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Anirban Sen Gupta, associate professor 
of biomedical engineering, received a 
grant award from the Defense Medical 
Research and Development Program 
(DMRDP) under the Department of 
Defense to evaluate synthetic platelet-

based technologies for mitigation of 
hemorrhage control and treatment 
of burn wounds in large animal 
polytrauma models. This work will be 
carried out in collaboration with the 
University of Pittsburgh Department 
of Surgery (collaborator: Matthew Neal) 
and U.S. Army Institute of Research, San 
Antonio (collaborator: Rodney Chan). 
Sen Gupta is also a co-investigator on 
an American Heart Association National 
Grant-in-Aid award funded in 2017 
to Michael Suster (PI) and Pedram 
Mohseni (Co-I) of the Department of 
Electrical Engineering and Computer 
Science at Case Western Reserve 
to develop and evaluate a dilectric 
microsensor for point-of-care analysis 
of hemostatic defects.

Anirban Sen Gupta

MAN WITH QUADRIPLEGIA EMPLOYS INJURY BRIDGING 
TECHNOLOGIES TO MOVE AGAIN — JUST BY THINKING
First recipient of implanted brain-recording and muscle-stimulating systems 
reanimates limb that had been stilled for eight years.

Bill Kochevar grabbed a mug of 
water, drew it to his lips and drank 
through the straw. His motions 
were slow and deliberate, but then 
Kochevar hadn�t moved his right 
arm or hand for eight years. And 
it took some practice to reach and 
grasp just by thinking about it.
Kochevar, who was paralyzed 
below his shoulders in a bicycling 
accident, is believed to be the 
first person with quadriplegia 
in the world to have arm and 
hand movements restored with 
the help of two temporarily 
implanted technologies. A brain-
computer interface with recording 
electrodes under his skull, and a 
functional electrical stimulation 
(FES) system* activating his arm 

and hand, reconnect his brain to 
paralyzed muscles.
Holding a makeshift handle pierced 
through a dry sponge, Kochevar 
scratched the side of his nose 
with the sponge. He scooped 
forkfuls of mashed potatoes from 
a bowl � perhaps his top goal � 
and savored each mouthful. �For 
somebody who�s been injured eight 
years and couldn�t move, being 
able to move just that little bit is 
awesome to me,� says Kochevar, 
56, of Cleveland. �It�s better than I 
thought it would be.�
Kochevar is the focal point of 
research led by Case Western 
Reserve University, the Cleveland 
Functional Electrical Stimulation 
(FES) Center at the Louis Stokes 

Cleveland VA Medical Center and 
University Hospitals Cleveland 
Medical Center. A study of the work 
was published in the The Lancet on 
March 28, 2017.
�He�s really breaking ground for 
the spinal cord injury community,� 
says Robert Kirsch, chair of Case 
Western Reserve�s Department of 
Biomedical Engineering, executive 
director of the FES Center, principal 
investigator, and senior author 
of the research. �This is a major 
step toward restoring some 
independence.�
When asked, people with 
quadriplegia say their first 
priority is to scratch an itch, feed 
themselves or perform other 
simple functions with their arm 

Photo by Russell Lee, © Case Western Reserve University and Cleveland FES Center

RESEARCHERS SECURE GRANT FUNDING

Horst von Recum, professor of 
biomedical engineering, received 
an R01 grant for his project 
entitled, “Reducing Adhesions in 
Hernia Repair Meshes Through 
a Polysaccharide Coating” from 
the National Institute of General 
Medical Services at the National 
Institutes of Health. Through 
his research, von Recum will 
create a family of polysaccharide-
based polymers to coat hernia 
repair meshes, mimicking the 
anti-adhesive properties of the 
endothelial glycocalyx. Preliminary 
data both in vitro and in rodent 

and pig models have shown this 
strategy to reduce adhesions 
beyond that of uncoated meshes. 
The five-year grant will be 
utilized to assess the range 
of polysaccharide chemistries 
capable of preventing adhesions, 
while retaining mesh repair 
durability and cell adhesion. The 
long-term goal of von Recum’s 
research is to develop a low-cost, 
biocompatible device coating 
that can prevent or reduce post-
surgical adhesions following 
hernia repair.

