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I N T R O D U C T I O N
A place where scientific rigor and creativity are matched by a sense of sharing and 

community, the Center for Engineering in Medicine (CEM) is a relatively young and 

vibrant enterprise that draws strength from its diversity and collaborative spirit, and 

from its affiliations with surrounding biomedical research institutions including the 

Massachusetts General Hospital (MGH), the Harvard Medical School (HMS), the 

Shriners Burns Hospital (SBH), and the Massachusetts Institute of Tech-

nology (MIT).  Interactions, both within and outside the CEM, provide 

excellent opportunities for training as well as opportunities for spin-off 

industrial activities. The CEM’s emphasis on collaboration serves to 

remove the boundaries separating the engineering, scientific, and 

clinical disciplines. The physical layout and research activities in 

the CEM follow the same principles with an “open-bay” configura-

tion, interdisciplinary group meetings, and a focus on very dif-

ficult cutting-edge problems.

A unique component of the CEM program is the diversity of in-

terests and skills involved in its activities. The CEM’s focus is 

neither on a single disease nor on a single group of technologies. 

Instead, vitality springs from creating novel applications using the 

tools of disparate disciplines ranging from molecular biology and bio-

chemistry to engineering design and analysis. These technologies are 

currently being applied to “thrust areas” in artificial organ development, 

biopreservation, metabolic engineering, stem cell bioengineering, genomics 

and proteomics, microfabrication and nanotechnology, drug delivery, and tissue 

repair.

Vitality springs from creating novel 

applications using the tools of 

disparate disciplines ranging from 

molecular biology and biochemistry 

to engineering design and analysis.

The CEM has developed a remark-

able reputation within the academic 

and industrial communities, both as 

an excellent training environment 

and as a very innovative and produc-

tive research organization. 



The diverse skills and collaborative spirit of the CEM are supported by several core 

facilities. These include Molecular Biology and Biochemistry, Cell Culture and Tissue 

Engineering, Microfabrication and Nanotechnology, Microscopy and Image Analy-

sis, Nuclear Magnetic Resonance and Mass Spectroscopy, and Biophotonics and 

Animal Surgery. The CEM’s NIH-supported BioMEMS Resource Center is a truly 

unique facility, which provides CEM investigators unfettered access to state-

of-the-art micromachining tools for a myriad of biological applications. 

Most important to the CEM are the people. Over 50 investigators, 

including faculty, postdoctoral fellows, MD fellows, graduate stu-

dents, and technical staff come together each day to exchange 

ideas and tackle problems. Trainees benefit from direct interac-

tion with, and guidance from, the CEM’s faculty members and 

from involvement in interdisciplinary group meetings, which are 

organized around the major thrust areas. These group meetings 

foster a team-oriented approach that broadens a trainee’s expe-

rience in ways not possible in most traditional laboratories.

The CEM provides a unique environment in which scientific rigor, 

collaboration, training, and technical innovation come together. Con-

sequently, the CEM has developed a remarkable reputation within the 

academic and industrial communities, both as an excellent training en-

vironment and as a very innovative and productive research organization. 

More than 100 trainees have “graduated” from the CEM to assume positions of 

leadership in both academic and industrial environments.
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Applied Immunology

Currently three projects comprise this thrust area. In the 
first, we seek to develop new classes of antibodies that are envi-
ronmentally responsive. In our most recent work, we utilized elastin 
peptide linkers (the flexibility of which is temperature dependent) to 
engineer single-chain antibody binding fragments that are thermally re-
sponsive. In the second project, we are investigating classical conditioning 
strategies that will boost a patient’s immune system so that immune readi-
ness or response can be upregulated by an appropriate conditioned stimulus. In 
the third project, we are working on developing effective cancer vaccines that are 
universal and not patient-specific.

BioMEMS

Microfabricated devices for biological applications (e.g., gene arrays and lab-on-a-chip) have 
become quite common, giving rise to useful tools for discovery and diagnosis. Our current 
efforts focus on the development of a new generation of microdevices that incorporate living 
cells. This research effort is fueled by recent advances in the understanding of cellular behavior 
in microenvironments, and the need for new, more sophisticated devices for discovery, diagno-
sis, treatment, and high-throughput drug testing. Our current projects include: 1) blood-on-a-
chip, 2) microreactors for viral production, 3) dynamic tissue microsystems, 4) chemotaxis-on-a-
chip, and 5) the living cell microarray.

