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Viruses are seemingly simple or-
ganisms that have posed complex 
problems for human health.  The 

major pandemics and epidemics in the 
era of medical recordkeeping have been 
attributed to the spread of viral infec-
tion, including the recent H1N1 infl uenza 
virus outbreak.  Like other pathogens, 
viruses have evolved to hijack many cel-
lular processes to promote the survival of 
viral progeny.  This has made the design 
of detection systems and drugs to target 
viruses much more challenging than what 
was originally thought.  At the CEM, bio-
medical engineers in collaboration with 
scientists and physicians are taking new 
approaches to tackling viral infection.    

Viruses can be considered to be Mother 
Nature’s nanoparticle that replicate by a 
pseudo-symbiotic relationship with host 
cells.  They can range from 10-80 nm in 
diameter and generally contain two fun-
damental components: (1) genetic ma-
terial in the form of DNA or RNA that is 
single stranded or double stranded, and 
(2) a protein coat that encapsulates the 
genetic material and in some instances is 
complexed with lipid moieties.  Some of 
the older and non-specifi c antiviral medi-
cations, such as acyclovir, use artifi cial nu-
cleic acid substrates to cause chain termi-
nation in the creation of new viral nucleic 
acids.  Newer therapies focus on viral-spe-
cifi c proteins that are essential for replica-
tion and are proving to be druggable.  For 

example, a new class of antivirals has been 
developed that target the reverse tran-
scriptase enzyme, which is required for 
the conversion of RNA into DNA.  Howev-
er, viruses often develop point mutations 
that confer resistance to repeatedly used 
drugs, which has led researchers to take 
combinatorial approaches to prevent vi-
ral replication.  Large genetic shifts, such 
as the recombination events of infl uenza 
virus between species, can lead to new 
viral subtypes that can be highly virulent 
and contagious.  Clearly, a deeper under-
standing of the viral lifecycle and physi-
ological alterations that viruses cause in 
cells and organisms can motivate new 
drug targets.       

The viral lifecycle is unique for each species 
but can be broken up into a few key events: 
(1) entry, (2) uncoating and replication, and 
(3) assembly and release.  Viral entry has 
become a hot topic, as many recent studies 
have shown elegant ways that viruses have 
exploited host receptors to specifi cally dock 
and be endocytosed into target cells.  An in-
hibitor to CXCR4, a receptor used by human 
immunodefi ciency virus (HIV), has been one 
of the fi rst examples of a class of antivirals 
known as entry inhibitors.  In this issue, Yaa-
kov Nahmias will describe another mecha-
nism of viral entry that involves hitching a 
ride onto cargo, such blood lipoproteins, 
that enter into cells.  Upon entry the viral 
capsid is degraded, replication of the viral 
genome and proteins occurs by utilizing the 
host’s cell machinery.  A number of antivirals 
such as protease, reverse transcriptase, and 
integrase inhibitors are being developed for 
this phase.  Once viral components are syn-
thesized, the viral particle can assemble and 
mature within the cell.  Finally, viruses are 
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released by either lysis of the host cell or budding from the 
cellular membrane.  These latter stages of the viral lifecycle 
are now the focus of new therapeutic approaches.     

One immediate question is raised, when considering the 
lifecycle of a virus, with respect to the host response: how 
does the body fail to eliminate viruses after infection?  The 
answer to this may be the key to new immunotherapies 
against viruses.  Viruses have evolved to find ways to dis-
rupt the sensing and elimination of virally-infected cells by 
the immune system.  For example, certain viruses cause 
infected cells to downregulate the expression of particular 
cell surface molecules that normally engage with circulat-
ing immune cells to ultimately neutralize the virus and/or 
destroy the infected cell.  By tricking infected cells, viruses 
are essentially camouflouged from the immune system 
while continuing to proliferate within host cells.  In our fea-
tured article, Suraj Patel will describe a new way that cells 
sense pathogens and signal to neighboring cells to propa-
gate a local immune response.  Approaches like this may 
enable new treatments that can boost immunosurveil-
lance to viruses and mount an effective antiviral response.

