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Helping New Cancer Treatments 
“Bubble Up” to the Clinic

Interventional radiology has revolutionized modern medicine. But even the field that brought us angioplasties, 

catheter-delivered stents, and embolotherapy sometimes meets its match – and liver cancer is one of them. 

Perhaps unexpectedly, this is where biofluid expert and BME Professor Joseph Bull, PhD, comes in. Bull 

has spent the last decade working with U-M ultrasound specialists to advance a next-generation technique 

for embolizing blood vessels that may offer hope for patients with hard-to-treat cancers like hepatocellular 

carcinoma. Called acoustic droplet vaporization (ADV), the technique involves applying ultrasound to lipid- or 

protein-encapsulated perfluorocarbon droplets to generate gas bubbles that in turn can be used to block the 

blood vessels feeding tumors. Recently Bull’s lab has revealed the missing details of how the technique works, 

which he hopes will help move it more swiftly from the lab to the clinic.

by Aimee Balfe

HOW PROFESSOR BULL’S MECHANISTIC INSIGHTS INTO ACOUSTIC DROPLET 
VAPORIZATION MAY PAVE THE WAY FOR NEW TUMOR TREATMENTS

“The research questions that excite me offer some 
fundamental problem where, if you can solve it, you 
can address an important clinical problem and have a 
lot of impact,” says Bull.

That’s why he chose ADV and liver cancer. Currently, 
there’s really no good way to treat this form of cancer, 
says Bull. Interventional radiologists generally use a 
catheter to place a metal coil or gel foam in one or 
two of the tumor’s feeder vessels to restrict its blood 
flow. The problem is that this doesn’t always cut off all 
of the tumor’s blood supply – and it can stop flow to 
healthy tissue, as well.

ADV offers several key advantages. Among them 
is selectivity – the ability to occlude all the vessels 
feeding the tumor and only the tumor. This is because 
the droplets are small enough to traverse a capillary 
and can reach much smaller vessels. In addition, 
thanks in part to revelations from Bull’s lab, the 
technique can be used to precisely manage the size 
and duration of the resulting gas bubbles, as well as 
where they will lodge and what effects they will have 
on surrounding tissue.

These local effects are another advantage of the 
technique. Stresses generated by the expanding 
droplet/bubble could be used to rupture a vessel 
entirely or to create short-lived pores in adjacent 
cellular membranes to aid in drug uptake. And, best 
of all, such drugs could be shuttled into place by the 
droplets themselves.

The technique holds real promise for reducing the 
systemic effects of chemotherapy by super-targeting 
drug delivery. In addition, the combination of 
restricting blood flow and delivering drugs could be a 
potent combination for compounds that work best in 
a low-oxygen environment.

But despite its promise, the technique has faced a 
key translational stumbling block: Researchers weren’t 
quite sure how it worked.

THE DETAILS OF A DECEPTIVELY 
STRAIGHTFORWARD PROCESS

On the surface, the technique seems straightforward. 
“Basically we inject the droplets intravenously and 
let them circulate until they get near the tumor,” 
says Bull. “Then we apply ultrasound, vaporize the 
droplets, and the gas bubbles close the vessel.”

This works because the perfluorocarbon is liquid 
at room temperature but super-heated at body 
temperature. It wants to vaporize within the body 
but is kept in check by its lipid or protein shell until 
perturbed with ultrasound. But how the vaporization 
proceeded was not well understood.

“There have been all kinds of theories,” says Bull. 
“Some people suggested that the ultrasound was 
mechanically shaking the droplets and causing 
vaporization. Others thought the ultrasound formed 
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Joseph Bull. Photo: Joseph Xu.

a cavitation bubble, which then collapsed near the 
droplet, causing it to vaporize.”

To explore this, Bull’s lab used an ultra-high-speed 
camera to record what was happening as the droplets 
vaporized. The experiments revealed that ultrasound 
application actually causes a gas bubble to form 
and grow within the droplet. This was confirmed 
in a parallel study conducted in the lab of Bull’s 
collaborator, Radiology Research Assistant Professor 
Oliver Kripfgans, PhD.

Then Bull’s lab took it further. Using the same ultra-
high-speed camera, his PhD student David Li 
showed that each bubble formed in a consistent 
place within each droplet – a place that was strongly 
dependent on the size of the original droplet. All the 
gas bubbles formed along the axis of the ultrasound 
beam. However, for droplets smaller than 20 microns 
in diameter, the bubble formed on the side of the 
droplet closest to the ultrasound source. For bigger 
droplets, the gas bubble formed on the opposite 
side.

“People thought this was a purely random process,” 
says Bull, “but we showed it was extremely 
consistent.”