Horst von Recum
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electrical stimulation patterns. 
Over 45 weeks, his strength, 
range of motion and endurance 
improved. As he practiced 
movements, the researchers 
adjusted stimulation patterns to 
further his abilities.
Kochevar can make each joint in 
his right arm move individually. Or, 
just by thinking about a task such 
as feeding himself or getting a 
drink, the muscles are activated in 
a coordinated fashion.
When asked to describe how he 
commanded the arm movements, 
Kochevar tells investigators, �I�m 
making it move without having to 
really concentrate hard at it� I just 
think �out�� And it goes.�
Kochevar is fitted with temporarily 
implanted FES technology that 
has a track record of reliable use 
in people. The BCI and FES system 
together represent early feasibility 
that gives the research team 
insights into the potential future 
benefit of the combined system.

Advances needed to make the 
combined technology usable 
outside of a lab are not far from 
reality, the researchers say. 
Work is underway to make the 
brain implant wireless, and the 
investigators are improving 
decoding and stimulation patterns 
needed to make movements 
more precise. Fully implantable 
FES systems have already been 
developed and are continuing 
to be tested in separate clinical 
research. Kochevar welcomes new 
technology � even if it requires 
more surgery � that will enable 
him to move better. �This won�t 
replace caregivers,� he says. �But, in 
the long term, people will be able, 
in a limited way, to do more for 
themselves.�
The investigational BrainGate 
technology was initially developed 
in the Brown University 
laboratory of John Donoghue, 
now the founding director of 
the Wyss Center for Bio and 

Neuroengineering in Geneva, 
Switzerland. The implanted 
recording electrodes are known 
as the Utah array, originally 
designed by Richard Normann, 
Emeritus Distinguished Professor 
of Bioengineering at the University 
of Utah. The report in The Lancet 



On a picturesque evening in 
July, Pallavi Tiwari headed to the 
Sunflower Soiree in downtown 
Cleveland. Like other attendees, 
she listened to music and feasted 
on an array of food prepared by 
local restaurants. While the night 
was festive, it had a higher purpose 
� to raise money for Prayers from 
Maria, the Children�s Glioma Cancer 
Foundation, named in memory of 
Maria McNamara, who died from 
the disease in 2007 at age seven.

Tiwari, a School of Medicine  
assistant professor of biomedical 

engineering at Case Western 
Reserve University at the Center 
for Computational Imaging and 
Personalized Diagnostics (CCIPD), 
has spent the past four years 
developing neuroinformatics 
techniques for evaluating the 
presence of brain tumors and 
response to treatment of the 
disease. Although professional 
interest drove her to the Sunflower 
Wine Festival, the evening quickly 
became personal.

�Working in the center, we don�t 
regularly interact with patients,� 

says Tiwari. �But I met patients, 
parents and family at the 
fundraising event. They told stories 
about living with gliomas, and 
it hit home for me. I need to do 
whatever I can to make sure there 
is something out there that can 
help these children.�

Tiwari�s contribution to fighting 
brain tumors utilizes automated 
algorithms to analyze and integrate 
multi-modal imaging data for 
disease diagnosis, prognosis and 
treatment evaluation. The project 
that has made the most progress 

MINING DATA FOR 
MEDICAL BREAKTHROUGHS
Researchers at the Center for Computational Imaging and 
Personalized Diagnostics use imaging data to create predictive 
models that can aid disease management and treatment.

to date involves the latter. �Brain 
tumor patients get aggressive 
chemo radiation,� says Tiwari. 
�When they come back for follow-
up MRIs, many times clinicians see 
enhancements on the images that 
look like the tumor has come back. 
However, sometimes it�s just a side 
effect of the aggressive radiation.� 
Typically, clinicians perform a biopsy 
to determine if it�s a tumor or benign 
side effect.