Together with creation of new therapies, advances in the 
detection and monitoring of viral infection are also es-
sential to successfully diagnosing and treating patients. 
Because of their small size, simple biology, and obligate 
intracellular life cycle, viruses present significant detec-
tion challenges. Since the 1940s, there have been three 
general approaches to detect viruses: (1) analysis of the 
host organism’s response to the virus, especially antibody 
serology; (2) detection of a virus’s molecular fingerprints, 
including viral proteins and viral nucleic acids; or (3) di-
rect sensing of whole viral particles.  To-date, these meth-
ods have yet to be adopted as point-of-care techniques 
because they are labor-intensive, lack specificity and 
sensitivity, and are expensive.  Grace Chen at the CEM 
will discuss new developments in the field of micro- and 
nanotechnology that are beginning to measure intact vi-
ral particles in automated and user-friendly devices. 

Viral detection and treatment involves the integration of 
many biological systems and pose interesting problems 
to the medical community.  CEM scientists and engineers, 
armed with a detailed understanding of virology, are com-
ing up with creative solutions to viral infection with the 
continued mindset of creating new, practical products that 
can have significant impact on both the national and glob-
al healthcare effort.   

ENGINEERING NEW DIAGNOSTICS AND 
THERAPEUTICS FOR VIRAL INFECTION 

We will present a flavor of the different research 
thrusts in virology at the CEM.  The first sec-
tion will discuss a new aspect of the hepatitis 

C virus lifecycle that may be a therapeutic target.  We 
then transition to talk about a new sensing mechanism 
of pathogenic agents by intercellular communication.  
Finally, we describe upcoming microscale technologies 
that are aimed at detecting intact viruses directly from 
patient samples in point-of-care settings.

The Search for Therapies to Combat 
Hepatitis C Virus 
Yaakov Nahmias

Hepatitis C Virus (HCV) is an enveloped single-strand 
RNA virus which is mainly transmitted by blood and 
other body fluids.  It is estimated that about 3% of 

the world population is currently infected, with infections 
in the western-world at similar rates to third-world coun-
tries. In contrast to Hepatitis B virus, HCV becomes chronic 
in the majority (~70%) of infected adults. About 8% of the 
chronically infected patients will develop hepatocellular 
carcinoma in 10 years.  The poor prognosis of chronic HCV 
patients makes it the leading cause of liver transplantation 
in the United States. Several therapeutic regimens have 
already been developed to treat HCV infection. The cur-
rent standard of care is 72 weeks of combination therapy 
of pegylated interferon (IFN) and ribavirin. This regimen is 
very effective for patients infected with HCV genotype 2, 
however HCV genotype 1 patients show  less than 50% re-
sponse rate.  In addition, the treatment is also associated 
with significant side effects, including continuous flu-like 
symptoms, cytopenias and depression. 

The concept of developing specifically targeted antiviral 
therapy for HCV has focused on enzymes important for 
the replication of the virus. The targets of choice are the 
HCV protease NS3-4, which post-translationally processes 
the HCV polyprotein, and its polymerase NS5B. Some of 
the newly developed antivirals are already in phase II and 
phase III clinical trials and the results look promising. For 
example, telaprevir (VX-950) developed by Vertex Pharma-
ceuticals is a peptidomimetic inhibitor of the HCV NS3-4A 
serine protease. In a recent clinical trial of genotype 1a pa-
tients more than 80% of the patients responded to a com-
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bination treatment of pegylated IFN-b, ribavirin, and tela-
previr, compared to only 16% who responded to controls. 
In addition to protease inhibitors, several groups are devel-
oping agents to target the HCV RNA-dependent RNA poly-
merase. These are mainly ribonucleoside analogs which 
demonstrate roughly a 1-log reduction in HCV RNA in clini-
cal trials, compared to a 2-3 log reduction in HCV RNA for 
the protease inhibitors currently being investigated. 

Despite the encouraging results of these new treatments, 
viral replication inhibitors may exert a selective pressure on 
the virus causing the emergence of escape mutations.  Such 
escape mutations have already been reported in clinical tri-
als and may indicate the emergence of resistant strains of 
HCV.  An alternative approach is to target a host pathway, 
which the virus depends upon to propagate.  Therefore, 
we believe that future strategies for the treatment of HCV 
infection will involve a cocktail of multiple agents that con-
tain modulators of the host cell in order to potentiate the 
effect of viral enzyme inhibitors and ultimately decrease 
the risk of viral escape mutations.  