His next step was to use computational modeling to 
figure out why this was so. “We developed a model 
of ultrasound propagating to the interface between 
the liquid surrounding the droplet and the liquid in 

the droplet,” he says. 
“That interface acts as an 
acoustic lens and focuses 
the ultrasound.”

“The ultrasound has an 
oscillatory wave with a 
peak negative pressure 
and a peak positive 
pressure,” he says. “It 
turns out the negative 
pressure is responsible 
for the formation of the 
bubbles. So where you 
focus the pressure wave, 
you end up with a low-
pressure location where 
the gas bubble will form. 
From there, it’s just a 
vaporization process.”

His lab used a similar 
technique to show that 
for certain acoustic 
parameters the growing 
bubble doesn’t remain 

spherical, but instead takes on a donut shape. One 
side of the donut then pinches off, creating stresses 
that can be harnessed to either damage or affect the 
permeability of nearby endothelial cells.

MOVING TO APPLICATION

Having pinned down the mechanism of vaporization, 
Bull and his collaborators are now ready to push ADV 
further.

“Now that we have a good understanding of how to 
get the occlusion where we want it and how to either 
induce or avoid bioeffects during vaporization, we’re 
looking to really test it out in a tumor model,” says 
Bull. His next project will be testing the technique in 
an animal model of human hepatocellular carcinoma.

“We’re also designing strategies to facilitate drug 
release from the droplets,” says Bull. “We’ll start by 
functionalizing the droplets with ligands so they’ll 
preferentially adhere in tumor vasculature.”

Bull is now involved in an MCubed project where 
he’s exploring the use of ADV in the brain. One 
application the group is interested in is delivering 
drugs across the blood-brain barrier. “We think there 
are several advantages to ADV compared to, say, 
loading drugs into the standard microbubbles used as 
an ultrasound contrast agent. First, we think you can 
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Biotransport Lab recent PhD graduate David Li adjusts laser imaging equipment 
and a blood vessel phantom to study bubble dynamics. Photo: Brandon Baier.

the vaporization process. “Most of what you’d like 
to know about the mechanisms involved in acoustic 
droplet vaporization, you can’t readily measure in 
experiments,” says Bull. “Through experiments, you 
can look for the presence of bubbles in the droplets 
and see how the bubbles’ shape evolves over time. 
But things like stresses and velocity fields and 
pressure fields, you really can’t measure. So being 
able to observe the bubble evolution experimentally 
then compare that to the theoretical model of how 
the presence of a bubble changes the pressure field 
from the ultrasound was the key to understanding 
what was responsible for the vaporization.”

More broadly, Bull credits the collaborative 
environment at U-M. “Over the years, clinical 
radiologists have been helpful in talking with us about 
current practice and where they see this technology 
fitting in,” he says. “We also collaborate with basic 
scientists in radiology like Oliver Kripfgans and 
Brian Fowlkes, whose group has a long history of 
ultrasound research that is a great fit for what I do.”

At the end of the day, it’s that bridge between 
medicine and engineering, which BME exemplifies, 
that makes the environment work. “Ultimately, we 
want to see this end up in patients,” says Bull, “and 
this is the kind of place where we can imagine that 
first happening.”

This work was funded by NIH Grant No. R01EB006476.

Understanding the dynamics and stresses associated with the motion 
of bubbles and droplets in the vasculature is essential in development 
of a safe and effective gas embolotherapy treatment.  The image above 
illustrates the flow generated from a bubble passing through an idealized 
vessel bifurcation.  The arrows indicate the direction of the flow and the 
colormap shows the velocity of the flow.  The flow field was visualized 
through an experimental technique called particle image velocimetry.

load more drugs into our droplets. And second, we 
have more options. We could vaporize the droplets 
and release the drug – or we can keep the drug 
within the bubble and drive that bubble further on to 
release the drug. With standard microbubbles, once 
you release the drug, you no longer have a bubble to 
drive.”

THE SECRET OF HIS SUCCESS

When asked what has made his lab so successful in 
generating these insights, Bull cites several factors. 

On the most basic level, his lab has uncommon 
breadth within the field of biotransport. “We use 
a combination of computational modeling and 
experiments – flow experiments with microchannels 
and cells to test the bubbles’ effects on cells, and 
animal experiments, too. Most biotransport groups 
focus on either theoretical or experimental work, and 
need to collaborate on the other.”

He says the interplay between experimentation and 
modeling is ultimately what allowed him to explain 
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TIM BRUNS: ENGINEERING OF THE PERIPHERAL 
NERVOUS SYSTEM
Assistant Professor Tim Bruns adds new dimension to our long-standing 
strength in neural engineering. He is establishing his research group, 
the Peripheral Neural Engineering and Urodynamics Lab, at the North 
Campus Research Complex. His lab’s primary goals are to develop 
interfaces with the nervous system to restore function and to examine 
systems-level neurophysiology. Bruns is interested in stimulating sensory 
nerves to activate spinal reflex circuits, such as for bladder continence, as 
well as recording sensory signals that would provide feedback to improve 
neuroprosthetic control. Among his lab’s initial efforts will be developing 
novel electrode interfaces in animal models and examining neuroplasticity 
after spinal cord injury.

