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Abstract
Background: Fluorescent imaging may aid with the precise diagnosis and treatment of patients with gallbladder
cancer. In this study, we sought to demonstrate whether the da Vinci® surgical system and Firefly™ camera could
detect EGFR-targeted fluorescent images in orthotopic mouse models of gallbladder cancer.
Methods: An orthotopic mouse model of gallbladder cancer was created by injecting NOZ gallbladder cancer cells
mixed with Matrigel into the gallbladder. In vivo imaging of subcutaneous and orthotopic gallbladder tumors was
performed after the injection of DyLight 650- or 800-conjugated EGFR antibody.
Results: Western blotting, flow cytometry, and confocal microscopy showed the presence of EGFR in NOZ cells, but
not in HEK293 cells. Subcutaneous NOZ cell tumors fluoresced after injection with fluorescent EGFR antibody, but
subcutaneous HEK293 tumors did not. Fluorescent EGFR antibody made orthotopic NOZ tumors fluoresce, with an
intensity stronger than that in the surrounding normal tissues. Histochemical examination confirmed the location of
the tumors inside the gallbladder and adjacent liver parenchyma. Fluorescent signal was also detected in orthotopic
gallbladder tumors with Firefly™ camera.
Conclusion: Our study showed that fluorescent EGFR antibodies and the Firefly camera in the da Vinci system can
detect fluorescing gallbladder tumors, which demonstrates their potential use for molecular imaging-based prevision
surgery in the near future.
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Background
The incidence of gallbladder cancer worldwide is 2.2
individuals per 100,000 and 2.9 individuals per 100,000
in South Korea [1–3]. In advanced stage of the disease,
mortality rate is high, with a 5-year survival rate of only
2.5%. However, when the tumor is confined to the gallbladder, the survival rate is 73.5% [3]. Thus, early detection and treatment are important for survival. However,
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distinguishing malignant disease from benign inflammatory disease is difficult and often makes a diagnosis
tricky. The diagnosis of gallbladder cancer after cholecystectomy often occurs incidentally, as the presence of cancer is often not suspected [4].
Preclinical and clinical studies showed that when combined with endoscopy, laparoscopy and robotic surgery
system fluorescent imaging aid in the detection of cancer in various organs and allow complete resection of the
cancer [5, 6]. Fluorescent imaging may also help in the
precise diagnosis and treatment of patients with gallbladder cancer [5, 7]. The Firefly™ camera, which can be integrated into the da Vinci® system, is a fluorescent imaging
system that is currently used in clinical settings and can
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detect both visible and near-infrared light images. Its
current applications include fluorescent cholangiography,
bowel perfusion assessment, lymph node mapping, and
sentinel lymph node biopsy [8]. To further expand the
use of fluorescent imaging technology to tumor detection
and focus surgical resection, molecular imaging methods
with several contrast agents targeting various cancer biomarkers are currently under development [9]. Since laparoscopic and robotic surgeries are already being widely
used for gallbladder surgery and suitable imaging tools
are available, a fluorescent molecular imaging technology
can be easily applied to treat gallbladder cancer after its
usefulness is proven in preclinical studies [10–12].
The epidermal growth factor receptor (EGFR) is one
of the most frequently examined cancer biomarkers in
fluorescent imaging, as it is frequently altered in various
human cancers [13]. In normal tissues, EGFR is a regulator of epithelial tissue development and homeostasis, but
in cancerous tissues, EGFR is associated with cell proliferation, migration and metastases, evasion from apoptosis, and angiogenesis [14]. In gallbladder cancer, EGFR is
expressed in about 90% of cases, making it an attractive
target for use in fluorescent imaging [15, 16].
In this study, we sought to demonstrate that the da
Vinci Firefly camera and EGFR-targeted antibody conjugated with fluorescent material could be used for the
detection of gallbladder cancer in tumor mouse models.

