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Abstract
Background—In this study, we investigated the advantages for fluorescence-guided surgery
(FGS) in mice of a portable hand-sized imaging system compared to a large chamber fluorescing
imaging system or a long-working-distance fluorescence microscope.

Methods—Mouse models of human pancreatic cancer for FGS included (1) MiaPaCa-2-
expressing green fluorescent protein (GFP), (2) BxPC3 labeled with anti-CEA antibody
conjugated with Alexa 488, (3) patient-derived orhotopic xenograft (PDOX)™ labeled with anti-
CA19-9 antibody conjugated with Alexa 488.

Results—Each device could clearly detect the primary MiaPaCa-2-GFP. tumor and any residual
tumor after FGS. In the BxPC3 model labeled with Alexa 488-conjugated anti-CEA, each device
could detect the primary tumor, but the MVX10 could not clearly detect the residual tumor
remaining after FGS while the other devices could. In the PDOX™ model labeled with Alexa 488
conjugated with anti CA19-9, only the portable hand-held device could distinguish the residual
tumor from the background, and complete resection of the residual tumor was achieved under
fluorescence navigation.

Conclusions—The results described in the present report suggest the hand-held mobile imaging
system can be able to be applied to the clinic for FGS due to its convenient size and high
sensitivity and help make FGS widely-used.
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1 Introduction
The complete detection of tumors at the time of surgery is vital in optimizing surgical
resection. The means to make tumors glow offers great advantages for tumor detection
enabling fluorescence-guided surgery (FGS) and a number of different approaches have
been attempted to label and image tumors during surgery (1-8).

We have previously demonstrated the enhanced visualization and detection of primary and
metastatic lesions with the use of telomerase-dependent adenovirus (OBP-401) that
expresses the gfp gene only in cancer cells for use in fluorescence-guided surgery (FGS)
(9-11). We have also demonstrated the use of fluorescent-labeled antibodies (12-17)
administered to the tumor-bearing mice for successful FGS of metastatic cancer in mouse
models.

However, the FGS studies described above have used large complex imaging systems, such
as the OV100 (Olympus Corporation, Tokyo, Japan) and the MVX10 Macro View
(Olympus Corporation, Center Valley, Pennsylvania), which would not be useful in the
clinic. What is currently needed for clinical application of FGS is a simpler and more
convenient imaging system to be used in the operating room (OR).

In the present study, we compared a hand-held completely mobile fluorescence imaging
system to the conventional in vivo imaging systems for the detection of pancreatic cancer in
mouse models labeled with fluorescent proteins or fluorescent antibodies for effectiveness of
FGS.

2 Materials and Methods
2.1 Establishment of green fluorescent protein labeled cancer cell line

The MiaPaCa-2 human pancreatic cell line was stably transfected with green fluorescent
protein (GFP) as previously described (18-20). In brief, cells were incubated with a 1:1
precipitated mixture of retroviral supernatants of PT67-GFP cells and RPMI 1640 (Irvine
Scientific, Santa Ana, CA) containing 10 % fetal bovine serum (FBS) (Hyclone
Laboratories, Logan, UT) for 72 h. Fresh medium was replenished at this time. Cells were
harvested with trypsin/EDTA 72 h post-transduction and subcultured at a ratio of 1:15 into
selective medium, which contained 200 μg/ml of G418. The level of G418 was increased
stepwise up to 800 μg/ml (18-22).

2.2 Cell culture
MiaPaCa-2-GFP and BxPC3 human pancreatic cancer cells were maintained in RPMI 1640
medium supplemented with 10% fetal bovine serum (FBS). The cells were incubated at 37
°C in a humidified atmosphere of 5% CO2 in air. The cells were collected after
trypsinization and stained with trypan blue (Sigma-Aldrich, St. Louis, MO). Only viable
cells were counted with a hemocytometer (Hausser Scientific, Horsham, PA).