Bruns comes to U-M with a background in both academia and industry, 
positioning him well to translate physiological insights into clinically 
relevant devices. He received a BS in electrical engineering from the 
University of Illinois and worked as an intern at Medtronic before pursuing 
his MS in bioengineering from Arizona State. He then worked as an R&D 
systems engineer at Baxter Healthcare on an apheresis device. After this, he undertook his doctoral work in BME at Case Western 
Reserve, where his dissertation with Ken Gustafson focused on electrical stimulation of the pudendal nerve and reflex control of the 
bladder. Bruns then worked as a postdoc in the lab of Doug Weber at the University of Pittsburgh, where he investigated interfaces 
with dorsal root ganglia to provide sensory feedback and bladder control. 

Bruns is enthusiastic about mentoring and teaching, particularly neural engineering and design courses. He’s also eager to 
collaborate with colleagues in BME, the CoE, and the Medical School who have similar interests.

JOAN GREVE: EXPLOITING PRE-CLINICAL MRI
Assistant Professor Joan Greve comes to BME to enrich our existing 
imaging expertise. She brings extensive experience using MRI to 
study vascular biology and disease. She has engaged in research, both 
basic and translational, from measuring shear stress in vessel walls to 
studies of stroke, peripheral artery disease, abdominal aortic aneurysm, 
and Alzheimer’s disease. Her specialty is pre-clinical MRI, where she 
makes use of the interplay between animal models and computational 
modeling. Greve is also interested in the further development and 
application of MRI techniques such as phase imaging, phase contrast, 
BOLD imaging, and arterial spin labeling.

Greve received her BS in bioengineering from the University of 
Washington, after which she worked at Genentech, using BOLD MRI to 
study peripheral artery disease and vascular endothelial growth factor, 
including the relationship between angiogenesis and arteriogenesis. 
She then went on to complete her MS and PhD from Stanford, where 
she worked in the lab of Charles Taylor on one of the first applications 
of phase-contrast MRI and computational fluid dynamic modeling in 
rodent models to examine how wall shear stress scales across species. Greve then returned to Genentech, where for five years she 
led its MRI lab, managing the facility and its researchers as well as her own scientific research program. Among the highlights was 
helping to translate a new Alzheimer’s treatment – an antibody against amyloid-beta. She co-authored its Investigational New Drug 
Application to the FDA and led the imaging biomarker strategy for its Phase 1 and 2 clinical trials.  Building on this experience, 
Greve then joined the Allen Institute for Brain Science to act as scientific program manager for a new initiative investigating visual 
neural coding.

Greve’s transition to academia was driven by several factors, including her excitement to teach the next generation of biomedical 
engineers. She says she’ll strive to instill in students an “intuitive” sense of a topic, rather than a “formulaic” one. She’s also eager 
to work with clinical researchers to more fully exploit the translational value of pre-clinical MRI. 

Joan Greve. Photo: Joseph Xu.

Tim Bruns. Photo: Joseph Xu.

New BME Core Faculty



Spring / Summer 2014
bme.umich.edu

6    

The Microfluidics in Biomedical Sciences 
Training Program

The training programs funded 
by the NIH’s National Institute 
of Biomedical Imaging and 
Bioengineering are a feather 

in the cap of any university, bringing attention and resources to the development of future leaders in key 
biomedical areas. So it is with U-M’s Microfluidics in Biomedical Sciences Training Program (MBSTP). Established 
under ChemE and BME Professor Mark Burns in 2005, it was later run by Chemistry and Pharmacology 
Professor Robert Kennedy and last fall came under the direction of BME and Macromolecular Science & 
Engineering Professor Shuichi Takayama. The program is a testament to the concentration of microfluidics 
expertise assembled at U-M.

Nearly 50 faculty members from 
20 departments in the College of 
Engineering (CoE); College of Literature, 
Science & the Arts; and Medical School 
participate in the program, including 20 
from BME. They mentor students and 
use the program to share protocols, 
techniques, and applications.

The program’s structure reflects its core 
goal: training a cadre of biomedically 
oriented microfluidics fellows equipped 
to one day teach students of their own 
and create devices that will enhance 
biological research and health care 
delivery. By these standards, the program 
is flourishing.

But perhaps just as compelling is the 
way in which students and faculty have 
worked together to ensure the program’s 
reach extends well beyond its core group 
of trainees.