New Targets in the Lifecycle of Hepatitis C Virus 

One of the fascinating features of HCV was the 
fact that a virus which readily infects hepato-
cytes in vivo is only marginally able to infect in 

vitro cultures of primary hepatocytes. Previous work 
described the association of HCV with low density lipo-
proteins (LDL) in patients’ blood and we hypothesized 
that as hepatocytes remove LDL from blood, this asso-
ciation between HCV and LDL might present a mode 
of entry into the cells. At the CEM, we determined that 
hepatocytes do not express high levels of the LDL-re-
ceptor when cultured in vitro.  We discovered that he-
patocytes cocultured with liver sinusoidal endothelial 
cells lead to hepatocyte differentiation and polarization 
and resulted in a 4-fold increase in LDL-receptor activity.  
We then showed that the entry of HCV pseudo-particles 
was enhanced in co-culture with sinusoidal endothelial 
cells. This work, published in Hepatology 2006 gave us 
the first foothold in the field. 

Since HCV is thought to circulate while bound to LDL, 
and can be taken by hepatocytes through the LDL-re-
ceptor, we wondered if newly assembled viruses within 
infected hepatocytes bound to the metabolic precur-
sor to LDL, very low density lipoprotein (vLDL), in order 
to be excreted from the cell (Figure 1). Using an in vitro 

system, we found that HCV production mirrored that of 
vLDL production, and demonstrated that the virus co-
immunoprecipitated with the structural protein of vLDL, 
called apolipoprotein B (ApoB).  We finally showed that 
blockade of the vLDL pathway by gene silencing of 
ApoB or by the addition of naringenin, an inhibitor of 
vLDL synthesis, significantly reduced the production of 
HCV by infected hepatocytes in culture.  This was the 
first demonstration that HCV production can be meta-
bolically modulated and reveals a new pathway to pre-
vent HCV secretion that can be integrated with other 
antiviral approaches for enhanced efficacy. 

Figure 1. The Hepatitis C Virus (HCV) lifecycle. A) HCV infects hepatocytes in a mul-
tistep receptor-mediated process in which CD81 is an early capture receptor, while 
SR-BI and the tight junction proteins claudin and occludin mediate the final stage 
of viral entry. B) HCV replication occurs on structures formed between lipid drop-
lets and the endoplasmic reticulum.  C) HCV assembly is an MTP-mediated process 
in which infectious viral particles are co-packaged with very low density lipopro-
teins (VLDL). D) Viral egress occurs by a Golgi-mediated mechanism. 

DNA Sensing by the Innate Immune System
Suraj J. Patel

Cells respond to infection by sensing pathogens 
and communicating danger signals to non-in-
fected neighbors; however little is known about 

this complex spatiotemporal process. At the onset of a 
viral infection, individual cells sense invading pathogens 
and elicit innate immune responses that spread from 
infected to uninfected cells, establishing an overall an-
tiviral state. Secreted cytokines such as IFNβ and TNFα 
are two key mediators of these responses. To evade the 
host immune system, viruses have evolved strategies 
for limiting the secretion of these cytokines. Neverthe-
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less, the immune system remains capable of clearing 
many viral pathogens, suggesting that the host may 
have subsequently evolved additional mechanisms for 
propagating antiviral and inflammatory signals, beyond 
the paracrine action of cytokines.

The innate immune system uses pathogen recognition 
receptors to sense nucleic acids during infection or tissue 
damage. Pathogen-derived nucleic acids generate po-
tent immune responses, as they are not typically found 
in a host cell or in particular intracellular locations. Sev-
eral receptors have been identified for recognizing viral 
RNA, and their mechanistic details have been well stud-
ied. In contrast, the sensing of viral DNA and the sub-
sequent triggering of a host antiviral response remain 
poorly understood. Double stranded DNA (dsDNA) de-
rived from host, viral, bacterial or synthetic sources, elic-
its a potent immune response. While CpG-rich DNA from 
bacteria stimulates immune responses by activating en-
dosomal Toll-like receptor 9 (TLR9), non-CpG rich host 
or viral DNA stimulates immune responses by activating 
a TLR-independent cytosolic DNA sensor. The TLR-inde-
pendent pathway for dsDNA sensing activates TBK1 and 
IKKi for the phosphorylation of transcription factor IRF3, 
which binds to interferon-sensitive response element 
(ISRE) sequences, triggering the robust production of 
type I interferons such as IFNβ. In addition to IFNβ, a suc-
cessful antiviral response requires the establishment of 
an inflammatory state through cytokines such as TNFα. 
The secretion of IFNβ and TNFα is thought to play an 
important role in propagating antiviral innate immune 
responses from individual infected cells to non-infected 
neighbors, priming them to resist the spread of infec-
tion. However, while this communication is commonly 
attributed to secreted cytokines, the spatiotemporal de-
tails remain speculative, and the possibility of contact-
mediated communication unexplored.