2.3 Animals
Athymic NCR nude mice (nu/nu) (AntiCancer, Inc., San Diego, CA) at 4-6 weeks of age
were used in this study. Mice were kept in a barrier facility under HEPA filtration. Mice
were fed with autoclaved laboratory rodent diet. All surgical procedures and imaging were
performed with the animals anesthetized by intramuscular injection of 0.02 ml of a solution
of 50% ketamine, 38% xylazine, and 12% acepromazine maleate. All animal studies were
conducted in accordance with the principals and procedures outlined in the NIH Guide for
the Care and Use of Laboratory Animals under PHS Assurance Number A3873-1.
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2.4 Subcutaneous tumor cell implantation
MiaPaCa-2-GFP and BxPC3 cells were harvested by trypsinization and washed twice with
serum-free medium. Cells (2×106 in 100 μl serum-free media) were injected subcutaneously,
within 30 min of harvesting, over the right and left flanks in male nu/nu mice between 4 and
6 weeks of age. Subcutaneous tumors were allowed to grow for 2-4 weeks until large
enough to supply adequate tumor to harvest for subsequent orthotopic implantation (23).

2.5 Establishment of patient derived orthotopic xenograft (PDOX™) of pancreatic cancer
Pancreatic cancer patient tumor tissue was obtained at surgery and cut into 3-mm3 fragments
and transplanted subcutaneously in NOD/SCID mice (24-26). The patient tumors were then
harvested from the NOD/SCID mice and passed orthotopically in nude mice (21-24, 27). All
patients provided informed consent and the study was conducted under the approval of the
Institutional Review Board of the UC San Diego Medical Center.

2.6 Orthotopic tumor implantation
A small 6- to 10-mm transverse incision was made on the left flank of the mouse through the
skin and peritoneum. The tail of the pancreas was exposed through this incision and a single
3-mm3 tumor fragment from subcutaneous tumors was sutured to the tail of the pancreas
using 8-0 nylon surgical sutures (Ethilon; Ethicon Inc., NJ, USA). On completion, the tail of
the pancreas was returned to the abdomen, and the incision was closed in one layer using 6-0
nylon surgical sutures (Ethilon) (21-24, 27).

2.7 Antibody conjugation
Monoclonal antibodies specific for carcinoembryonic antigen (CEA) or carbohydrate
antigen 19-9 (CA19-9) were purchased from RayBiotech, Inc. (Norcross, GA) or Abcam,
Inc (Cambridge, MA). The antibodies were labeled with the AlexaFluor 488 Protein
Labeling Kit (Molecular Probes Inc., Eugene, OR) according to the manufacturer's
instructions and as previously described (12).

2.8 Fluorescence imagings
The Dino-Lite digital camera (AM4113T-GFBW Dino-Lite Premier; AnMo Electronics
Corporation, Taiwan) [Fig. 1], the Olympus OV100 Small Animal Imaging System
(Olympus Corp.), containing an MT-20 light source (Olympus Biosystems, Planegg,
Germany) and DP70 CCD camera (Olympus Corp., Tokyo, Japan), (28) and the MVX10
Macro View (Olympus Corp.) with FluoCam 1500G color CCD camera were used for
imaging fluorescent tumors in live mice (29). Whole-body images were taken by the OV100
with a magnification of 0.14×. High magnification images were taken by the OV100 with a
magnification of 0.56× or 0.89×. The Dino-Lite has a magnification range of 30× to 50×.
The MVX10 has a magnification range of 0.63× to 3.2×.

