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Background. We have made complete active (transistorized) circuits on the
stretchable, compliant silicone PDMS as a precursor to an elastic, skin-like,
electronic surface. Implants such as electronic skin and prosthesis/stump interfaces
will be enabled by an electrode technology that provides both, electrical and
mechanical matching. However, it turns out that stretchable electrodes in itself
(without the transistors) have many useful applications.

Description of the innovation. Metal electrodes made on the elastomer poly
dimethyl siloxane (PDMS) can be stretched and relaxed reversibly by 50% or more
while remaining electrically conducting. The fabrication of these metal electrodes
requires much technology development, because the standard microfabrication
process chemicals often are not compatible with the PDMS elastomer. We are
resolving major issues of metal patterning, adhesion of the encapsulation layer,
opening electrode windows, and mounting of the PDMS on a temporary carrier
substrate.

Potential commercial applications. As an early application we are developing a
stretchable microelectrode array to study brain cell trauma conducted by Prof.
Barclay Morrison III of Columbia University’s Department of Biomedical
Engineering. A brain cell tissue culture on the array can be stretched suddenly, to
mechanically shock the cells in a model of traumatic injury. The array combines two
features: it makes electrical contacts to the brain cell culture, and it has similar
mechanical properties. Therefore the cell culture and the array can stretch and relax
together. The purpose of this project is to find drugs that can prevent the slow cell
death after a traumatic brain injury.

Another application of this technology is the simultaneous application of mechanical
stress and electrical stimulation to a cell culture, e.g. to study the effect on the
differentiation of stem cells or the growth of neurons. Currently available devices can
either electrically monitor and stimulate cells or mechanically stress them. No
devices are available that can do both at the same time.

Status of the work and future plans. We have prepared prototypes of stretchable
microelectrode arrays that were able to detect spontaneous, stimulated and
epileptiform action potentials of hippocampal brain cells.

Our future plans are to detect action potentials during and after injury of the
hippocampal tissue, to increase the number of electrodes per array and to improve the
overall reliability of the process
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(a) Background of the Invention Supported by a grant from Halliburton Energy Services
to investigate a viscosity modifier for fracture fluids, we have developed a microfluidic device
that allows the controlled and efficient production of polymer based vesicles termed “polymer-
somes”. Polymersomes are spheres defined by a bilayer skin composed of amphiphilic polymers
(block copolymers). In comparison to liposomes, polymersomes are far more robust, have lower
' membrane permeability, greater stability,
and are more amenable to chemical modifi-
cations. They range in size from tens of
nanometers to tens of microns. The figure
to the left is a schematic of a polymersome
(in 2D) with typical membrane dimensions.
Polymersomes have a lifetime that is de-
pendant on several factors, including the
thickness of the skin (number of bilayers)
as well as the polymer molecular weight. With the current technology for producing polymer-
somes, illustrated below, properties such as the size, morphology, and skin thickness are a result
of a “budding off” process and vary widely. Loading of the polymersomes is highly inefficient.
No control beyond the polymer employed is possible.

(b) Description of the innovation We have developed a new method, based on microflu-
idics, for producing polymersomes that allows the control of skin thickness and polymersome
size while achieving the complete encapsulation of a desired material. Our microfluidic method
consists of several independently controlled fluid flows. By varying the flow rates, the size,
number of bilayers (skin thickness), and loading of the polymersomes can be controlled.

(c) Potential commercial applications The pro-
posed applications of these materials range from drug de-

livery to cosmetics. The permeability (for the release of £
fragrances or other molecules) and the lifetime of the po- Q- !
lymersome (for controlled release of the encapsulated fla- y A ,
vors or drug) can be controlled in our method. Thus, for ’ Y =
example, flavors could be incorporated that would be pro- o2 A=
tected from oxygen (and thus degradation) while being ¢
released by the shear caused by chewing. Fragrances could - <
be included with their diffusion rate out of the polymer- .

e

some controlled by varying skin thickness. The polymer- = —
some serves as a container, and with our method, allows
the container contents to protected and released in a controlled manner.