THE BIRTH OF A 
PROGRAM

The start of the program in many ways 
presaged how it would ultimately 
expand. “The origin of this grant is 
interesting in that it was very much 
student-led,” says current Director 
Takayama. “Students in Mark Burns’ lab 
applied for a Rackham grant to start a 

series of seminars on microfluidics. The 
seminars ran every other week and drew 
faculty, graduate students, and postdocs. 
A visiting speaker saw all the interest and 
said, ‘Hey, it looks like you have a great 
core for a training grant.’ So Mark put 
together an NIH proposal, building on 
the student-initiated seminar series.”

To create the training program, several 
requirements were added to the seminars 
(see sidebar): classes; an interdisciplinary 
internship; a fabrication workshop; an 
annual symposium; and a monthly journal 
club.

A BOON TO TRAINEES

The requirements are demanding but 
provide fertile, interdisciplinary training 
for the PhD students selected as fellows. 

“This is a learning experience that 
requires a lot of the students,” says 2013 
MBSTP Fellow Johanna Heureaux, whose 
research involves using microfluidics to 
build synthetic platelets. “It’s not one 
of those fellowships you just get and 
go about your business. You have to be 
involved; you have to show deliverables. 
As a trainee, we not only go to the 
seminars, we organize them. When 
you’re responsible for so much, you 
learn more. You get exposed to other 
people’s research, but you also learn how 

to engage people and run a successful 
program.”

MBSTP president and 2012-2013 Fellow 
Mayurachat Ning Gulari echoes the 
program’s value – particularly the ways 
in which it pushes students outside their 
comfort zones. “When I first looked 
into the program, I was surprised at all 
the requirements,” she says. “But as a 
second-year fellow, I really appreciate 
their benefits.”

One of these came in the form of the 
biology elective she was required to take. 
Trained as an engineer, Gulari naturally 
gravitated to the CoE’s biomedical 
and biophysics offerings. Instead, 
the program’s executive committee 
suggested a course in the Medical 
School. “This turned out to be a great 
benefit,” she says, “not only because of 
all the biology I learned but also because 
I made friends in the Medical School, 
and we’re now talking about future 
collaborations. This would never have 
happened if I’d chosen the course on my 
own.”

The interdisciplinary emphasis of the 
required six-week internship has been 
equally valuable for Gulari, whose PhD 
project is a point-of-care white blood 
cell counting system for HIV/AIDS. She’s 
working with Director of the HIV Clinical 
Research Program James Riddell, MD, 

by Aimee Balfe

A CASE STUDY IN STUDENT INITIATIVE, FACULTY SUPPORT & MULTIPLIER EFFECTS
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to learn how her device could be used in 
a clinical setting. She’s also worked with 
the hematology, clinical microbiology, 
and flow cytometry labs to learn how the 
hospital quantifies a patient’s T-cells and 
viral load.

“Spending six weeks in an outpatient 
HIV clinic has allowed me to understand 
what patients and doctors really need,” 
says Gulari. “It’s helping me bridge two 
worlds. When you’re doing research, 
you want to work on something no one 
has done before. But in the hospital, 
they don’t care if it’s novel; they need 
something useful.”

In her project, she’s trying to achieve 
both. Calling her device a “microscope 
on a chip,” Gulari aims for a practical, 
cost-effective microfluidic system that can 
trap white blood cells and image them 
using a novel oil-immersion lens.

TECHNOLOGY OUTPUTS

Though only in place since 2005, this 
thoughtful training approach has already 
resulted in commercial success stories. 
One of Takayama’s early fellows, Amy 
Yu-Ching Hsiao, used the program to 
help develop a 3D cell-culture system 
that was later licensed to 3D Biomatrix. 
The technology, on which she and her 
Takayama lab colleagues hold the patent, 
offers researchers a more physiologically 
relevant alternative to traditional 2D 
cultures.

MULTIPLIER EFFECTS

While the boost to their own productivity 
might be enough for many trainees, it 
wasn’t for the MBSTP Fellows. In the spirit 
of her predecessors, Gulari wrote a grant 
to Rackham to develop a microfluidics 
student organization and now serves as 
its co-president. Called µFO, the group 
provides a forum for students interested 
in microfluidics to replicate some of the 
activities available to fellows.

While everyone is welcome to MBSTP 

events like the seminars, workshops, and 
symposia, the complete training package 
is available to only a few fellows each 
year, and they must be U.S. citizens or 
permanent residents. “We wanted an 
organization that everyone interested 
in microfluidics could join,” says Gulari, 
“where members could organize their 
own journal clubs and professional 
development days, share what they’re 
working on, and network.”