BioNanoRobotics

The long-term goal of this futuristic thrust area is to develop novel biomolecular machine compo-
nents that can be assembled to form multi-degree-of-freedom nanodevices. These devices will be 
designed to apply forces and manipulate objects in the nanoworld, and to travel successfully in vivo. 
Our initial goals have been to identify and characterize peptides that can be used as motors and 
grippers, and to study the interface of these peptide components with other molecular elements 
such as DNA joints and rigid carbon-nanotube links.

Biopreservation

The projects within this thrust area fall into two categories: cryopreservation, and drying of cells 
and tissues. Most of the cryopreservation work is focused on using vitrification techniques as 
a means of avoiding the formation of intracellular ice. In both the cryo and drying work, we 
are using sugars such as trehalose to mimic the natural processes that allow anhydrobiotic 
organisms to survive. Our current projects include: 1) preservation of sperm and oocytes, 2) 
preservation of stem cells, 3) understanding the bioenergetic, metabolic, and transcriptional 
responses to cryopreservation, 4) molecular dynamics of cellular cooling, and 5) preserva-
tion of tissues and organs.

Drug Delivery and Novel Therapeutics

The work in this thrust area is aimed at developing the next generation of tools 
for customized delivery of therapies to specific regions in the body. In one 
project we are developing fusion peptides, antibody-peptide conjugates, 
and quantum dot-polypeptide assemblies as potential anti-cancer thera-
peutics. In a second related project, we are investigating the effec-
tiveness of using a VP22/Sindbis viral system to deliver apoptosis-
inducing peptides to cancer cells. In the third project, we have 
begun initial design of molecular robots that can traverse the 
plasma and nuclear membranes in order to modify the ge-
netic material within the cell.

R E S E A R C H



Functional Genomics

In this area, we are using conventional genomics and pro-
teomics technologies to document the liver’s gene and protein 

expression response to inflammation through in vitro and in vivo 
studies. These studies, in combination with parallel metabolic profil-

ing studies, are crucial for understanding the hypermetabolic course 
taken by injured patients, which can vary dramatically, leading to recov-

ery, chronic illness, or death. We are also developing a "living cell array", a 
novel and transformative functional genomics tool for simultaneous measure-

ment of temporal expression profiles of multiple genes. Information from this 
new device will be used to predict the molecular events that determine a cell’s 

progression to recovery or failure in response to stress.

Gene Therapy

We are currently working toward identifying the rate-limiting steps in the retroviral trans-
fection process with an eye toward large-scale vector manufacturing that is efficient and 

cost-effective.  Most recently we have focused on understanding the mechanism of retrovirus 
decay, which appears to be due to retroviral RNA degradation. We are currently developing 

several strategies to efficiently block or overcome this degradation. In a second related effort, 
we are using genetic transfer techniques to overexpress various growth factors in skin cells with 

an eye toward understanding the role of these growth factors in the wound healing process.

Metabolic Engineering

Metabolic anomalies exist in most severe injuries and chronic diseases such as cancer and AIDS. 
Our objective is to account quantitatively for the metabolic alterations produced by the inflam-
matory response to major injury or disease. In these studies, the flow of substrates through an 
organ is experimentally determined under both normal and pathologic conditions. Model reaction 
schemes that describe the major characteristics of the metabolic reaction network are used to 
determine the distribution of flows of substrates. These analyses help identify the key differences 
between normal and pathologic conditions, give insight into the evolution of diseases, and suggest 

better nutritional therapies for patients with severe injuries and/or chronic diseases.

Stem Cell Bioengineering

We are currently developing a number of novel approaches aimed at differentiation of embryonic 
stem cells into mature and functional hepatocytes. Most conventional differentiation techniques 
generate a very low yield of mixed, primitive, hepatocyte-lineage cell populations. To drive this 
challenging field forward, we are focused on several scalable manipulations to differentiate 
and separate pure populations of hepatocyte-like cells.  These approaches include the use of: 
1) microencapsulation, 2) microfabrication with controlled growth factor delivery, 3) tech-
niques for inducing the metabolic machinery that accompanies hepatocyte differentiation, 

and 4) co-culture with adult hepatocytes and mesenchymal cells.  

