
Abstract. Background/Aim: During surgical resection of
gastroesophageal-junction (GEJ) adenocarcinoma, the
margin status is often difficult to visualize resulting in high
recurrence rates. The aim of the present study was to develop
a labelling technique that would allow improved visualization
of GEJ tumor margins for surgeons to reduce recurrence
rates in a patient-like model. Materials and Methods: A
patient GEJ tumor was obtained from an endoscopic biopsy
and implanted subcutaneously in a nude mouse. A patient-
derived orthotopic xenograft (PDOX) model was established
by implanting tumor fragments grown from a subcutaneous
model to the cardia of the stomach of nude mice. CC1/3/5-
SAB, an antibody to carcinoembryonic-antigen-related cell-
adhesion molecules, was conjugated with infrared dye
IRDye800 to create SAB-IR800. Forty-eight hours after i.v.
injection of SAB-IR800, GEJ-PDOX mice were imaged.
Results: Fluorescence imaging with SAB-IR800 brightly
visualized the GEJ adenocarcinoma demonstrating specific
targeting. In the PDOX model, injection of SAB-IR800 (50

μg) resulted in a tumor to background ratio of 1.78 at 48
hours and 1.86 at 72 hours. Conclusion: PDOX models of
GEJ tumors can be established from patients by endoscopic
biopsy without undergoing surgical resection. GEJ PDOX
models should be useful for developing novel diagnostics and
therapeutics for this recalcitrant disease.

Gastroesophageal junction (GEJ) tumors are defined as
tumors whose origins are within 5 cm of the anatomical GEJ
(1). These tumors have been increasing in incidence in the
Western World (1, 2). Currently, the only curative treatment
for GEJ tumors is surgical resection (3). However, the
majority of patients present with advanced disease, and less
than 50% undergo surgery (3). There remains controversy
regarding classification and treatment of this type of cancer
with wide variations in operative management (2, 3). One
challenge of surgical resection of GEJ tumors is achieving
an R0 resection which is an independent predictor of survival
(1). This present report describes an imaging PDOX model
of adenocarcinoma of the GEJ. 

Carcinoembryonic-antigen-related cell-adhesion molecules
(CEACAMs) are a family of cell-surface glycoproteins.
CEACAMs have many cellular functions including cell-cell
recognition, cell adhesion, intra- and intercellular signaling as
well as functions involved in inflammation, cancer progression
and metastasis (4, 5). Several CEACAMs have been validated
as biomarkers for melanoma, colorectal cancer, lung and
pancreatic cancer (4). Specifically CEACAM1 and CEACAM5
are overexpressed in several cancers including gastric cancer
(4). CC1/3/5-SAB is an antibody which selectively binds to
human CEACAM1, CEACAM3 and CEACAM5. 
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In the present study, we used the CC1/3/5-SAB antibody
conjugated to a near infrared 800 nm dye (SAB-IR800) to
brightly label the PDOX model of GEJ adenocarcinoma.

Materials and Methods

Animal care. Athymic nude mice (Jackson Laboratory, Bar Harbor,
ME) were maintained in a barrier facility with high-efficiency
particulate air (HEPA) filtration and fed an autoclaved laboratory
diet. All mice were anesthetized with intraperitoneal ketamine and
xylazine reconstituted in phosphate-buffered saline (PBS) prior  to
surgical procedures. All mice post-laparotomy received
buprenorphine subcutaneously the day of the procedure and when
displaying signs of distress, for pain control. Mice were euthanized
by CO2 inhalation and cervical dislocation at the conclusion of the
study. All studies were approved by the San Diego Veterans
Administration Medical Center Institutional Animal Care and Use
Committee (IACUC, animal use protocol A17-020). 

GEJ-PDOX establishment. The patient-derived GEJ-tumor specimen
was obtained under standard sterile conditions via diagnostic
esophagogastroduodenoscopy (Figure 1). Patient tumors and normal
tissue were obtained with informed consent under the UCSD
Institutional Review Board (IRB). To initially establish the patient
tumor in nude mice, tumor fragments (1 mm3) were implanted over
the bilateral upper and lower flanks and allowed to grow to
approximately 5 mm in diameter. To establish a GEJ patient-derived
orthotopic xenograft (PDOX) model, mice were anesthetized as
described above and the stomach was delivered through a midline

ventral incision. A 1 mm3 tumor fragment was sutured to the
stomach’s lesser curve by the cardia using 8-0 nylon sutures (6).
The peritoneum and skin were closed using 6-0 vicryl sutures.
Tumor size was initially estimated via palpation.