Another purpose of µFO was to augment 
the MBSTP seminar series with outside 
speakers. “We love learning what people 
in the U-M microfluidics community are 
doing,” she says. “But with this funding, 
we’ve been able to bring in professors 
from Stanford, MIT, and Penn State, as 
well as people from industry – like the 
CEO of DeNovo Sciences. This spurs 
additional interest in the field.”

And spur interest it has. When the 
seminars started, they attracted some 
20 to 30 participants; now it’s often 50 to 
60. “I’m happy to say we need a bigger 
room,” says Gulari.

As participation grows, faculty are 
looking for ways to recognize and build 
on the expanding microfluidics training 
opportunities available to students.  They 
are preparing an application to Rackham 
to create an official microfluidics and 
biomedical sciences certificate, modeled 
on the requirements for the MBSTP. 

“We’d like to be able to serve more 
students and really show the training and 
effort they’re putting into this area,” says 
Takayama.

The 2014 MBSTP symposium held on 
May 19, 2014, featured keynote speaker 
Luke Lee, the Arnold and Barbara 
Silverman Distinguished Professor of 
Bioengineering, Electrical Engineering 
& Computer Science at UC Berkeley. For 
more information on the MBSTP, please 
visit: umich.edu/~ufluids.

COURSES
• CHE 696 Microfluidics

• PIBS 503 Ethics in Research

• Elective Biology Course

INTERDISCIPLINARY 
INTERNSHIP

• Six weeks of cross-training

• Engineering students focus 
on biomedicine and vice 
versa through a rotation, 
lab experience, or industrial 
internship

 

SEMINAR SERIES
• Bimonthly seminars with 

leading microfluidics 
experts

• Monthly journal club with 
rotating faculty moderators

• Workshop on microfluidic 
fabrication – see lnf.
umich.edu/2014/01/16/
microfluidics-workshop/.

• Annual symposium with 
poster presentation – see 
umich.edu/~ufluids/sympos
ium/2014SymposiumFlyerSa
veDate.pdf.

The MBSTP supports three new 
fellows per year, each for up to 
two years. Fellows must be U-M 
PhD students using biomedically 
oriented microfluidics in their 
research and be U.S. citizens or 
permanent residents.

MBSTP 
Highlights

http://umich.edu/~ufluids
http://lnf.umich.edu/2014/01/16/microfluidics-workshop/
http://lnf.umich.edu/2014/01/16/microfluidics-workshop/
http://lnf.umich.edu/2014/01/16/microfluidics-workshop/
http://umich.edu/~ufluids/symposium/2014SymposiumFlyerSaveDate.pdf
http://umich.edu/~ufluids/symposium/2014SymposiumFlyerSaveDate.pdf
http://umich.edu/~ufluids/symposium/2014SymposiumFlyerSaveDate.pdf
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BME News

For the Hunt memorial, see: 
link.springer.com/
journal/12195/6/4/page/1

More at: engin.umich.
edu/college/about/news/
stories/2014/january/
understanding-concussions-
testing-head-impact-sensors

JOURNAL COMMEMORATES ALAN 
HUNT
The journal Cellular and Molecular 
Bioengineering commemorated BME 
Professor Alan Hunt’s contributions 
to the field in a special issue 
featuring articles by former students, 
collaborators, and mentors. Hunt 
passed away on October 30, 2012, at 
age 49 from a rare form of appendix 
cancer. He was a founding member of 
the journal’s Board of Associate Editors 
and helped bring it into existence. 
The online version of this special issue 
came out on the anniversary of Hunt’s 
passing.

ASHTON-MILLER TESTS 
CONCUSSION SENSORS
With the recent attention to football-
related concussion, James Ashton-
Miller was profiled in an MconneX 
video and CoE feature story for 
crash-testing head-impact monitoring 
systems. His group compared readings 
from Riddell’s Head Impact Telemetry 
System (HITS) and the newer X2 
Biosystems’ X-Patch so that data from 
the two systems can be interpreted. 
HITS largely measures linear motion, 
while X-Patch also senses head 
rotation through a patch applied to 
the skin. This research is one step 
toward a larger goal of determining 
a player’s concussion risk based on 
the biomechanics of impact. Ashton-
Miller is the Albert Schultz Collegiate 
Research Professor and Distinguished 
Research Scientist of Biomedical 
Engineering.

FERRIS LAB’S BIONIC ANKLE 
FEATURED
The Big Ten Network has aired a 
video on efforts in the lab of BME 
and Movement Science Professor 
Dan Ferris to build a bionic lower 
limb controlled completely by a user’s 
thoughts. The segment shows BME 
doctoral student Stephanie Huang 
working to test the device with U-M 
alumna Nicole Ver Kuilen, who lost her 
leg to bone cancer as a child. Video at: 
youtu.be/SS1MFoz1Cp0.

