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In this issue of Cancer Biomarkers, we discuss the
emergence of novel molecular probes and endoscopic
instruments for performing targeted imaging of neo-
plasia in the digestive tract. The digestive tract is an
ideal place to develop these emerging methods, in par-
ticular for clinical applications because these hollow
organs are easy to access with endoscopy and exoge-
nous probes can be topically applied safely. The role
of imaging is becoming ever more important as a clin-
ical tool for assessing cancer biomarkers. Spatial in-
formation provides a powerful resource to guide tis-
sue biopsy, stratify risk patients, monitor therapeutic
response, and assess tumor recurrence. Moreover, we
have recently experienced greater understanding of the
sequence of genetic and molecular changes that lead to
clonal selection and growth advantages for cancerous
cells in the digestive tract [1–3]. This research has re-
vealed the timing of expression of key molecular targets
so that we can perform earlier detection of diagnostic
cancer biomarkers with imaging methods. We are now
beginning to see a convergence in our knowledge of
molecular biology, development of affinity probes, and
performance of imaging instruments. These factors are
interdependent and must develop together as we head
in the direction of personalized medicine [4]. Current-
ly, physicians make clinical decisions to diagnose and
stage cancer based primarily on structural abnormali-
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ties, including mass effect, texture variations, and in-
terval change. While this strategy has been success-
ful for some clinical applications, this approach can be
greatly improved by incorporating the molecular fea-
tures of tissue that reveal mucosal function. Use of this
information is important because changes in molecular
expression occur well before that of structural features.
Moreover, most forms of cancer in the digestive tract
develop slowly over many years, and dwell in a pre-
malignant phase that offers a window of opportunity
for early detection. Thus, if effective methods of imag-
ing to target early cancer biomarkers can be adequately
developed, we may see a new paradigm emerge for pre-
vention, screening, and management of cancer in the
digestive tract.

Targeted imaging requires the detection of molecu-
lar changes in cells associated with disease. Molecular
targets are usually too small to be visualized directly,
thus probes that are fluorescence or radio labeled are
needed to reveal biomarker expression with high con-
trast. The first paper by Elias et al. discusses activat-
able molecular probes, which have generated tremen-
dous promise for distinguishing between neoplastic and
normal mucosa in the digestive tract. These reagents
are designed to elicit a detectable change in fluores-
cence signal upon interacting in vivo with a biomark-
er of cancer. The best developed probes in this class
are activated within cells through enzymatic reactions,
and can produce very high target-to-background ratios.
New designs of activatable probes, their applications
for optical and MRI imaging, and practical use for visu-
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alizing cancer biomarkers in vivo are discussed in this
issue. Furthermore, the emergence of nanotechnology
provides an entirely new set of tools for imaging molec-
ular expression in vivo. In particular, semiconductor
quantum dots have demonstrated superior optical prop-
erties for imaging cancer biomarkers in comparison to
that of conventional organic dyes. Quantum dots offer
significant enhancements in performance that include
a broad spectral range, tunable fluorescence emission,
improved signal intensity, long term photostability, and
biological functionality. In this issue, Xing et al. ex-
plain the principles of quantum dots, including the fun-
damental physics, optical properties, biofunctioniza-
tion strategies, and in vivo imaging applications. Next,
Muguruma et al. present methods for performing tar-
geted imaging of neoplasia in the digestive tract us-
ing near-infrared fluorescence endoscopy to detect anti-
CEA and anti-MUC1 antibodies labeled with indocya-
nine green derivatives for detection of gastric cancer. A
near-infrared instrument represents an important tech-
nological advance because greater tissue penetration
and less tissue autofluorescence can be achieved in this
spectral regime than with visible light. Fluorescence-
labeled antibodies are high affinity probes that have
been developed to detect over expressed cell surface
targets found in neoplastic mucosa. CEA functions
in cell adhesion, and MUC1 binds to pathogens and
performs cell signaling [5,6]. These targets are both
membrane-associated glycoproteins that are commonly
found in glandular epithelium of the digestive tract.

Advances have also been made in the development
of novel methods for targeted imaging based on en-
doscopy to perform early detection of colorectal and
esophageal cancer, discussed in the papers by Hsiung
et al. and Lu et al., respectively. The aim of these tech-
niques is to reveal functional information about the mu-
cosa based on patterns of molecular expression. These
images are combined with architectural features pro-
vided by conventional white light endoscopy. In ad-
dition, a greater understanding of the significance and
timing of over expressed molecular targets has been
achieved using comprehensive methods of biological
evaluation such as gene expression profiling and high

throughput analyses. These studies have identified a
number of promising intracellular and cell surface tar-
gets expressed by the mucosa of the digestive tract
that can reveal evidence for neoplastic transformation.
In addition, the development of peptides as affinity
probes that produce high target-to-background ratio,
offer binding specificity, and have safe toxicity pro-
files is presented. Specifically, peptides have shown
promise for use as molecular probes in the digestive
tract because of their high diversity, rapid binding ki-
netics, low immunogenicity, ease of labeling, and low
production costs. Moreover, improved imaging instru-
ments that are sensitive to fluorescence, including wide
area endoscopy and confocal microscopy, are maturing
and promise to improve performance for visualizing
probe binding. These exciting new techniques have
great potential to improve the detection sensitivity, in-
crease surveillance efficiency, and ultimately achieve
better patient outcomes for management of cancer in
the digestive tract. As progress in these areas continues,
physicians will soon have powerful new tools for diag-
nosing and treating patients with digestive diseases.
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