Visualizing Innate Immunity:  
The Spatiotemporal Antiviral Response

Given the incomplete understanding of host in-
nate immune response propagation, our work 
here at the CEM involves using a stable ISRE-

GFP monoclonal reporter to explore the spatiotempo-
ral patterns of IRF3 activation in response to dsDNA 
stimulation, and to investigate the intercellular signal-
ing pathways between infected and non-infected cells 

for establishing an antiviral state. We found that dsDNA 
stimulation induces spatially heterogeneous responses 
characterized by the formation of multi-cellular colonies 
of IRF3 activated cells that collectively expressed more 
than 95% of critical secreted cytokines, including IFNβ 
and TNFα (Figure 2). Functional gap junctions are neces-
sary for the formation of these IRF3 active colonies and 
blocking gap junctions with genetic specificity limits 
the secretion of IFNβ and TNFα, and the corresponding 
antiviral state. Our findings describe a previously un-
known intercellular signaling pathway triggered by cy-
tosolic dsDNA sensing, and provide evidence that gap 
junction communication is critical for the amplification 
of antiviral and inflammatory responses. These findings 
place contact-dependent communication upstream of 
secreted cytokines, at the earliest stages of antiviral and 
inflammatory responses, and they offer gap junction 
communication as a novel mechanism for amplifying 
dsDNA-mediated innate immunity. 

Figure 2. ISRE reporters reveal dsDNA-induced spatiotemporal patterns.  Represen-
tative 5X (scale bar ~200 µm) and (b) 16X (scale bar ~120 µm) fluorescence images 
of reporters stimulated with poly(AT) for 24h. (c) Fluorescence time-lapse micros-
copy of poly(AT)-stimulated reporters with (d) a corresponding phase image of the 
confluent monolayer at 15h (scale bars ~200 µm). (e) Contour maps outlining auto-
mated colony identification at each time point. (f) Identification of dsDNA-sensing 
cells within ISRE-GFP colonies. ISRE-GFP reporters were stimulated with 2 µg/mL 
of complexed dsRED DNA and imaged 24 hours later by fluorescence microscopy. 
Representative fluorescence image of ISRE-GFP colony, with identification of dsRED 
DNA-sensing cell.
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Micro- and Nanotechnology for Viral Detection 
Grace Chen 

Current approaches such as quantifi cation of vi-
ral nucleic acids, proteins, or antibody titers are 
tedious and involve a separate technical staff  to 

perform these assays in a clinical setting, which limits 
widespread applicability.  In addition, these methods do 
not capture the nuances of distinguishing acute from re-
mote viral infection or monitoring disease progression.  
Advances in microfabrication and nanotechnology have 
now begun to play an important role in viral detection 
by improving the detection limit, operational simplicity, 
and cost-eff ectiveness of detecting intact viruses. A re-
cent review article by investigators at the CEM provided 
an overview of advances in the area, focusing especially 
on simple, device-based approaches for viral detection.  
The full article can be found in Analytical and Bioanalyti-
cal Chemistry, Vol 393 (2), 487-501, Jan 2009. 

Detection of Intact Viruses

As micro- and nanofabrication techniques ap-
proach the size range of viruses themselves, new 
classes of detection methods have emerged. De-

tection principles include optical, electrical, electrome-
chanical, and magnetic. Almost all of these methods use 
antibodies to viral surface antigens to impart specifi city 
for detection.  

In the electrical detection domain, a new class of nanow-
ire fi eld-eff ect transistors has been explored for biode-
tection. Nanowires can be functionalized against the 
virus of interest, and binding of a charged viral particle 
produces a depletion or gain of charge in the nanowires, 
which can be measured as a simple conductance change. 
Another conductance-based method takes advantage of 
the changes in conductivity when a polyaniline-labeled 
antibody attaches to a virus. The resistive pulse technique 
popularly used in Coulter Counters for cell enumera-
tion has also been adapted using nanopore fabrication 
technology to electrically measure viruses. The method 
gives very accurate quantifi cation and can have a high 
throughput for viral counting. However, in order for it to 
be a useful diagnostic, it must be combined with a purifi -
cation method that also imparts specifi city. 