FAN NAMED OPTICAL SOCIETY 
FELLOW
BME Associate Professor Xudong 
(Sherman) Fan was elected a Fellow 
of the Optical Society of America 
for his development of optofluidic 
lasers, optical vapor sensors, and 
optical ring resonator label-free 
biosensors. Fan also co-authored a 
perspective article in Nature Methods 
on optofluidic biolasers, including 
underlying principles, recent progress, 
and potential applications. Read it at: 
nature.com/nmeth/journal/v11/n2/full/
nmeth.2805.html.

BULL AND MYCEK ELECTED TO 
AIMBE
BME Professors Joseph Bull and 
Mary-Ann Mycek were elected to the 
College of Fellows of the American 
Institute for Medical and Biological 
Engineering (AIMBE). Fellows are peer-
nominated and represent the top two 
percent of the medical and biological 
engineering community. Bull was 
recognized for his contributions to the 
understanding of biofluid mechanics 
and biotransport, and Mycek for her 
work in non- and minimally invasive 
biomedical optical diagnostics. They 
were inducted during AIMBE’s annual 
meeting in March at the National 
Academy of Sciences.

CSET WORKS TO REPAIR SCARRED 
HEARTS
A recent CoE article featured BME 
Associate Professor Andy Putnam’s 
Cell Signaling in Engineered Tissues 
(CSET) lab for its work to transform 
tissue scarred by a heart attack 
into beating cardiac muscle cells. 
Postdoc Yen Peng Kong built upon 
reprogramming efforts from other 
groups by first turning fibroblasts, a cell 
type common in scar tissue, into stem-
cell-like progenitor cells via viral gene 
delivery, and then differentiating them 
into cardiac muscle. By performing 
experiments with cells cultured on a 
variety of protein-based gels, he found 
that gel composition and mechanical 
properties like stiffness influenced the 
efficiency of heart muscle formation. 
For more details on this process and 
the group’s next steps, see: umicheng.
in/1famNO8.

SEPT ARTICLE NAMED PAPER OF 
THE YEAR
An article that BME 
Associate Professor 
David Sept authored 
with Ron Bose and 
other collaborators 
from Washington 
University in St. 
Louis was selected 
as a 2013 paper of 
the year in the Journal 
of Biological Chemistry.  
It won in the signal transduction 

Yen Peng Kong examines a colony of heart muscle 
cells through a microscope. Photo: Joseph Xu.

http://link.springer.com/journal/12195/6/4/page/1
http://link.springer.com/journal/12195/6/4/page/1
http://link.springer.com/journal/12195/6/4/page/1
http://engin.umich.edu/college/about/news/stories/2014/january/understanding-concussions-testing-head-impact-sensors
http://engin.umich.edu/college/about/news/stories/2014/january/understanding-concussions-testing-head-impact-sensors
http://youtu.be/SS1MFoz1Cp0
http://nature.com/nmeth/journal/v11/n2/full/nmeth.2805.html
http://nature.com/nmeth/journal/v11/n2/full/nmeth.2805.html
http://umicheng.in/1famNO8
http://umicheng.in/1famNO8
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The Sept article: 
jbc.org/site/bestoftheyear/

category for providing the first 
structural characterization of HER2-
HER3 heterodimers used in cancer 
therapy. The paper is titled Carboxyl 
Group Footprinting Mass Spectrometry 
and Molecular Dynamics Identify 
Key Interactions in the HER2-HER3 
Receptor Tyrosine Kinase Interface.

FESSLER RECEIVES IEEE IMAGING 
AWARD
Jeffrey Fessler received the 2013 
Edward J. Hoffman Medical Imaging 
Scientist Award from the Institute of 
Electrical and Electronics Engineers 
(IEEE) for his contributions to image 
reconstruction methods in PET, CT, and 

MRI. Among their many contributions, 
Fessler and his group have helped 
GE develop its latest CT method that 
provides high-quality images with 
lower doses of radiation, and are 
working to develop 4D MRI, which 
can generate 3D MRI images while 
accounting for a patient’s breathing 
motion. Fessler is a professor of 
electrical engineering & computer 
science, BME, and radiology.

HUGHES ELECTED ASB PRESIDENT
Richard E. Hughes has become 
president of the American Society 
of Biomechanics; he is an associate 
professor of BME, orthopaedic 
surgery, and industrial & operations 
engineering, as well as the director of 
the Laboratory for Optimization and 
Computation in Orthopaedic Surgery. 
Hughes says he is honored to follow 
several U-M faculty who have served in 
this capacity: Al Schultz; Ron Zernicke, 
Melissa Gross, Don Chaffin, and 
James Ashton-Miller.