Tiwari and a team of a dozen 
undergraduates, graduate students 
and postdoctoral researchers in the 
CCIPD have accrued and evaluated 
more than 200 retrospective studies 
from multiple medical centers 
across the United States and China. 
Using machine learning, statistical 
modeling and pattern recognition, 



of biomedical engineering, 
and Vinay Varadan, assistant 
professor of general medical 
sciences (oncology) in the Case 
Comprehensive Cancer Center. 
Wilson focuses cardiovascular 
diseases, with recent highlights 
of his research including coronary 
plaque imaging using intravascular 
optical coherence tomography 
(OCT), detection of cardiac ischemia 
using CT and detection of coronary 
calcium using low-cost chest 
X-rays. Varadan is developing 
and applying multi-
scale systems biology 
approaches to delineate 
mechanisms of disease 
progression and discover 
novel biomarkers of 
therapy response in 
cancer.

While the team has 
worked on a variety of 
diseases, ranging from 
epilepsy to digestive 
diseases, the mainstay 
of its research pertains 
to cancer for two primary 
reasons � one that�s altruistic, and 
the other more practical. �Cancer 
conjures up a fear that perhaps 
no other disease does in quite the 
same way,� says Madabhushi. �On 
a more practical note, the fact is 
for what we do, data is king. And 
the cancer space has a long history 
of carefully recording data and 
capturing outcomes, which we can 
use to create predictive models 
to figure out how these patients 
are going to do and respond to 
treatment.�

For data scientists, says 
Madabhushi, that�s a good place to 
be. �A critical piece in all the models 
we create is how did the patient 
do?� he says. �If you don�t have 
that information, then you can�t 
really do much.� Knowing patient 
outcomes is key to evaluating 
predictive models. 

Although cancer organizations 
lead the way on the big data 
front, others are catching up. For 
instance, the National Institute of 
Diabetes and Digestive Diseases 

and Kidney Disorders has called 
for precision medicine initiatives 
inspired by the cancer community. 
�As the infrastructure evolves 
and the data sets and outcome 
information become available,� 
says Madabhushi, �there�s no 
doubt in my mind that we will start 
to take our bag of tools and apply it 
to other indications.�

Collaborating with 

Clinicians

Collaboration among disciplines 

is key to the work conducted at 
the CCIPD. �We need to bring 
together information from across 
multiple modalities � MRIs, 
genetic tests and so on,� says 
Viswanath. �And the best way 
to get an understanding of what 
each modality is capturing is by 
engaging different people.�

Viswanath�s research on colorectal 
cancer illustrates the importance 
of interdisciplinary teamwork. In 
2016, he was awarded a three-
year, $569,000 grant from the 

Department of Defense�s 
Congressionally Directed 
Medical Research 
Programs for a colorectal 
cancer project. �This 
project is unique because 
it brings together a 
variety of disciplines from 
three different medical 



The Steinmetz Lab advances medicine and 
materials through molecular engineering of 
bio-inspired nanotechnologies.

FROM BLACK-EYED PEAS  
TO NANOTECHNOLOGY

Plants are frequently used in 
biomedical research. One of the 
most publicized recent success 
stories is the development of 
ZMapp�, an experimental therapy 
to treat Ebola Virus Disease. 
Created by a team of scientists, 
the intravenous treatment is 
composed of three monoclonal 
antibodies manufactured in 
Nicotiana benthamiana, commonly 
known as Australian tobacco.