Imaging. In vivo imaging was performed using the Pearl Trilogy
Small Animal Imaging System (LI-COR, Lincoln, NE). The GEJ
PDOX models were administered SAB-IR800 (50 μg) via tail vein
injection. The PDOX models were anesthetized at 48 hours after
dye injection and a small ventral incision was made to expose both
the stomach and tumor which were imaged using the Pearl Trilogy
Small Animal Imaging System. The incision was closed with a 6-
0 vicryl suture. PDOX models were euthanized at 72 hours after
dye injection and then a laparotomy was performed. Normal
stomach was used as background to obtain a tumor to background
ratio (TBR).

Statistical analysis. Statistical analysis was performed with R software
(Free Software Foundation, Boston, MA, USA). 

Results

The GEJ PDOX model mimicked the clinical disease. A
representative mouse treated with SAB-IR800 was imaged under
brightfield and NIR fluorescence using the Pearl Imager (Figure
2). The bright fluorescence labelling of the tumor was evident.
For the PDOX models (n=3), the mean tumor signal at 48 hours
after dye injection was 0.244 (±0.036). The TBR at 48 hours
ranged from 1.45 to 2.18 with a mean TBR of 1.78 (±0.37). At
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Figure 1. Endoscopic images from a GEJ patient. Panel A shows normal-appearing duodenum. Panels B and C show normal gastric rugae. Panels
D, E and F show the endoscope retroflexed to demonstrate a near obstructing gastric cardia mass (black arrows). 
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Figure 2. Laparotomy of a representative GEJ-PDOX mouse 72 hours after receiving SAB-IR800 (50 μg). Panel A is a brightfield image and Panel
B is a fluorescence image. The yellow arrows indicate the patient-derived GEJ tumor growing over the mouse’s stomach. Fluorescence labeling
with SAB-IR800 resulted in a tumor to background ratio (TBR) of 2.04. 

Figure 3. Bar graphs represent the tumor to background ratios (TBRs) of the GEJ PDOX mouse models (n=3) as well as the mean TBR (yellow bar).



72 hours, the mean tumor signal was 0.317 (±0.075). The mean
TBR at 72 hours was 1.86 (±0.24) (Figure 3).

Discussion

A previous study described a PDOX model of a GEJ tumor
(7). However, the present study is the first study to report a
GEJ-PDOX mouse model that was successfully imaged with
a tumor-specific antibody conjugated to a near-infrared (NIR)
fluorophore. Importantly, endoscopically-obtained tissue was
sufficient to establish the GEJ tumor in nude mice, thus
avoiding a surgical procedure and all the risks inherent with
it. The study demonstrated the ability of SAB-IR800 to image
GEJ tumors with resultant TBRs that should be sufficient for
fluorescence-guided surgery (FGS) in future experiments. 

The patient in the present study had a Siewert Type III
GEJ tumor originating >2 cm below the GEJ. de Graaf et
al. reported a series of 416 patients thought to have
potentially resectable GEJ tumors (8). After undergoing
staging laparoscopy (SL), 84 (20.2%) patients were deemed
not surgical candidates, thereby sparing them an
unnecessary laparotomy. If some patients have metastatic
deposits too small to detect on imaging or visual inspection
with SL, FGS could aid the surgeon using the technology
described in the present study. 

It is difficult to determine the frequency of R0 resections
as some series combine GEJ tumors with esophageal tumors
or with gastric adenocarcinoma (2). Along with nodal status
and tumor infiltration depth, an R0 resection is an
independent predictor of survival (1). We expect SAB-IR800
to become clinically useful for both SL and FGS. Using
CEACAMs as an appropriate tumor-targeting agent for FGS
is consistent with our previous results with CEACAMs to
image colorectal cancer (9). 

There are potential indications to use fluorescently-labeled
tumors to aid in screening. Iseki et al. demonstrated the
effectiveness of using an NIR endoscope to accurately assess
gastric-tumor depth to aid in endoscopic mucosal resection
(10). Habibollahi et al. used a protease-activatable NIR
fluorescent probe to improve detection of human esophageal
adenocarcinoma in orthotopic mouse models (11). Tjalma et
al. demonstrated  that NIR with fluorescent tracers targeting
VEGF-A and EGFR improved colorectal-polyp detection
over bright light alone, continuing to demonstrate the validity
of the principle of the present report in a different organ (12).

The SAB-IR800 has several benefits described in the present
report, including high specificity for a GEJ tumor in the PDOX
model and a relatively high TBR with potential as a GEJ
diagnostic adjunct in SL and FGS. This may lead to improved
rate of R0 resections and patient outcomes. A weakness is this
antibody is not a genetic probe (e.g., telomerase-dependent
adenovirus expressing GFP) which can genetically label tumors
for FGS, as well as recurrence (13-16). 

Future studies will be performed with a larger sample size
to better characterize the binding and clearing of the SAB-
IR800-dye conjugate to obtain higher TBRs.
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