(d) Status of the work and future plans We have recently had a patent issued and a paper
accepted for our work to form polymersomes by a solvent injection method funded by Hallibur-
ton. The microfluidics technique is currently not patented although a provisional patent has been
filed (not associated with Halliburton). We are currently working with collaborators at Rutgers
University to apply polymersomes as gene delivery vectors. Several grant proposals are pending
for future work to apply the system for controlled release in biological systems and to develop a
commercially viable prototype microfluidic device.
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Background Modern technologies make extensive and broad use of the electromagnetic spectrum that spans from ultra-
violet light through the radio bands. The mid-infrared, nestled within this electromagnetic medium, has seen only minimal
technological development. Why is the mid-infrared even important? The key is sensing. By using mid-infrared light,
scientists within the last decade have developed the ability to detect the presence of specific molecules with unprecedented
sensitivity and flexibility. Imagine the ability for Federal and local governments to broadly deploy cost-efficient detection
systems for biological and chemical weapons, with explosives detection thrown in as a bonus. In five to ten years, you won’t
have to imagine; you’ll be able to see this technology in action, say at your football team’s next home game. And this
example is just a start. There are countless situations whete the need to detect the presence of chemicals is critical, but the
present-day technology is either too cumbersome to be effective or doesn’t even exist yet. Some of these potential
applications span such diverse areas as health care, environmental monitoring, homeland security, and the military.

So if the mid-infrared is so important, why hasn’t it been developed already? Here’s the deal: to develop regions of the
electromagnetic spectrum, you have to have a good way to produce that specific type of light. Some types of light have
proven easier to make than others. Oscillating electrons in wire antennas that produce radio waves were developed over a
century ago. The telecom lasers that beam our internet information packets have a history that dates some 30 years before
they reached maturity in the mid “90s. It was only in 1994 that a commercially viable mid-infrared light source versatile
enough for a broad range of applications was invented. This light source, originally developed at Bell Labs, is now known as
the Quantum Cascade (QC) laser.

Description The QC laser is at the cusp of commercial implementation, and it is the core technology of our company. A
semiconductor laser similar to telecom lasers and those found in your typical laser pointer, these mid-infrared lasers have
output powers hundreds of times greater than the typical laser pointer. Using hundreds to
thousands of atomic-scale layers of two different semiconductor materials, we are able to
precisely engineer quantum wells to output light in the wavelength range of 3 to 30
microns—spanning the entire mid-infrared spectrum. Within this wavelength range, nearly
all molecular species have unique “finger prints,” or specific wavelengths of light that each
absorbs. By detecting if certain wavelengths of light are being absorbed, we can determine
which molecular species exist in a sampled environment and in what quantity, with up to
patts per trillion sensitivity. These detection systems will be compact, cost-efficient, and
operable by people with zero or minimal training,

We are experts in QC laser design, fabrication, and performance evaluation. As graduate
students in Prof. Claire Gmachl’s research group, the QC lasers we are developing are some A single quantum cascade laser,
of the most advanced devices in the world. We either hold or have direct access to much of smaller than a human hair.
the intellectual property that will drive the first generations of QC laser-enabled devices. The company will furthermore be
positioned to develop itself—and through strategic partnerships capitalize on—future advances in QC laser technology.

Potential Applications As we described above, detection of WMDs and explosives is just one application for QC laser
technology. Breath analysis using a QC laser platform is currently being developed by doctors at Johns Hopkins University.
Such a system would give doctors and patients convenient and real-time information that currently requires blood tests. The
technology could be as pervasive as a QC laser in every doctot’s office, and eventually one for every patient with diabetes, a
recent transplant, and countless other medical conditions.

Governments, research institutions, and private companies alike all have interests in environmental monitoring.
Whether it’s greenhouse gases or toxic chemicals in the workplace, there are many situations where stakeholders have a need
to know “what” and “how much.” QC technologies promise to be affordable enough to deploy large arrays of detection
systems for wide-area monitoring,

In addition to molecular detection, other military applications include countermeasures and laser range finding. The QC
laser is the central component and key enabling technology for each of these applications. Today, commercialization of the
QC laser is in its infancy; we’re on the “ground floor” for the mid-infrared.

