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FROM THE EDITOR
Zak Megeed – zmegeed@hms.harvard.edu

The past year has been an ex-
tremely active period at the CEM, 
with the creation of a new confer-
ence, the acquisition of additional 
laboratory space and equipment 
that will further expand our ca-
pabilities, and the initiation of research thrusts in 
several new areas.

The CEM recently took the lead in organizing the 
first annual Methods in Bioengineering Conference, 
which was held on July 17 and 18, at the MIT Kresge 
Auditorium. The conference, organized by Yaakov 
(Koby) Nahmias, featured a number of talks from 
faculty working at the cutting-edge of biomaterials, 
microfabrication, and tissue engineering. Over 300 
people attended the symposium, providing an excel-
lent opportunity for members of the bioengineering 
research community to interact with each other and 
learn more about new techniques available for an-
swering biological questions.

We also recently acquired new laboratory space in 
Building 114 at the Charlestown Navy Yard campus 
of Massachusetts General Hospital. This space, lo-
cated directly above the existing laboratory and mi-
crofabrication facility, essentially doubles our foot-
print in Building 114 and affords us the opportunity 
to expand the center and increase the frequency and 
quality of our interactions with many of the excellent 
scientists already based in the Navy Yard. The Mo-
lecular and Nanosystems Bioengineering research 
group is currently busy outfitting the new laboratory 
for their research and, as part of this process, has 
recently acquired a new Biacore surface plasmon 
resonance instrument, greatly enhancing the capa-
bilities of CEM investigators to characterize biomo-
lecular interactions. Some of the new nanomedicine 
efforts underway in the group, initiated by Kaushal 
Rege, a CEM Research Fellow, are featured in this 
issue of the Communiqué.

In addition, an entirely new research group has been 
formed that is focused on understanding and treat-
ing dry macular degeneration, for which there is 
currently no treatment. Members of the group are 
evaluating novel laser-based and biological tech-

niques to perturb  retinal pigmented epithelial cells 
and induce a regenerative response in the macula.

Finally, congratulations to Sihong Wang for recent-
ly accepting a tenure-track faculty position at City 
University of New York and to Koby Nahmias on 
his recent internal promotion to Research Associate 
at the CEM.

At this pace, it will be very exciting to see what the 
rest of 2006 brings!

If you would like to make a contribution to the CEM 
Communiqué, please contact Ilana Reis at ireis@
sbi.org.

NEW MEMBER PROFILE
Heidi Elmoazzen joined the bio-
preservation research group at the 
CEM in February of 2006.  Heidi 
received her PhD in Medical Sci-
ences from the University of Al-
berta where she studied cryobiol-
ogy and osmotic transport across cell membranes.  
Her research at the CEM is currently focused on 
preservation of mouse sperm using desiccation as 
well as the preservation of other mammalian cells 
using vitrification.  In her free time, Heidi enjoys 
traveling, soccer, dancing and painting.

ENGINEERING ADVANCED 
DIAGNOSTICS AND 
THERAPEUTICS FOR 
METATSTATIC PROSTATE 
CANCER
Kaushal Rege – kaushal_rege@hms.harvard.edu

In 2003, the National Cancer Institute (NCI) iden-
tified prevention, understanding the causes and 
mechanisms, early detection, diagnosis, and effi-
cient and effective treatments as parts of its strategic 
objective to “preempt cancer at every opportunity.” 
Historically, radiation therapy and surgery have 
been the preferred modes of treatment against can-
cer disease. However, treatment options, including 
chemotherapy, have met with only modest suc-
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CENTER FOR EXPLORATION OF MOUNTANS
François Berthiaume – fberthiaume@hms.harvard.edu

The Center for the Exploration of Mountains (the other CEM) recently organized a very 
successful hike in Adirondack Park, New York.  We covered 27 miles of rolling terrain over 
four days, which included mountain summits with extensive views and a few lakes.

Three people from Shriners, Francois Berthiaume, Yoko Tanimura, and Carolina Cabral 
were joined by CEM alumnus Harihara Baskaran, Assistant Professor at Case Western Uni-
versity in Cleveland, his graduate student Vijay Janki, and another CEM alumnus, Perla 
Issa, who just completed a Master’s program at Georgetown University in Washington, DC.  
Two of Perla’s friends (Pieter Mumm and Karim Sadek) from Washington joined us in the 
middle of the hike.

The other CEM is planning several exciting hiking trips for the remainder of this year.  Bring your friends along!  Before each trip, a sign-up sheet is 
posted on the bulletin board on the 2nd floor of Shriners Hospital near the entrance to the lab.  In addition, 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). A trip schedule can be downloaded at 
http://cem-outdoors.home.comcast.net/.

NEW TO THE CEM (continued)
Chia Hsien Hsu  U Washington Microfabrication
Halong Vu  U Illinois Mol. & Nanosys. Bioeng. 