In the optics domain, nanoparticles and quantum dots 
have been used by several groups to label viruses for de-

tection and quantifi cation by fl uorescent imaging. Sur-
face Plasmon resonance (SPR), a commercially available 
label-free method that detects refractive index change 
on metal surfaces due to biological binding, has been 
successfully adapted for detecting antibody-virus inter-
actions. Another label-free optical method uses Young’s 
interferometry to detect viral binding to an optical wave-
guide (Figure 3). 

Figure 3. Schematic diagram showing a Young’s interferometer used for viral detec-
tion.  Channels 1-3 indicate the measurement channel and 4 is the reference chan-
nel.  Ref. Ymeti A et al. (2007) Nano Lett 7:394–397 

Quartz crystal microbalance (QCM) is an established 
method for electromechanical mass sensing based on 
changes in resonant frequency as biomolecules attach 
to the functionalized piezoelectric chip surface. Re-
searchers have used this modality of operation for di-
rect mass sensing of viral particles. An improvement in 
sensitivity by three orders of magnitude was found by 
using device in a technique called rupture event scan-
ning, where vibrational energy from the actuated crys-
tal is used to rupture the virus, and the signal from the 
rupture event is detected. Resonance changes in micro- 
or nanomechanical cantilevers have also been used to 
measure viral binding. Viral attachment to antibodies on 
the cantilevers produces a drop in resonant frequency 
that can be measured and related to the concentration. 

Investigators at the MGH Center for Molecular Imaging 
have found that nanoassemblies of functionalized iron 
oxide particles that aggregate around viruses have much 
greater contrast when imaged with a table-top magnet-
ic relaxometer compared with non-viral associated par-
ticles in free solution (Figure 4). The technique displayed 
very high sensitivity and was able to detect as little as 
5 viral particles in 10 microliters of sample. The group 
has since developed a portable NMR (nuclear magnetic 
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resonance) detector which could make the technique 
feasible for point-of-care viral detection.  With the ad-
vent of these new tools we hope that simple, cheap and 
effective viral diagnostics can reach the clinic and pro-
vide better care for infected patients. 

Figure 4. Viral-induced nanoassembly of magnetic nanoparticles.  The nanoassem-
bly is detectable by magnetic resonance imaging.  Ref. Perez JM et al. (2003) J Am 
Chem Soc 125:10192–10193 
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Erkin Seker joined the Dynamic Cell 
and Tissue Microsystems group at the 
CEM in April of 2009. He received his 
PhD from University of Virginia in Elec-
trical Engineering, where he studied 
the mechanical and material proper-

ties of microfabricated nanoporous gold structures. His 
research at the CEM is currently focused on developing 
a microfluidic platform to study the dynamic response 
of primary cells to various stimuli in order to provide 
a better understanding of how cellular inflammation 
is mediated by heterotypic cell interactions. In his free 
time, Erkin enjoys traveling, mountain biking, and play-
ing the guitar.

Tania (Tali) Konry joined the Dynamic Cell 
and Tissue Microsystems groups at the 
CEM in April 2009. She received her PhD 
from Ben Gurion University, Israel in Bio-
technology Engineering focusing on bio-
optic devices.  In 2007, Tania was a post-

doctoral fellow at Tufts University, where she demonstrated 
a proof-of-concept method to detect both nucleic acid se-
quences and proteins in a single test using an optical fiber 
microsphere-array platform in combination with rolling cir-
cle amplification.  Her work at CEM will involve adapting mi-
crofluidic living cell array technologies for on-chip transient 
transfection stem cells to study the differentiation decisions 
that are made during embryonic development of the liver.
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NEW TO THE CEM
Name     From     Group
Erkin Seker    U of Virginia        Dynamic Cell and Tissue Microsystems 
Tania Konry    Ben Gurion U, Israel          Dynamic Cell and Tissue Microsystems 
Marta Fernandez Suarez  MIT          Microfabrication 
Jie Liu     Texas A&M        Microfabrication 
Nilay Chakraborty   UNC Charlotte      Cryopreservation 
Yun Seok Heo   U Michigan     Microfabrication 
Dina Tsukrov    Brown U      Microfabrication 
Anne Petrofsky   Northeastern U      Microfabrication 
Alessandra Moore         Hobart & William Smith Col.   Microfabrication 
Vijaykrishnan Ambravaneswaran  U Texas         Microfabrication 