Materials and methods
Gallbladder cancer cell lines

The human gallbladder cancer cell line, NOZ (EGFRpositive), and the human embryonic kidney cell lines,
HEK293 (EGFR-negative) [17, 18], were maintained in
RPMI 1640 and Minimum Essential Medium containing Earle’s balanced salts (MEM/EBSS) medium supplemented with 10% fetal bovine serum (Gibco, Carlsbad,
USA) and an antibiotic-antimycotic solution (Gibco,
Carlsbad, USA). All cells were cultured at 37°C in a 5%
CO2 incubator.
Mice

BALB/c nude mice (Central Lab Animal, Inc., Seoul,
Korea), 4–5 weeks old, were used in the study. The mice
were kept in a barrier facility under HEPA filtration and
fed with an autoclaved laboratory rodent diet. All surgical and imaging procedures of the mice were performed
after anesthetization by an intramuscular injection of
60% tiletamine and zolazepam and 40% xylazine HCl
(0.02 ml) for anesthesia. Animals received antibiotics
immediately prior to surgery and once per day for 3 days.
The condition of the animals was monitored every day.
CO2 inhalation was used for euthanasia.
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Antibody‑dye conjugation

Mouse monoclonal antibodies to EGFR (199.12; Thermo
Scientific, Rockford, IL, USA) were conjugated to
DyLight 650 or DyLight 800 dyes (Thermo Scientific,
Rockford, IL, USA) after removing the bovine serum
albumin (BSA) using Pierce™ Antibody Clean-up Kit
(Thermo Scientific, Rockford, IL, USA) according to the
manufacturer’s specifications.
Western blotting

The cell were lysed in lysis buffer containing 70 mM
β-glycerophosphate, 0.6 mM sodium orthovanadate, 2
mM MgCl2, 1 mM ethylene glycol tetraacetic acid, 1 mM
DTT (Invitrogen, Grand Island, NY, USA), 0.5% TritonX100, 0.2 mM phenylmethylsulfonyl fluoride, and 1%
protease inhibitor cocktail (SigmaAldrich, St. Louis, MO,
USA). The lysates were separated via sodium dodecylsulfate–polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene fluoride membranes
(Millipore, Billerica, MA, USA). The membranes were
blocked in 5% (w/v) non-fat dry milk and probed with
anti-EGFR (D-8, Santa Cruz, Dallas, TX, USA) at a dilution of 1:100. The immunoreactive proteins were visualized using the SuperSignal West Pico Chemiluminescent
Substrate (Thermo Scientific).
Flow cytometry and confocal microscopy

A total of 2 × 106 cells were washed with phosphate-buffered saline (PBS) and fixed in 4% paraformaldehyde for
15 min at room temperature in the dark. The cells were
washed and incubated with 1% BSA for 1 h at room temperature. After incubation, the cells were washed with
PBS and incubated with 0.5 nM anti-EGFR (199.125;
Thermo Scientific, Rockford, IL, USA) for 3 h at room
temperature. The cells were then incubated with Alexa
fluor 488-conjugated polyclonal goat anti-mouse secondary antibody (Jackson ImmunoResearch Laboratories,
Inc., USA) for 1 h at room temperature. After washing with PBS, fluorescence was detected with BD FACS
LSRII SORP system (Becton Dickinson Company, New
Jersey, USA), and confocal microscopy was performed
using an LSM 700 instrument (Carl Zeiss, Oberkochen,
Germany).
Subcutaneous and orthotopic mouse models
of gallbladder cancer

To make the subcutaneous mouse models of gallbladder cancers, NOZ and HEK293 cells (2 × 106 cells) were
injected subcutaneously into the flanks of BALB/c nude
mice. When the size of the subcutaneous tumors grew to
10–20 mm in diameter, imaging was performed. To create the orthotopic mouse models of gallbladder cancer,
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2 × 106 NOZ cells were mixed with Matrigel (Corning, Arizona, USA). The gallbladders were exposed and
injected with cell suspension using a 29-G insulin syringe
(BD, USA). The abdominal walls were closed using Vicryl
6/0. Imaging was performed 5 weeks after the injection
[19].
Fluorescent immunostaining

