renewable energy,” the president said. 

Graduating BME senior Katherine Lau 
was the lead on a research team that 
developed the prosthesis for a girl born 
with underdeveloped fingers (see story 
on page 7).
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Students Excel in Academics and Community Service 

student achievement

In May, BME graduated its largest class of un-
dergraduate students. Of those 122 students, 
there were many standouts.

Varun Arvind’s academic achievements includ-
ed earning a Barry M. Goldwater Scholarship 
for his research into stem cell differentiation. 
He was also inducted into the Matthew Leydt 
Society, an organization honoring Rutgers’ top 
students. Arvind will pursue advanced studies 
at Mount Sinai as part of an M.D./ Ph.D. 
program.

As an undergraduate, Katherine Lau spent a 
summer as part of a team at the University of 
Nevada, Las Vegas that developed a 3-D pros-
thetic hand for a young girl born with a birth 
defect that impacted the development of her 
hand. The result is an affordable, functioning 
hand that can be economically rebuilt as the 
child grows. 

“I want to be a biomedical engineer to im-
prove the lives of others. That summer, I got 
to see firsthand what my work can do,” said 
Lau, who is now pursuing a master’s degree in 
biomedical engineering at Rutgers.

Graduating master’s and doctoral students 
also contributed to BME’s success. Andrea 
Gray earned her Ph.D. in January 2016, focus-
ing her research work in cellular therapy. She 
is currently a staff fellow at the United States 
Food and Drug Administration, working in the 
office of cellular, tissue, and gene therapies 
at the Center for Biological Evaluation and 
Research. Prior to graduating, Gray was named 
a Rutgers School of Engineering Outstanding 
Student for her research contributions. n

Former graduate student, Andrea Gray (above), does 
research in cellular therapy.

Varun Arvind (above), earned a prestigious scholarship 
for his research on stem cell differentiation.

Katherine Lau (right), develops a 3-D printed prosthetic 
for a young girl.



Department of Biomedical Engineering
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Team Work
Working across disciplines, Rutgers biomed-
ical engineering researchers are advancing 
lifesaving biomedical innovations through the 
use of signal processing, nanoparticles, elec-
troporation, and miniaturized electronics. One 
partnership involves Professor Joseph Freeman 
who has extensive experience in tissue regen-
eration. He was intrigued by certain new syn-
thetic fibers that had extraordinary properties, 
namely that they would move when exposed 
to electric fields. He had an idea: Could you 
use this emerging technology to help people 
regain more quickly the use of arms or legs 
whose muscles had withered away? Conven-
tional therapies used external electrical pulses 
to stimulate muscles and tissues, a process that 
can take many months.

Freeman contacted Laleh Najafizadeh, a 
colleague at Rutgers in electrical engineering. 
Their idea is to implant a tiny chip inside these 
new fibers, which could then be surgically im-
planted in an area of the limb. The chip could 
be controlled wirelessly so that it could stim-
ulate the fibers now attached to the muscles. 
Their proposal has received funding from the 
National Science Foundation and they hope 
to begin testing the device in animals in the 
coming years and eventually get approval from 
the FDA for use in humans.

photo to come