RECENT DEPARTURES
Name    To
Srivatsan Kidambi        Research and Development Scientist, Hitachi, CA 
Kevin King    Resident, Medicine, Stanford University, Palo Alto, CA 
Kenneth Roach   Medical Student, Tufts University, Boston, MA

CENTER FOR EXPLORATION OF MOUNTAINS 
François Berthiaume 
fberthiaume@hms.harvard.edu 

Again this summer we have planned a number of trips at a frequency of approximately one every other week, except 
for August. The list of trips and tentative dates is below. Although many of them involve overnight hikes, it is possible to 
join the first part of these trips as a day hike. Before each trip, a description is sent to the “other CEM” e-mail list (if you 
would like to be added to this list, send a message to fberthiaume@hms.harvard.edu). These trips are open to anyone… 
Bring your friends along! For the rest of the year, we have a few more trips scheduled, which can be checked out on the 
website http://cem-outdoors.blogspot.com/. 

Grafton Loop, ME - Backpack 
May 22 - 25  

This moderate 35+ mile loop encompasses the latest stretch of 
hiking trails cut in the White Mountains, which was opened in 
June 2007. Day hikers can join on sections of this trip. 

Great Gulf Wilderness, White Mountains, NH - 
Backcountry Camping  
June 19 - 21  

From base camp in the Great Gulf, day hikes to the high peaks 
of the northern Presidential Range in the White Mountains. 
Join the group at any time on this summer solstice trip! 

Saddleback Range, ME - Backpack  
July 2 - 5  

A rugged and scenic 32-mile backpacking adventure along 
the Appalachian Trail in Maine. This route goes over four 
summits that boast significant areas above tree line, and 
includes two major river crossings! Our second attempt at this 
hike, hoping for better weather this time... 

Nancy Cascades & Mount Carrigain Loop, White 
Mountains, NH – Backpack  
July 17 - 19  

A 17-mile weekend loop that takes in several ponds and ledges 
with encompassing views, and the steep North face of Mount 
Carrigain, which boasts one of the finest views in the White 
Mountains. The first part can be done as a day hike. 
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Few pictures from last year’s hiking season: 

Carter-Moriah Range, ME - Backpack  
Sept. 4 - 7  

A classic traverse. This was one of our popular areas at 
the beginning of the other CEM, but we haven’t been 
there in years, so it’s time to go back! 

Mount Isolation and Dry River Wilderness, 
NH - Backpack  
Oct. 9 – 12  

One of the rare quiet spots in the White Mountain 
National Forest. 

9

Franconia Ridge 
White Mountain National Forest, NH 

Gulf Hagas, ME 

Mary-Jo Wilderness, ME Baxter State Park, ME 
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Biomedical Science & Engineering
Fall 2009 Seminar

September 25
George Baffy, MD, PhD
Gastroenterology, VA Medical Ctr.
Lipid-Mediated Mechanisms in NAFLD Progression

October 16
Arup Chakraborty, PhD
Chemical Engineering, MIT
How T Cells See Antigens: Implications for Elite Controllers of HIV

October 30
Lee Kaplan, MD, PhD
Weight Center, MGH
GI Regulation of Metabolic Function: Lessons Learned from the O.R.

November 6
David Cohen, MD, PhD
Hepatology, BWH
Phosphotidylcholine Transfer Protein: Linking Metabolism to Membranes

November 13
Klavs Jensen, PhD
Chemical Engineering, MIT
Microsystems for Accelerating Chemical and Biological Studies

December 11
David Root, PhD
RNAi Consortium, Broad Institute
RNAi & Integrated Genomic Approaches to Cancer & Immunology

December 18
Brock Reeve, MPhil, MBA
Harvard Stem Cell Institute, Harvard U
An Overview of HSCI: From Bench to Bedside and Back

LOCATION: 4th Floor Conference Room
Shriners Burns Hospital, 51 Blossom Street, Boston

TIME: Fridays, 10:00 AM -11:00 AM
Co-Sponsored by the Center for Engineering in Medicine 

&
The Shriners Burns Hospital.

For more information, please contact 
Ilana Reis at 617-371-4882 or cemmail@sbi.org


