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Esophageal adenocarcinoma (EAC) arises from Barrett’s esophagus, a columnar metaplasia
of the epithelium caused by chronic acid reflux.1 This disease is growing faster than any
other type of cancer in Western countries,2 and despite extensive efforts for prevention, the
incidence remains high and the 5- year survival rate is poor. Early detection may allow for
more effective interventions, and is critical to improving prognosis. Current methods of
surveillance with white light endoscopy are limited in effectiveness because pre-malignant
lesions (dysplasia) are flat in appearance and difficult to visualize.3 Molecular imaging is an
emerging technology that can help physicians guide biopsy by generating image contrast
based on unique biological properties tissue.4 Imaging agents that are specific for
overexpressed molecular targets can improve diagnosis, staging, intervention, and
management of this disease. Early imaging validation is needed to establish safety and
evidence of efficacy.5
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Description of Technology
A fluorescently labeled peptide specific for esophageal neoplasia was selected using phage
display technology.6 The sequence ASYNYDA was conjugated to FITC by a GGGSK
linker. An apparent dissociation constant (kd) of 32 nM and an association rate constant (k)
of 0.2 min-1 (~5 minutes for binding onset) was measured. We isolated cyclophilin A
(CypA) as a possible target. The fluorophore used is compatible with a fiber-based (2.6 mm
diameter) confocal laser endomicroscope (Cellvizio) that delivers <2 mW of excitation at
λex = 488 nm.7 This level of power has been determined to be nonsignificant risk by the
U.S. Food and Drug Administration.8 Images are collected at 8 frames/second over a field-
of-view of 240×240 µm2 with a resolution of 1.4 and 7 µm in the lateral and axial
dimensions, respectively. Optical sections are collected at a depth of 50 µm below the
mucosal surface with 1000× magnification.

Video description
On conventional white light endoscopy, Barrett’s esophagus (arrow) appears with a “salmon
pink” color, and can be several centimeters in length Fig. 1A. By comparison, adjacent
squamous epithelium (normal) appears pink. No gross lesions or architectural changes are
apparent to suggest the presence of dysplasia. The aims of this video journal are to 1)
demonstrate safe topical administration of fluorescently labeled peptides to the mucosal
surface of the distal esophagus, 2) show that peptides have rapid binding onset in vivo; and
3) validate specific binding of peptides to Barrett’s neoplasia. IRB approval was obtained
from the University of Michigan. Patients previously scheduled for endoscopy per routine
clinical care were recruited. Informed consent was obtained from each subject prior to the
procedure.

The upper endoscopy was performed first with conventional white light. The distal
esophagus was rinsed thoroughly with saline to remove mucous. Lyophilized ASY*-FITC
(100 µM) was reconstituted in 5 ml of saline (IND# 110,444, Sponsor DKT), and delivered
via a circumferential spray catheter (arrow) passed through the instrument channel, Fig. 1B.
This method provides comprehensive coverage of the peptide over the mucosal surface of
the distal esophagus where the molecular targets are overexpressed. A high peptide
concentration maximizes binding interactions to achieve a large fluorescence signal needed
for real time imaging with little risk of toxicity. After 5 minutes for incubation, the unbound
peptides are rinsed off (arrow) using the irrigator, Fig. 1C. This rapid onset of binding
distinguishes peptides from other types of molecular probes that typically require hours for
peak effect. The endomicroscope (arrow) was passed through the instrument channel and
placed into contact with the mucosa, Fig. 1D. The locations of the images collected were
recorded using landmarks defined by Prague criteria for the Barrett’s segment. Endoscopic
mucosal resection was performed, and a gastrointestinal pathologist (H.A.) evaluated the
histology from the epithelial surface (≤50 µm depth) where the peptides were applied. The
average time required to perform the experimental portion (peptide spray and imaging) of
the procedure was <15 minutes.

The real time confocal video of squamous epithelium shows no peptide binding in most
frames, scale bar 20 µm, Fig. 2A. Some non-specific signal was seen in some locations.
Representative histology (H&E) shows a horizontal section of squamous cells. For Barrett’s,
faint signal can be seen that may represent non-specific pooling of contrast, and
representative histology shows the lumen (l) of a benign-appearing, circular crypt (c) with
mucin (m) filled goblet cells and round, basal nuclei (n) surrounded by lamina propria (lp),
Fig. 2B. By comparison, video of high-grade dysplasia (HGD) shows strong fluorescence
from the cell surface within transformed crypts that have distorted architecture, and the
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corresponding histology shows elongated nuclei with extensive stratification and reduced
cytoplasmic mucin, Fig. 2C. Images of EAC shows intense fluorescence around discrete
tubular structures, and the histology shows epithelium lined tubules with fully stratified
nuclei and absence of mucin, Fig. 2D.

The peptides were found to bind specifically to overexpressed targets to provide positive
contrast, resulting in improved dynamic range for imaging. Topical rather than systemic
administration reduces the risk of toxicity by limiting the biodistribution of the molecular
probe to the region of disease. The images collected on endomicroscopy have a microscopic
field-of-view, and the in situ pathology examined has a superficial tissue depth. These
images can be used to guide biopsy or endoscopic mucosal resection of tissue to provide
conventional pathology. In the future, a wide-area endoscope will be used to collect images
that can rapidly visualize fluorescence from the entire mucosal surface of the esophagus.
Confocal laser endomicroscopy can still be used as an adjunct to validate specific peptide
binding to Barrett’s neoplasia.

Take home message
We have demonstrated a fluorescently labeled peptide can be topically and safely
administered during endoscopy to comprehensively cover the mucosal surface of the distal
esophagus. The onset of binding occurs in <5 minutes to facilitate practical use in a busy
clinical unit. Specific binding of the peptide to Barrett’s neoplasia has been shown in real
time using confocal laser endomicroscopy in vivo.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Targeted imaging
A) Barrett’s esophagus. B) Topical peptide administration. C) Rinsing of unbound peptides.
D) Confocal endomicroscopy.
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Fig. 2. In vivo validation
A) Squamous epithelium. B) Barrett’s. C) High-grade dysplasia (HGD). D) esophageal
adenocarcinoma (EAC), scale bar 20 µm
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