Students / Technicians
Marco Avila  MIT  Metab. & Transplantation
Marshal Doughty  Northeastern U Cryopreservation
Halime Kenar  METU, Turkey Biopreservation
Jack Milwid  MIT  Mol. & Nanosys. Bioeng. 
Ranjan Sitaula  U Mass  Cryopreservation
Deniz Yucel  METU, Turkey Biopreservation
Helena Zec  WPI  Microfabrication

RECENT DEPARTURES  
Arthi Amin    Graduate Student, Drexel University
Laurent Barbe    Fellow, KTH, Royal Institute of Technology, Sweden
Rachel Bareither    Process Engineer, Merck
Olivier Guenat    Assist. Prof. Physics, l’École Polytechnique de Montréal
Ioannis Kramvis    Children’s Hospital, Boston, Neuroscience
Kazuhiko Sekine    Surgery, Saiseikai Kanagawaken Hospital, Japan

RECENT PUBLICATIONS
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cess in cases where the disease has spread (metastasized) to distant 
organs from the site of the primary tumor. Biological therapeutics 
are a relatively new family of cancer therapeutics that include cancer 
vaccines, cytokines, antibodies, and vectors for cancer gene therapy. 
The Cancer Nanotechnology Plan, announced by the NCI in 2004, 
seeks to “harness the power of nanotechnology to radically change 
the way we diagnose, treat and prevent cancer” in order to build on 
the present arsenal in the “war against cancer.” In response to this 
challenge, CEM investigators have initiated several interrelated re-
search programs focused on engineering biological and nanoscale 
cancer therapeutics, with a focus on enhancing their efficacy and 
selectivity, and discovering new mechanisms for the ablation of can-
cer cells.

Advanced Prostate Cancer Disease
Prostate cancer is the most common malignancy affecting men and 
the second-leading cause of cancer death in men; approximately 
30,000 deaths occur every year in the United States due to the dis-
ease. Localized prostate cancer is generally treated with surgery 
(radical prostatectomy), radiation therapy, or cryotherapy. However, 
disease relapse after surgery is a common occurrence; as many as 
48% of patients undergoing radical prostatectomy will suffer a recur-
rence. Currently, patients with recurrent, locally-advanced, or meta-
static prostate cancer are treated by androgen deprivation, alone or 
in combination with local therapy. Although most patients initially 
respond to androgen deprivation, a large number of patients experi-
ence disease progression and develop androgen-independent pros-
tate cancer. The outgrowth of metastatic disease from these cells, 
resistant to conventional therapies such as radiotherapy, is the major 
cause of death in prostate cancer, and currently there is no effective 
therapy that significantly increases survival in these cases. There-
fore, there is significant impetus for the discovery of site-specific 
therapeutics for the eradication of residual disease and metastasis 
in advanced prostate cancer. We have undertaken a multi-pronged 
strategy for the development of biological and nanoscale therapeu-
tics to treat advanced prostate cancer disease.

Targeted Biological Therapeutics
At the end of the nineteenth century, Paul Ehrlich envisioned anti-
bodies as ‘magic bullets’ that would specifically seek and destroy tu-
mor cells. In this paradigm, targeted biological therapies generally 
exploit tumor-associated proteins expressed on the surface of cancer 
cells. These proteins act as docking sites (receptors) for their respec-
tive ligands which can be modified to deliver a toxic payload spe-
cifically to cancer cells. The Prostate-Specific Membrane Antigen 
(PSMA) is a cell-surface receptor that is over-expressed in all stages 
of prostate cancer disease and potentially renders a high degree of 
selectivity for delivery to prostatic tumor cells. The expression of 
the protein increases in cases of advanced androgen-independent 
disease and metastasis, thus making the receptor an attractive tar-
get in prostate cancer therapy. We are investigating PSMA-specific 
targeting peptides and antibodies as vehicles to deliver cytotoxic 
peptides specifically to PSMA-expressing prostate cancer cells. Our 
results (Figure 1) indicate that sub-micromolar concentrations of 
antibody-cytotoxic peptide conjugates result in extensive death of 
PSMA-expressing prostate cancer cells in vitro while cells that do 
not express PSMA survive the treatment. We are currently collabo-
rating with researchers at Beth Israel Medical Deaconess Medical 
Center to evaluate these constructs in vivo. 

Figure 1. Phase contrast and fluorescence microscopy images of LNCaP 
human prostate cancer cells treated with (a) aqueous buffer (PBS), (b) 
unconjugated antibody, and (c) cytotoxic peptide-conjugated antibody. 
Cellular morphology (top panels) and ethidium homodimer staining 
indicate LNCaP cell death when treated with 0.4mM peptide-conjugated 
antibody but not when treated with 0.4mM unconjugated antibody or 
equivalent volume of buffer for 72h.

Quantum Dot – Peptide Assemblies 
Nanomedicine marries the potential of nanotechnology with the rapidly 
progressing understanding of molecular and cellular biology, resulting 
in new therapeutics and diagnostics. Researchers at the CEM are ex-
ploiting the fusion of organic and inorganic nanotechnology to generate 
nanoscale constructs capable of simultaneously detecting and destroy-
ing prostate cancer cells. As part of this approach, we are collaborat-
ing with researchers from the Naval Research Laboratories to generate 
multi-functional quantum dot-polypeptide constructs for the selective 
ablation and imaging of cancer cells. Quantum dots (QDs) are colloidal 
semiconductor nanocrystals with size-dependent absorption and emis-
sion properties. QDs are available in a large number of well-separated 
‘colors’ all of which can be excited by a single wavelength and a wide 
variety of conjugation chemistries are available for surface modifica-
tion with peptides, oligonucleotides, and antibodies. At the CEM, we 
have developed strategies to self-assemble PSMA targeting peptides 
(PTPs) onto the surfaces of quantum dots (Figure 2). 