Status of work and future plans We are prepared to launch our company immediately. Initially, we will provide laser
design services to targeted clients who are developing applications that rely on QC laser technology. Within the year, we will
be applying for SBIR grants both to further develop the QC laser itself as well as to develop systems that capitalize on its
use. We are currently pursuing patent protection for our already-developed intellectual property.
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Breast cancer is the leading cause of female mortality from malignant diseases in the industrialized
world. Most breast cancer related death are not due to cancer at the primary site, but rather due to the spread
of cancer cells from their sites of origin to distant secondary sites, a process that is often referred to as
metastasis. Breast cancer metastases can emerge in a variety of organs including bone, lung, lymph node,
liver and brain. This is often an incurable condition that leads to the death of approximately 40,000 US
women annually. Due to its paramount clinical significance, much effort has devoted to explore the
molecular mechanism of cancer metastasis. Several groups have reported the identification of gene
expression signatures that can predict the likelihood of metastasis and poor survival of breast cancer patients.
However, very few overlaps exist among different poor-prognosis signatures and it is unclear whether genes
among the poor prognosis signatures are functionally important for promoting cancer progression and
metastasis. Consequently it is difficult to design targeted therapeutics based on such gene signatures. To
address this problem, our laboratory have collaborated with other scientists in Princeton University and the
Cancer Institute of New Jersey to apply an integrated genomics strategy to identify functionally important
metastasis genes by combining molecular biology and computational genomics tools with animal cancer
models and clinical tumor sample analysis.

Genomic alterations, including DNA copy number gain and loss, are known to be the key events
leading to cancer initiation and progression. DNA copy number alterations (CNAs) have been observed in a
wide range of human malignancies. The carcinogenic role of CNAs is mediated by the altered expression of
the affected genes. It has been found that the expression regulation of a number of oncogenes or tumor
suppressor genes, including Myc, CCNDI1, ERBB2, EGFRI, RB, and Tp53, could be disrupted by CNAs in
breast cancer. Detecting CNAs that are associated with poor prognosis of breast cancer patients may allow us
to zero in on important metastasis genes that reside in these chromosomal positions.

Various techniques have been developed to detect genomic alterations, including fluorescence in situ
hybridization (FISH), comparative genomic hybridization (CGH), arrayed CGH (aCGH) and SNP
genotyping. Detection of genomic alterations by expression microarray analysis is also desirable, because of
the large availability of gene expression profiling data and the more function relevance of the CNAs detected
by such approach to cancer gene disregulation. Accurate detection of CNAs using expression analysis,
however, is technically challenging, because gene expression data is the reflection of multiple expression
regulating factors besides genomic alterations.

We present a new computational approach to detect genomic alterations by microarray expression
analysis. The approach was first validated in multiple datasets of mouse and human cells. We then applied
this method to three published expression datasets of human breast cancer and identified a consensus region
of genomic gain at 822 in metastatic tumors, which was verified in micro-dissected breast tumors and in
breast cancer cell lines by quantitative PCR (qQPCR). We further identified and validated a metastasis gene,
metadherin (MTDH), in this region using an animal metastasis model and clinical studies of human breast
tumor specimens. Metadherin mediates the attachment of breast cancer cells to the surface of blood vessel in
the lung and promote lung metastasis. Human breast cancer patients have a much shorter metastasis-free
survival rate (p=0.006) if their tumors express high level of metadherin.