Nicole Steinmetz, an associate 
professor of biomedical 
engineering and the George J. 
Picha Designated Professor in 
Biomaterials at the Case Western 
Reserve University School of 
Medicine, also uses Australian 
tobacco to push frontiers in 
medicine and materials through 
molecular engineering of biology-
inspired nanotechnologies. 
However, there�s a twist. �Many 
labs use nanotechnology 
for human or plant health 

applications,� says Steinmetz. �Our 
unique angle is that we use plant 
viruses.�

Founded in 2010, the Steinmetz 
Lab studies and applies plant 
viruses generated from Australian 
tobacco and black-eyed peas 

to manufacture 
nanoparticles to 
cure diseases. 
�The interest lies 
in the nanometer 
size scale because 
these materials 

can navigate through the body in 
ways other materials can�t,� says 
Steinmetz, principal investigator in 
the lab.

Nanoscale self-assembly has 
been mastered in nature with 
atomic precision. Rather than 
synthesize nanoparticles in the 
lab, researchers in the Steinmetz 
Lab use biology to make 
nanomaterials for them. Viruses 
also offer distinct characteristics 

that the researchers capitalize 
on: They have naturally evolved 
to deliver cargos to cells and 
tissues. �Through structure-
function studies, we are beginning 
to understand how to tailor 
these materials appropriately 
for applications in medicine and 



leaves are harvested, undergo 
a purification process and 
are ready for use in the main 
facility of the Steinmetz 
Lab on the third floor of the 
Biomedical Research Building.

Whether for drug delivery, 
immunotherapy or molecular 
imaging, the basic concept 
remains the same. �The 
whole idea is that you want 
a cargo � either your drug 
or your contrast agent � to 
specifically deliver to the site of 
the disease,� says Steinmetz. 
Researchers create a hollow 
nanotube, akin to an incredibly 
small paper towel roll. The 
interior is solvent accessible, 
so a drug or contrast agent 
in solution can freely diffuse 
on the inside. Chemistries are 
then used to trap the drug or 
contrast agent on the inside. 
The exterior of the nanotube 

is modified to provide direction 
on where it should go within 
the body � what Steinmetz 
calls �molecular ZIP codes.�

One of the potential 
applications for this technology 
is risk stratification for 
cardiovascular disease. Non-
invasive imaging techniques 
can help improve survival and 
quality of life, as well as reduce 
healthcare costs. While MRI 
is beneficial, it�s limited in its 
ability to distinguish between 
diseased and healthy tissue 
of similar signal intensities. 
Researchers at the Steinmetz 
Lab developed molecularly 
targeted nanoscale contrast 
agents carrying large payloads 
of the clinically approved agent 
Gd-DOTA. The contrast agent, 
which uses the nucleoprotein 
components of the tobacco 
mosaic virus, exhibits a 

Once grown to the appropriate size, the plants are infected with the virus 
by putting a drop on the leaf and rubbing it in.

relaxivity five orders of magnitude 
higher than current clinical agents.

Using plant virus nanotubes, the 
team identified novel biomarkers 
and their peptide ligands to 
differentiate between vulnerable 
and stable plaque. Ultimately, this 
could help physicians decide which 
patients require treatment and 
what treatment is most suitable. 

A Promising Approach to 
Immunotherapy
Steinmetz says the most 
exciting research area in the 
lab right now � and the one 
that�s closest to translation 
� is cancer immunotherapy. 
�The contemporary approach 
in nanomedicine is to take a 
nanocarrier, put a drug inside 
and deliver the drug to the site 
of the disease to help position 
the chemotherapy more toward 
the tumor,� she says. �Ours is a 
completely different approach. We 
seek to interact with the body�s 
immune system and train it to 
recognize the tumor.�

The immune system defends 
the body against cancer by 
sending T-cells to find and kill 
tumor cells. Over time, however, 
the tumor shuts down the 
immunity cycle and tumors 
become immunosuppressive. 
The Steinmetz Lab recently 
demonstrated that virus-like 
particles (VLPs) from plants induce 
a potent anti-tumor immune 
response when introduced into 
the tumor microenvironment after 
tumors are established.