Tissue Engineering

The projects in this thrust area are primarily the development of a bioartificial 
liver device and the next generation of bioartificial skin. The liver device work re-

volves around a flat-plate, grooved, microfabricated hepatocyte bioreactor that 
overcomes the major transport-related shortcomings of the current systems, 

which use hollow fiber-based reactors. Recent scale-up and in vivo testing 
of this design have yielded dramatic, positive results. In the bioartificial 

skin area, we have developed a number genetically modified skin 
grafts for local delivery of growth factors (e.g., PDGF, IGF-1, KGF) 

to promote and modulate the wound healing response in cases 
of severe burn injury or skin ulcers.  
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T R A I N I N G

Postdoctoral Fellows Program

Postdoctoral fellows from all over the world and from many diverse fields train at the CEM. 
Training includes cutting-edge research, grant writing and reviewing, team management 
opportunities, and opportunities for clinical and industrial interaction. Postdoctoral fellows 
at the CEM are driven to be independent in thought and action, and are encouraged to 
submit their own grant applications soon after they arrive.  Over 80% of CEM post-
doctoral fellows have gone on to academic positions, most at prestigious research 
universities.

Biomedical Engineering Research & Education
Program for Physician Fellows

The BERE fellowship program breaks new ground by focusing on the 
training of physician fellows in biomedical engineering related to mo-
lecular and cellular sciences. These fellowships offer physicians an 
opportunity to develop their biomedical engineering knowledge and 
expertise so that they can become part of the next generation of 
physician-engineer leaders. Most BERE applicants majored in engi-
neering or physical science as undergrads, and are seeking a bio-
medical engineering research experience instead of the more clas-
sical molecular biology or clinical science experience. The major 
components of the BERE program are a curriculum comprising a 
set of bioengineering courses designed specifically for physicians, 
and a rigorous research training experience in bioengineering. 

Predoctoral Fellows Program

Predoctoral fellows from a variety of PhD programs at Harvard and 
MIT complete their PhD dissertations at the CEM. Most students 
come from Harvard-MIT (HST) medical engineering and medical 
physics (MEMP), the MIT Chemical, Electrical and Mechanical Engi-
neering Departments, and the Harvard Division of Engineering and 
Applied Science (DEAS). The benefits of thesis research in the CEM 
include the opportunity to work on a complex project with a very 
experienced team, and the opportunity to learn a broad spectrum of 
experimental and theoretical modeling skills.

Summer Internships for Undergraduates in
Biomedical Engineering

The Summer Internship Program offers qualified undergraduates who are pre-
medical majors the opportunity to participate in a research project at a CEM labo-
ratory. The internships, which have attracted the best and brightest undergraduates 
from all over the country, inspire and nurture a strong interest and sense of accom-
plishment in bioengineering, which will presumably grow and flourish when these stu-
dents become physicians and investigators.
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B R I E F  H I S T O R Y
The Center for Engineering in Medicine (CEM) traces its beginnings to a one-

room laboratory in the Wellman building at MGH, assigned to Ronald Tompkins and Martin 

Yarmush. In 1987, this laboratory housed one postdoctoral fellow, one graduate student, and one 

technical assistant. By 1990, the group (then called the Laboratory of Surgical Science and Engineering) 

had grown to more than 10 fellows and technicians, necessitating a move to an expanded 2500-sf research lab in 

Building 149 at the MGH East Campus. In 1995, the MGH and Harvard Medical School formally recognized an expanded 

academic and research unit called the Center for Engineering in Medicine, which subsumed the Laboratory of Surgical 

Science and Engineering, and included affiliations with other bioengineering labs at the Harvard Medical School and the 

Harvard Teaching Hospitals. In 1997, the CEM was awarded a $2.5M Development Award from the Whitaker Founda-

tion, and in 2000 the group moved to its current headquarters, a 7000-sf state-of-the-art laboratory in Building 114 

on the MGH East Campus in Charlestown. Today, the CEM is a remarkably dynamic enterprise with 10 resident 

faculty, over 25 affiliated faculty, about 25 postdoctoral fellows, 12 graduate students, and 16 technical 

and administrative staff. More than 20 individual research projects are underway at any time at 

the CEM, which are supported by more than $7M in research grants annually.