Formalin-fixed, paraffin-embedded tissue samples were
sectioned into serial 4-mm slices and placed on microscope slides. After deparaffinization in xylene and rehydration in alcohol, tissue sections underwent antigen
retrieval for 30 min in Tris-EDTA buffer titrated to pH
9.0 at 97°C and cooled with tap water. Non-specific antigen reactions were blocked by a 1-h incubation with
M.O.M. mouse IgG blocking buffer. The slides were then
incubated with the anti-EGFR (MA5-13319; Thermo
Scientific, Rockford, IL, USA) at a dilution of 1:500 for
12–16 h at 4°C. The slides were then incubated with
Alexa fluor 488-conjugated polyclonal goat anti-mouse
secondary antibody (Jackson ImmunoResearch Laboratories, Inc., USA) at a dilution of 1:100 for 1 h at room
temperature. After washing with PBS, the slides were
examined under confocal microscopy using LSM 700
instrument (Carl Zeiss, Oberkochen, Germany).
Imaging

Mice harboring subcutaneous and orthotopic tumors
were injected with anti-EGFR (199.12; Thermo Scientific, Rockford, IL, USA) conjugated to DyLight 650
via the tail vein. Imaging was then performed using an
IVIS®Spectrum In Vivo Imaging System (Perkin Elmer,
Waltham MA, USA). For subcutaneous tumor, imaging was done on days 1, 2, and 3 after injection under
anesthesia. For orthotopic tumor in each mouse, imaging was done after euthanasia, opening of the abdominal
wall, and exposure of the liver and gallbladder. After the
in vivo imaging of orthotopic tumors, the tumors and
livers were removed from the mice, and ex vivo imaging was performed. The Firefly™ camera (Intuitive Surgical Inc., Sunnyvale, CA, USA) integrated into the da
Vinci® robotic surgical system (Intuitive Surgical Inc.,
Sunnyvale, CA, USA) was used to image and record the
fluorescence of anti-EGFR (199.12; Thermo Scientific,
Rockford, IL, USA) conjugated to DyLight 800 in orthotopic tumors. The tumor background ratio was analyzed
by ImageJ (National Institutes of Health, Bethesda, Maryland). The tumor was resected after in vivo florescent
imaging. Subsequently, hematoxylin and eosin staining of
resected orthotopic tumors was performed, and the samples were observed under light microscopy.
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Results
Expression of EGFR in gallbladder cancer cells

Western blotting, flow cytometry, and confocal microscopy were performed to confirm that EGFR was
expressed in gallbladder cancer cells. Fluorescent antiEGFR was able to bind to the membranes of cancer cells.
Western blotting was used to detect the expression of
EGFR in NOZ cells, but not in HEK293 cells (Fig. 1A).
Likewise, flow cytometry was used to show that antiEGFR bound to NOZ cells, but not to HEK293 cells
(Fig. 1B). Confocal microscopy was also used to show
the presence of fluorescence foci along the membranes
of NOZ cells, but not HEK293 cells, indicating that the
fluorescent anti-EGFR bound to the cell membranes of
EFGR-positive NOZ cells (Fig. 1C).
Imaging subcutaneous tumors with fluorescent anti‑EGFR

Subcutaneous tumors were grown for about 4 weeks
after injecting the cells in the flanks of mice. Dylight
650-conjugated anti-EGFR was injected into the tail
veins of the mice, and then, the tumors were imaged.
Twenty-four hours after injection, a strong fluorescent
signal was detected in EGFR-positive NOZ cell tumors,
but the signal was faint in EGFR-negative HEK293 cell
tumors. Over time, the intensity of the fluorescent signal
decreased, persisting up to 72 h in the NOZ cell tumors,
and while almost disappearance in the HEK293 cell
tumors (Fig. 2A).
Analysis of the immunofluorescence from the antiEGFR in resected subcutaneous tumors from the mice
confirmed the expression of EGFR in NOZ cell tumors,
but not in HEK293 cells tumors (Fig. 2B).
Imaging orthotopic tumors with fluorescent EGFR
antibodies

