
Optical molecular imaging for early detection of cancer

Abstract: We describe a comprehensive strategy to develop inexpensive, rugged and portable
optical imaging systems for molecular imaging of cancer, which couples the development of
optically active contrast agents with advances in functional genomics of cancer.

Progress toward a molecular characterization of cancer would have important clinical benefits, including (1)
detecting cancer earlier based on molecular characterization, (2) predicting the risk of precancerous lesion
progression, (3) detecting margins in the operating room in real time, (4) selecting molecular therapy rationally and
(5) monitoring response to therapy in real time at a molecular level.  While molecular markers can be visualized in
vitro using complex immunohistochemical staining protocols, there is an important need to image the molecular
features of cancer in vivo.   Imaging the molecular features of cancer requires molecular-specific contrast agents
which can safely be used in vivo as well as cost-effective imaging systems to rapidly and non-invasively image the
uptake, distribution and binding of these agents in vivo.

Here we describe the general approach our group has taken to solve this problem and describe initial results obtained
using optically active contrast agents to image the expression of three well known molecular signatures of neoplasia:
including over expression of the epidermal growth factor receptor (EGFR), matrix metallo-proteases (MMPs), and
oncoproteins associated with human papillomavirus (HPV) infection.  This same approach can be used to develop
contrast agents to image the expression of promising new biomarkers.  For example, SAGE libraries can be used to
identify novel targets for contrast agent development from the pool of genes differentially expressed in early
neoplasia.  Alternatively, in vivo phage display can be used to identify peptides that specifically bind to the surface
of neoplastic cells and tumor vascular endothelium in target organ sites.  Discovering new biomarkers and
developing techniques to image their expression in vivo could be particularly useful for monitoring response to
therapy.

At the same time, we are developing inexpensive, portable optical systems to image the morphologic and molecular
signatures of neoplasia noninvasively in real time.  We are developing systems to image both reflected light and
fluorescent light at two spatial scales: (1) confocal microscopy, with micron resolution to image cell morphology
from a small field of view and (2) multi-spectral digital imaging with mm resolution to image tissue morphology
from large fields of view.  These systems can assess both native optical contrast as well as that afforded by optically
active contrast agents.  These real-time, portable, inexpensive systems can provide tools to characterize the
molecular features of cancer in vivo.

Our contrast agents consist of three parts: (1) a probe molecule which provides molecular specific recognition of
cancer biomarkers conjugated to (2) an optically interrogatable label in (3) a mucoadhesive, permeation enhancing
formulation.  In our work, we are testing three different types of optically active labels, including metal
nanoparticles, quantum dots and organic fluorescent dyes.  We are pursuing two types of molecular probes:
monoclonal antibodies against cancer specific biomarkers and peptides which bind selectively to cancer specific
biomarkers.  With this approach, we can significantly expand the number of molecular changes that can be probed
using optical imaging.  In this paper, we describe contrast agents based on metal nanoparticles, organic fluorescent
dyes and quantum dots coupled to monoclonal antibodies against cancer related biomarkers.
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