2.9 Mobile high-resolution fluorescence imaging system
The portable Dino-Lite mobile imaging system was used for imaging in live mice [Fig. 1A].
The portable system has 7 filtered (wavelength) blue LEDs for excitation lighting and with
an 510 nm emission filter and 1 white LED switched by software, and a 1.3 megapixel
sensor. This digital camera can magnify from 30× up to 200× and can readily take both
pictures and videos of magnified green fluorescent objects. The camera's dimensions are
10.5 cm × 3.2 cm and the weight is only 105 g [Fig. 1C]. This all-in-one compact digital
camera makes the Dino-Lite imaging system easily transportable [Fig. 1B].
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2.10 Tumor resection
Four to eight weeks after orthotopic implantation, surgery was performed on tumor-bearing
mice. A monoclonal anti-CEA or anti-CA19-9 antibody conjugated with Alexa 488 was
delivered to the mice with the BxPC3 tumor or the pancreatic cancer PDOX™, respectively,
as a single intravenous dose 24 hours before surgery. A midline incision was made in the
abdomen of tumor-bearing mice, and the exposed pancreatic tumor was imaged
preoperatively with the OV100, the Dino-Lite and the MVX10 under both standard bright-
field and fluorescence illumination. Resection of the primary pancreatic tumor was
performed under standard bright-field. Postoperatively, the surgical resection bed was
imaged with the OV100, the Dino-Lite and the MVX10 under both standard bright-field and
fluorescence illumination to assess the completeness of surgical resection. Resection of the
residual tumor of PDOX™ was performed using the Dino-Lite under fluorescence
navigation.

3 Results and Discussion
3.1 Imaging pancreatic cancer in mouse models

We imaged three tapes of pancreatic tumors in mouse models which were fluorescently
labeled by different methods. A monoclonal anti-CEA or anti-CA19-9 antibody conjugated
with Alexa 488 was delivered to the mice with the BxPC3 pancreatic tumor or pancreatic
cancer PDOX™, respectively, as a single intravenous dose 24 hours before imaging. We
have previously demonstrated that the fluorescence signal of a fluorophore-conjugated
antibody was detectable at 30 min and reached its peak at 24 h after systemic antibody
delivery in orthotopic human pancreatic tumor mouse models (13).

Tumors were imaged with the OV100, the Dino-Lite and the MVX10 before and after BLS.
The MiaPaCa-2-GFP pancreatic tumor had the strongest fluorescence of the three tumors,
and each device could clearly detect the primary tumor [Fig. 2A-C] and the residual tumor
[Fig. 2D-G] after bright-light surgery (BLS). In the BxPC3 pancreatic tumor model, each
device could also detect the primary tumor [Fig. 3A-C]. However the OV100 at a
magnification of 0.14× (whole body) and the MVX10 at a magnification of 1.6× could not
detect the residual tumor clearly because the fluorescence signal of the BxPC3 pancreatic
tumor labeled with the antibody was not as strong as the signal of the genetically labeled
MiaPaCa-2-GFP tumor [Fig. 3D and G]. In contrast, the residual tumor of the BxPC3 was
visualized with the OV100 at a magnification of 0.56× [Fig. 3E] and the Dino-Lite at a
magnification of 30× [Fig. 3F].

The pancreatic cancer PDOX™ labeled with the fluorescent anti CA19-9 antibody was more
difficult to detect than the BxPC3 tumor labeled with the fluorescent anti-CEA antibody
[Fig. 3 and 4]. The OV100, at a magnification of 0.14×, detected the PDOX™ primary
tumor only at the same intensity as the autofluorescence of small intestine and stomach [Fig.
4A]. The MVX10, at a magnification of 1.6×, barely detected the signal of the tumor [Fig.
4D]. The OV100 at a magnification of 0.56× [Fig. 4B] and the Dino-Lite at a magnification
of 30× [Fig. 4C] could distinguish the primary tumor from background, but the margin of
the tumor was not clearly visualized with the OV100 but was clearly visualized with the
Dino-Lite [Fig. 4B].