NOZ cells mixed with Matrigel were injected into
gallbladders. After 5 weeks, Dylight 650-conjugated
anti-EGFR was injected into the tail veins of the mice.
Twenty-four hours after injecting the antibody, each
mouse was sacrificed and the abdomen was opened.
Upon gross examination, tumors were noted in the gallbladders of the mice. Fluorescent imaging detected strong
intense signals from the tumors, which was lacking in
surrounding normal tissues. Ex vivo imaging confirmed
the fluorescence came from the tumors (Fig. 3). No fluorescent signal was noted in the absence of tumors (data
not shown). When the tumor was present and absent, the
tumor-to-background ratios of fluorescence signal were
2.61 and 1.19, respectively. Subsequent histologic examination confirmed tumor in the gallbladder and adjacent
liver parenchyma (Fig. 3). When no fluorescence was
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Fig. 1 Characterization of gallbladder tumor cell lines. A Western blot analysis of EGFR expression in NOZ cells (right lane) and HEK293 cells (left
lane). B Flow cytometric analysis of fluorescent anti-EGFR bounding in NOZ cells (blue line) and HEK293 cells (red line). C Labeling of NOZ and
HEK293 cells with fluorescent anti-EGFR (×40 water immersion objective with the LSM 700 confocal microscope, using 405- and 488-nm lasers). The
white scale bar represents 10 μm

detected, histologic examination only found inflammatory cells in the gallbladder and liver (data not shown).

imaging also confirmed that the fluorescence came from
the tumor (Fig. 4).

Detection of fluorescence from orthotopic tumors using
firefly camera and da Vinci system

Discussion
Our results showed that anti-EGFR specifically bound
to gallbladder tumors and produced fluorescence, which
could be detected by imaging during surgery in real
time. In vitro and in vivo fluorescent EGFR antibody
could make EGFR-positive gallbladder tumor fluorescent; however, when no tumor was made or EGFR was
not expressed, no fluorescence was emitted. In addition,
using 800-nm fluorescent EGFR antibody Firefly™ camera in da Vinci® robotic surgery system could detect fluorescent signal from gallbladder tumor, suggesting that

The in vivo imaging system in our facility could detect
650 nm fluorescence, while the Firefly camera could
detect only 800 nm fluorescence. Therefore, imaging orthotopic tumors using the Firefly camera was
done with Dylight 800-conjugated anti-EGFR, as mentioned above. Strong fluorescent signals from the tumor
detected with the Firefly™ camera could be easily seen
on screen of robotic surgery system (Fig. 4). Some autofluorescence were also detected from the bowels. Ex vivo
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Fig. 2 Imaging of EGFR in subcutaneously-transplanted gallbladder tumors in vivo. A Representative images of NOZ and HEK293 cell tumors.
The mouse was imaged under both white light and fluorescence illumination (IVIS, using a 650-nm laser). B NOZ and HEK293 cell tumors stained
hematoxylin and eosin staining (×200) and fluorescent anti-EGFR (×200, using 405- and 488-nm lasers). The red scale bar represents 100 μm