The researchers have termed their 
proteinaceous plant virus-derived 

nanocarriers an �in situ vaccine.� 
When injected directly into the 
tumor, the therapy manipulates 
tumors to overcome local tumor-
mediated immunosuppression 
and subsequently stimulate 
systemic anti-tumor immunity 
to treat metastases. It is both a 
cancer treatment and a preventive 
measure against future tumor 
growth. The Steinmetz Lab has 
demonstrated efficacy of the in 
situ vaccine in melanoma, ovarian, 
colon, glioma and breast tumor 
models.

In collaboration with Steven N. 
Fiering, professor of microbiology 
and immunology, and P. Jack 
Hoopes, a veterinarian and 
professor of surgery and radiation 
oncology at the Dartmouth Geisel 
School of Medicine, Steinmetz 
has tested the therapy on four 
dogs with highly malignant oral 
melanoma. The dogs were treated 
with standard clinical radiation 
therapy (RT) and intra-tumor 
VLP. Radiation therapy alone 
provides an average disease-free 
survival of nine months in these 
patients. Currently none of four 
RT/VLP treated melanomas has 
recurred locally or metastasized. 
The ongoing average disease-free 
survival is now at 12 months, and 
the tumor/peri-tumor influx of 
cytotoxic immune cells is more 
than three-fold greater than is 
seen with radiation alone.

�We are just scratching the surface 
with immunotherapy,� says 
Steinmetz. �We have something 
that works in large animals, so 
we want to push this toward a 
clinical trial. But there�s still a lot 

"Many labs use 
nanotechnology 
for human or 
plant health 
applications. 
Our unique 
angle is that 
we use plant 
viruses."
— Nicole Steinmetz
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of research to be done.� Her team 
is further studying the molecular 
mechanism and how to make it 
more potent. They are also looking 
at combining the therapy with 
other drugs, formulating it into 



— Vamsidhar Velcheti

�Cleveland 
is often 
underappreciated 
in terms of 
how much of a 
powerhouse it 
is for biomedical 
research.� 

of the nation�s top medical hubs, 
provides promise for translational 
research. 
The business community recognizes 
the opportunities created by Case 
Western Reserve University, its 
medical institution partners and 
others. Since 2001, approximately 
$2.3 billion has been invested in 
more than 400 biomedical start-up 
companies in Cleveland, according to 
The Medical Capital initiative.
�Cleveland, The Medical Capital, is a 
hotbed of global health innovation,� 
says Annette Ballou, vice president 
of strategic marketing and 
communications for BioEnterprise, 
which helps nurture and grow local 
bioscience companies. �Cleveland 
is an asset-rich environment that 
fosters collaboration, and with that 
comes access. Access to resources, 
research, funding, relationships, 
talent � all the things a company 
needs to innovate, grow and thrive.�
This, in turn, attracts the attention 
of investors locally and worldwide. 

According to The Medical Capital 
initiative, there were 38 Cleveland-
area biomedical investors and 96 
national and international investors 
in local companies in 2017. When 
all these players come together 
� private and public investors, 
biomedical companies, and clinical 
and research institutions � they 
create a rich environment for 
furthering ground-breaking ideas. 
And Case Western Reserve�s 
biomedical engineering department 
is integral to many innovations.
�The biomedical engineering 
department plays a critical role 
in the success of The Medical 
Capital,� says Ballou. �The research, 
innovation and talent that it 
creates helps fuel the biomedical 
sector pipeline, contributing to the 
growth of the region�s biomedical 
ecosystem.�
Velcheti sums it up best, saying, 
�There�s opportunity for great things 
to happen here in Cleveland.�









CHECK OUT 
DEPARTMENTRESEARCH VIDEOS

bme.case.edu@CWRUBMECWRU, Department of Biomedical Engineering @CWRUBME

The department�s research overview videos showcase current 
high-potential projects underway in the labs.

View all of the new videos on our YouTube channel.

@CWRUBME
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