MA HONORS & NEW BOOKS
Peter X. Ma was invited to deliver the 
2013 John T. Hamilton Distinguished 
Lecture at the Schulich School of 
Medicine & Dentistry of the University 
of Western Ontario. This was one of 
21 invited and keynote lectures he 
delivered last year.

Ma was also elected a Fellow 
of the American Association for 
the Advancement of Science for 
his contributions to biomimetic 
biomaterials, tissue engineering, and 
regenerative medicine in dentistry and 
oral health sciences.

Ma has also been an editor or 
co-editor of three new books in 
biomaterials and regenerative 
medicine, including: Biomimetics: 
Advancing Nanobiomaterials and 
Tissue Engineering; Biomaterials and 
Regenerative Medicine; and Tissue 
Engineering Using Ceramics and 
Polymers (second edition).

Ma is the Richard H. Kingery 
Endowed Collegiate Professor with 
four appointments in the School of 
Dentistry and CoE, including BME.

NEW STAFF
Pat Metzler joined BME as an 
administrative/project coordinator. 
She provides administrative and event 
support to two training programs – the 
Microfluidics in Biomedical Sciences 

Training Program/MBSTP (see page 
6) and the Cellular Biotechnology 
Training Program/CBTP – and to 
several BME/Medical School shared 
faculty. Before coming to BME, Pat 
spent a year as a financial coordinator 
at the Ross School of Business, and 
prior to that, managed the Tecumseh 
Public School libraries and served as 
a cost analyst for the Department of 
Defense.

BME STUDENTS WIN RACKHAM 
FELLOWSHIPS
Four BME students won fellowships 
through the Rackham Graduate 
School. PhD students Qiushu 
Chen, who works with Associate 
Professor Sherman Fan, and Amrita 
Ray Chaudhury, who works with 
Assistant Professor Nikolaos Chronis, 
each received $10,000 Rackham 
International Student Fellowships. 
Twenty-five such fellowships were 
awarded to outstanding students who 
are not U.S. citizens or permanent 
residents. Huai-Ning Chang, a master’s 
student working with Professor Ted 
Norris, was awarded a Chia-Lun 
Lo Fellowship, which is directed at 
students who’ve earned a previous 
degree from a university in Taiwan. 
PhD student Alexander Duryea, who 
works in the histotripsy group with 
Professor Charles Cain, received a 
Rackham Predoctoral Fellowship, which 
supports students who are completing 

Jeffrey Fessler. Photo: Joseph Xu.

Pat Metzler. Photo: Joseph Xu.
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When BME Assistant Professor Cindy Chestek, PhD, took neural engineering courses as a student, they all had something 
to offer. “I took an amazing course at Case Western called Applied Neural Control; it focused on quantitatively modeling 
how wires can interface with the nervous system,” she says. “Then, at Stanford, the neural engineering courses emphasized 
signal processing and machine learning.”

But when it was her turn to design a course, she didn’t think students should have to choose. “I think both of these 
emphases are really important, so I decided to design a complete, end-to-end neural interfacing course.”

The result is Neural Engineering, BME 599.003. Offered by Chestek for the first time this winter, it aims to be not only 
comprehensive, but quantitative, current, and applied, as well.

“We start with the basic biophysics – where the electrons go when you’re putting electrodes in the brain for deep-brain 
stimulation all the way to recording and analyzing large-scale signals, and we end with the current state of manufacturing 
and clinical application,” she says.

The course features problem sets, exams, a literature review, and a final computational project on a topic of each student’s 
choosing that allows them to apply the various techniques covered.

Chestek provided a brief tour of the seven-part course:

PART 1: QUANTITATIVE MODELS OF 
NEURAL TISSUE

The neuron is the most modeled cell – with accurate circuit 
and equation models for what neurons and nerves do. The 
first section of the course reviews the quantitative models 
of neural tissue. Then, what’s new for most students is 
using NEURON simulation software to build detailed 
models of individual neurons. They’re able to build 
neurons with hundreds of different compartments, assign 
properties to the compartments, and generate spiking 
activity.

PART 2: RECORDING AND 
STIMULATION

In Part 2, we use COMSOL to model what happens if we 
put a wire near those neurons to either record activity 
or inject current to influence activity. We model those 
interactions using electric fields and equations that relate 
what we see on an electrode to what’s happening inside 
the neuron. Students then build on the models they 
developed in Part 1, combining the field equations and 

circuit models to form models of either recording or stimulation. 

PART 3: ELECTRODES AND ELECTRONICS

Up to this point, we’ve assumed we have an ideal electrode – a point source that has everything you want. In Part 3, we 
switch gears into what real electrodes are like. We do quantitative models of electrodes with more circuits, and talk about 
all the ways of manufacturing electrodes, what’s on the market, and what’s approved for human use. We’ll also review 
alternatives to neural probes, like voltammetry and optogenetic stimulation.