Figure 2. Schematic of self-assembly of PSMA-targeting peptides (blue) 
and cytotoxic peptides (red) on cadmium Selenide (CdSe) QDs. The 
assembly is mediated by the chelation of histidine tags (green) on the 
Zn+2 coating (light blue) on QDs (red).

The QD-PTP assemblies specifically bind PSMA-expressing LNCaP 
cells but not PSMA-negative PC3 cells, indicating that the binding is me-
diated by the interaction of the targeting peptide with PSMA (Figure 3). 

Figure 3. QD-PTP assemblies bind preferentially to PSMA positive 
LNCaP cells (a) over PSMA negative PC-3  cells (b).

In addition, we have developed novel recombinant peptides that are able 
to transport quantum dots inside human prostate cancer cells (Figure 
4). These results have implications for the simultaneous detection and 
treatment of metastatic prostate cancer. We are currently building on 
this approach to self-assemble cytotoxic peptides on QDs, with an eye 
towards generating multi-functional constructs that possess targeting, 
detection, and therapeutic capabilities on a single nanoscale platform. 

Figure 4. Representative images of intracellular uptake of QD-peptide 
assemblies by human prostate cancer PC3-PIP cells. 

Genetically Engineered Protein 
Nanoparticles 
Another nanoparticle-based therapy that we are investigating is the use 
of self-assembling, protein-based nanoparticles based on the elastin-like 
polypeptide (ELP) family (Figure 5). These polypeptides self-assemble 
in an environmentally-responsive manner to produce nanoparticles with 
well-defined sizes and low polydispersity. Using recombinant techniques, 
we have produced nanoparticles with functionalized surfaces displaying 
pro-apoptotic peptides. Preliminary results from these studies indicate 
that the cytotoxic peptides displayed on the surface of the nanoparticle 
have enhanced potency in comparison to the free peptide. We are cur-
rently investigating whether multivalent display of the peptides is respon-
sible for the enhanced potency and incorporating other functional motifs, 
such as targeting ligands, into the particles.

Figure 5. Self-assembly of genetically engineered nanoparticles based on 
elastin-like polypeptides (ELPs). ELPs are mixed and the temperature is 
raised above a transition temperature (Tt), inducing coacervation. Particles 
can be stabilized by disulfide formation using cysteine residues.

Intercellular Translocating Peptides
Finally, we are studying the ability of VP22, a peptide derived from the 
herpes simplex virus (HSV) tegumet protein, to enhance the delivery of 
protein and peptide therapeutics to solid tumors. VP22 promotes intercel-
lular transport of fusion partners, enabling cell-to-cell transfer of thera-
peutic moieties. While the mechanism of transport is not clear, VP22 
fusions accumulate in the nuclei of cells that have received the peptide 
via intercellular transfer. Currently, mass transfer in solid tumors is a 
major issue that severely limits access of macromolecular therapeutics to 
tumor cells. Exploiting the intercellular transfer properties of VP22 may 
address this problem, promoting penetration of therapeutics deeper into 
the tumor and resulting in more effective therapies.

FIRST ANNUAL METHODS IN 
BIOENGINEERING CONFERENCE IS A 
ROARING SUCCESS 
The CEM and the Harvard – MIT Division of Health Science and Tech-
nology hosted the First Annual Methods in Bioengineering Conference, 
July 17th - 18th 2006, at the MIT Kresge Auditorium. The conference 
showcased state-of-the-art technology from three NIH-funded Resource 
Centers: The BioMEMS Resource Center (BMRC) at MGH, the Tissue 
Engineering Resource Center (TERC) at Tufts, Columbia and MIT, and 
the Center for Integrated Polymeric Biomaterials (RESBIO) at Rutgers. 
The event drew more than 340 attendees, 13 exhibitors and over 55 poster 
presentations. Representatives from academia included graduate students, 
postdoctoral fellows, and faculty representing over 40 institutions through-
out the United States and abroad. Highlights of the conference events 
included lectures from prominent investigators and a one-day intensive, 
hands-on microfabrication and microfluidics workshop following the con-
ference. The conference was co-sponsored by Annual Reviews, BOSE, 
and the Tissue Engineering journal.

NEW TO THE CEM
Visiting Professor
Rashid Bashir   Purdue U Microfabrication

Instructors
Quan Zhang  MGH  Macular Degeneration

Postdoctoral Fellows
Yevgeny Berdichevsky UC San Diego Mol. & Nanosys. Bioeng.
Chen Chihchen  U Washington Cryopreservation
Jon Edd   UC Berkeley Cryopreservation
Heidi Elmoazzen  U Alberta Cryopreservation
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