Commercial Application 1) Software: The software used in this study is available for licensing and
can be apply to any DNA microarray platform for the analysis of CNAs or long-range epigenetic
modifications associated with a particular phenotype (Princeton University has applied for patent protection
for the algorithm and software). 2) Metadherin as therapeutic target: We have validated Metadherin as
an important target for anti-metastasis therapeutics. Our ongoing research will identify MTDH receptor on
human lung endothelial cells.
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Summary — We have developed a content distribution network, CoBlitz, that can simultaneously handle data sizes
spanning several orders of magnitude, from 10 kilobyte images to 10 gigabyte movies. This system has been in
noncommercial operation on PlanetLab for two years, serving groups such as the University Channel, Fedora Core
Linux, and the CiteSeer Digital Library. It averages 1 terabyte of data transfer per day, but has peaked as high as
5 terabytes/day, and 1.4 gigabits per second. By automating the process by which organizations are allowed to use
CoBlitz, we can enable on-demand content distribution, eliminating the sales overhead that prevents large numbers
of smaller organizations from using such services. Our approach is analogous to how Google found a previously
untapped revenue stream with its AdWords program.

Background — Content distribution networks (CDNs) place computers at multiple locations around the world and
copy (cache) the content from the Web sites of their customers. When end-users want to browse the site, they are
redirected to one of these caches instead of the actual Web server. By moving the content to more machines, the
CDNs can handle more capacity, and they can find machines closer to the end-user. The leader in the field is Akamai,
which started by offering purely content distribution, but has now moved upmarket into more managed services. Their
average customer pays about $10K/month for their services.

Our Work — Traditional Web CDNs have been optimized for Web-sized transfers, with an average of 10-20 kilobytes.
These companies often maintain a separate infrastructure for handling large files. Our CDN, CoBlitz, is designed to
efficiently handle large files using the same infrastructure as it uses for regular files. It does this by splitting the large
files into pieces and sharing them across machines, much like how the BitTorrent system operates. However, unlike
BitTorrent, all of our logic is implemented on the CDN itself, which means that it can operate seamlessly with regular
Web servers and Web browsers, without requiring any software modification or installation. This approach is also
more appealing than a separate CDN infrastructure for large files, since it simplifies management, improves resource
utilization, and reduces maintenance effort.

We have been running CoBlitz for over two years on 400 nodes of the PlanetLab research network, and we have
been serving noncommercial organizations such as the University Channel (audio and video files in the 10 MB range),
Fedora Core Linux (software downloads in the 1 GB range), and the CiteSeer Digital Library (academic papers in the
1 MB range). Our daily traffic averages 1 Terabyte, and our peak bandwidths, which have occurred when serving new
Fedora Core releases, have exceeded 1.4 Gbps, with sustained levels over 1 Gbps. All of this occurs with very little
oversight — we typically spend less than 3 hours per week managing the system manually.

Commercial Potential — A number of technologies are increasing the peaks of demand that content providers expe-
rience: (1) Broadband customers expect to download content in a shorter time period, causing a higher peak demand
per customer. (2) With RSS feeds (including podcasts, etc.), more clients will automatically download content as
soon as it becomes available, causing more synchronized peak demand. (3) People are moving away from proprietary
“real-time streaming” protocols and their constant buffering problems and toward “bulk download” formats like those
employed by YouTube, making it more feasible to serve large content over the standard HTTP (Web) protocol.

To handle these peak demands, Web sites either have to buy enough excess capacity from their ISP, or employ a
commercial CDN service. The problem with buying excess capacity is that during non-peak periods, it may see only
10% utilization, which means that the money spent on it is wasted. However, these smaller sites may not be able to
commit to the monthly levels required by large CDNSs.

We propose to use CoBlitz in an “on-demand” model, where sites can purchase CDN capacity without requiring
any human interaction. By using a credit card for payment, and specifying the content information online, CoBlitz
will automatically start caching and serving whatever content is requested. This approach eliminates the need for
minimum commitments, and eliminates salespeople, allowing even small purchases to be profitable. This model is
inspired by Google’s AdWords program, where purchasers simply specify the keywords associated with their ads, and
provide payment information. These ads are the sponsored links on the right side of the Google search results, and
represent a revenue stream that was untapped by previous search engines. The opportunity for a new CDN is that these
lower-volume customers can be served profitably, without cannibalizing an existing higher-margin business.