PART 4: SIGNAL MODALITIES

Part 4 reviews signal processing and filters. Students move from recording and stimulating one neuron to thousands of 
neurons  – or, in the case of epilepsy, surface potentials on the brain – and learn to process large volumes of data.
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Chestek draws upon her extensive neural engineering research experience. 
Her lab focuses on brain-machine interface systems using 100-channel arrays 

implanted in the motor and premotor cortex. Photo: Joseph Xu.

COURSE SPOTLIGHT –  
Neural Engineering, BME 599.003



PART 5: MACHINE LEARNING

Part 5 covers machine-learning algorithms applied to neural data. Students learn 
how to decode brain activity, with applications ranging from seizure detection to 
reconstructing arm movements from recordings in the motor cortex.

PART 6: NEURAL NETWORKS

Part 6 is a short module on neural networks – basically how to simplify the 
modeling from Part 1 so that you can model not one, but thousands of neurons 
and do machine learning with a neural network. In contrast to classes that focus 
more on classic models, we’re using models developed primarily in the last five to 
10 years to capitalize on all the recent improvements.

PART 7: STATE OF THE ART IN CLINICAL PRACTICE

Part 7 concludes with a tour of where each application is in terms of development 
and clinical trials. With visits from clinical guest-lecturers, we cover motor control; 
visual prostheses; epilepsy; nerve stimulation for pain and bladder control/
incontinence; and deep-brain stimulation for Parkinson’s, depression, and other 
psychiatric disorders.
Based on her current enrollment, which includes 14 students and almost that 
many auditing the course, Chestek believes the course is here to stay. “This is a 
very popular field with lots of pent-up demand,” she says. “I have mostly PhD 
students who want a quantitative foundation, but there are a couple of brave 
undergraduates as well. There is so much interest in this material.”
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*Sequential Graduate/Undergraduate Study 
(SGUS) is a five-year program that combines 
undergraduate study in an engineering field with a 
master’s degree in biomedical engineering.

Deborah Daniel (BSE) graduates 
with a biomechanics concentration. 
She spent the last two years as a 
peer advisor for the Undergraduate 
Research Opportunity Program (UROP), 
emergency room scribe at St. Joseph 
Mercy Hospital, and U-M Equestrian 
Team member. She will attend Wayne 
State University School of Medicine in 
the fall.

Angela Harrivel (PhD) defends her 
thesis in June and will join the NASA 
Langley Research Center working 
on psychophysiological sensors 
for cognitive state monitoring and 
human-machine interfaces. Angela 
worked with BME Professor Douglas 
Noll and Associate Research Scientist 
Scott Peltier in the fMRI lab; her 
dissertation focuses on using functional 
near infrared spectroscopy (an optical 
technique for quantifying hemodynamic 
activation in the brain) to predict 
attentional state.

Lisa Liang (BSE) graduates from the 
BME program with plans to pursue 
an MD/PhD at the University of 
Texas Medical Branch in Galveston. 
She hopes to research tropical and 
emerging infectious diseases that 
have relevance to global health and 
biodefense.

Andrew Lynch (BSE) graduates with 
a biochemical concentration and will 
pursue his BME master’s at U-M in the 
fall through the SGUS* program.

Jordan Pollack (master’s/SGUS*) 
completed his MSE in BME this 
semester and has a position lined up 
as a new product engineer at a medical 
device company called Centurion 
Medical Products in Williamston, MI.  
Jordan will remain in Ann Arbor as he 
begins his career in the medical device 
field. 

Where Are 
They Headed?
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dissertations that are particularly 
creative, ambitious, and risk-taking.

OUTSTANDING 
GSI AWARD
PhD candidate 
Sakib Elahi has 
received one of 
four Towner Prizes 
for Outstanding 
Graduate Student 
Instructors from 
the CoE. Elahi 
has been the 
GSI for three 
courses, including 
biomedical 
instrumentation 

and design, for which he developed 
new material in technical 
communications and error analysis. 

He works in Professor Mary-Ann 
Mycek’s Biomedical Optical Diagnostics 
Laboratory.

XPLORE ENGINEERING CAMP FOR 
ALUMNI & KIDS
Alumni, find out if your children are 
budding engineers! Join us June 26 and 
27 for Xplore Engineering, a summer 
camp for you and your children or 
grandchildren entering 4th through 7th 
grade. One- and two-day sessions are 
available, with an optional residence 
hall stay for the two-day camp. We’re 
hosting 18 hands-on workshops from 
nanotechnology to rockets. Register at: 
engin.umich.edu/mconnex/info/alumni/
xplore-engineering.

Sakib Elahi. Photo: Brandon Baier.

http://engin.umich.edu/mconnex/info/alumni/xplore-engineering
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