its use is not limited to robotic surgery, but can also be
expanded to laparoscopic and endoscopic system.
The results of the present study implicated that fluorescent imaging technology could contribute to the differentiation of malignant gallbladder tumor from benign
inflammatory disease, which could help in avoiding
incomplete resection of incidental gallbladder cancer
or misdiagnosis of gallbladder tumor. In this study, we
did not use cholecystitis animal model for comparison;
however, when no tumor was made in orthotopic tumor
models, no fluorescent signal was detected and histologically only signs of inflammation was noted. Furthermore,
assessing tumor margin and lymph node metastasis
might also help in achieving complete resection [7].
Pathological R0 resection are usually determined by final
pathological examination after radical cholecystectomy.
However, clinical R0 can be assumed, if fluorescent imaging can determine margin-negative simple cholecystectomy with no evidence of regional lymph node metastasis
or grossly residual cancer tissues during surgery [20, 21].
Since simple cholecystectomy is regarded as feasible and
safe in the early stage of gallbladder cancer [22–24], more
appropriate selection criteria of simple cholecystectomy

could be established and major surgery can be avoided,
based on the present EGFR-targeted florescent imaging.
EGFR-targeted fluorescent imaging has been tested
in clinical trials for several types of cancer, including head and neck cancer [25], pancreatic cancer [26],
glioblastoma and glioma [13, 27], oral cancer [28], and
lung cancer [13]. Fluorescence-guided surgical imaging using panitumumab, an EGFR antibody, conjugated
to IRDye800 was used to detect gliomas in real time
[29], demonstrating good tumor-to-background contrast ratio. The same antibody was used in a murine
model of colorectal cancer for fluorescence-guided surgery with a strong fluorescent contrast [30]. Additionally, the gallbladder is a good candidate for fluorescent
imaging using EGFR-targeted antibodies, since EGFR
is overexpressed in gallbladder cancer regardless of
the cancer stage [31]. Our in vitro test confirmed that
NOZ (gallbladder cancer cell line) and other bile duct
cancer cell lines, such as SNU308 (gallbladder cancer), SNU478 (ampulla of vater cancer), and SNU1196
(hilar cancer), also expressed EGFR (data not shown).
How high the EGFR expression should be for successful
fluorescent imaging would be a suitable topic for future
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Fig. 4 Imaging of EGFR in orthotopically transplanted NOZ
gallbladder tumors using the Firefly camera. Fluorescence signals
from gallbladder tumors orthotopically transplanted in the
gallbladder were detected (using an 800-nm laser). The red scale bar
represents 1 cm

Fig. 3 Imaging of EGFR in orthotopically transplanted NOZ
cell gallbladder tumors with IVIS. A Fluorescence signals from
orthotopically transplanted gallbladder tumors (using a 650-nm
laser). The red scale bar represents 1 cm. B Hematoxylin and eosin
staining of orthotopically transplanted NOZ cell gallbladder tumors
and normal liver tissues (×200). The red scale bar represents 100 μm

research. Other than EGFR, folate receptor [32], vascular endothelial growth factor [33], carcinoembryonic
antigen [34], cathepsins [35], and matrix metalloproteinase [36] have been tested as targets for fluorescent
imaging. Additional studies are needed to find other
suitable biomarkers for fluorescent imaging of gallbladder cancer.
Various orthotopic tumor models have been used to
develop new laparoscopic and robotic surgical techniques, as they mimic the anatomical characteristics of
tumors [37]. Considering the current status of minimally
invasive radical cholecystectomy in gallbladder cancer,
the present study further emphasizes the usefulness of
orthotopic tumor models in testing new surgical techniques for gallbladder cancer. In the near future, more
precise decision-making on surgical extent according to
florescent molecular images would be tested using the da
Vinci surgical system in orthotopic tumor models of gallbladder cancer.

Conclusion
In conclusion, our study showed that a fluorescent
EGFR-targeted antibody can be used successfully for
the diagnosis of gallbladder tumors, which in turn can
help detect malignant disease. The use of Firefly™ camera in the da Vinci® robotic system allowed the detection of gallbladder tumors via fluorescence, which
demonstrated the potential of molecular imaging using
this robotic surgical system. Further studies are needed
for the clinical application of molecular imaging using
fluorescence technology.
Abbreviation
EGFR: Epidermal growth factor receptor.
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