3.2 Complete resection of the residual PDOX™ tumor under fluorescence navigation with
the portable imaging system

We have previously showed that FGS for pancreatic cancer decreased the residual tumor
burden and improved overall and disease-free survival in mouse models (12-14). The
fluorescence of the PDOX™ was too weak to distinguish the tumor from the background
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with the conventional imaging devices OV100 and MVX10 [Fig. 4D and G]. However, the
Dino-Lite mobile imaging system could clearly visualize not only the primary tumor [Fig.
4C] but also the residual tumor after BLS [Fig. 4F] in the PDOX™ model. Furthermore, we
achieved the complete resection of the residual tumor under fluorescence navigation. This
result suggests that the Dino-Lite mobile imaging system can be able to be applied to the
clinic.

The ability to visualize primary tumor as well as small satellite tumors near the surgical
margin that virtually go undetected under standard bright light surgery has had a significant
impact in surgical outcomes in mouse models (9-15, 17). We have previously demonstrated
that failure to remove these small deposits under BLS resulted in recurrence in a matter of
months (14, 15, 17). Providing a more objective method of detecting tumor intraoperatively
for better delineation of tumor from normal surrounding tissue can permit a more precise
excision (1-8).

In the present study, the hand-held imaging system was compared to the larger previously-
used imaging system for FGS for both relatively dimly-labeled tumors (BxPC-3 and the
patient-derived xenograft and the brightly-labeled MiaPaCa-2 tumor). The hand-held device
proved to be superior for all tumors. Future experiments will quantify the sensitivity of the
hand-held imaging device compared to larger imaging systems.

4. Conclusions
The Dino-Lite mobile imaging fluorescence system is a hand-held and highly sensitive
imaging system with advantages in sensitivity over much larger fluorescence imaging
systems previously used for FGS. We achieved the complete resection of the residual tumor
in the PDOX™ model using the mobile imaging system, suggesting this system can be able
to be applied to the clinic in the near future to enable widespread application of FGS.
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Fig. 1.
(A) Overview of the Dino-Lite mobile imaging system with a Dino-Lite digital camera. (B)
The Dino-Lite mobile imaging system. (C) Close-up view of a Dino-Lite digital camera. The
camera's dimensions are 10.5 cm × 3.2 cm and the weight is only 105 g. (D) Overview of
the Olympus OV100 Small Animal Imaging System (Olympus Corp.). (E) Overview of the
Olympus MVX10 Macro View (Olympus Corp.).
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Fig. 2.
Imaging of genetically labeled MiaPaCa-2-GFP tumor. The primary MiaPaCa-2-GFP tumor
was imaged with the OV100 at a magnification of 0.14× (A), the Dino-Lite at a
magnification of 30× (B) and the MVX10 at a magnification of 1.6× (C). The residual tumor
after BLS was imaged with the OV100 at a magnification of 0.14× and 0.56× (D and E,
respectively), the Dino-Lite at a magnification of 30× (F), and the MVX10 at a
magnification of 1.6× (G). Boxes in (A) indicate the view areas of (B) and (C), and boxes in
(D) indicate the view areas of (E), (F) and (G). White arrow heads indicate the detected
residual tumors after BLS.
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Fig. 3.
Imaging of BxPC3 tumor labeled with fluorescent anti-CEA antibody. The primary BxPC3
tumor labeled with fluorescent anti-CEA antibody was imaged with the OV100 at a
magnification of 0.14× (A), the Dino-Lite at a magnification of 30× (B) and the MVX10 at a
magnification of 1.6× (C). The residual tumor after BLS was imaged with the OV100 at a
magnification of 0.14× and 0.56× (D and E), the Dino-Lite at a magnification of 30× (F) and
the MVX10 at a magnification of 1.6× (G). Boxes in (A) indicate the view areas of (B) and
(C), and boxes in (D) indicate the view areas of (E), (F) and (G). White arrow heads indicate
the detected residual tumors after BLS.
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Fig. 4.
Imaging of PDOX tumor labeled with fluorescent anti-CA19-9 antibody. The primary
PDOX tumor, labeled with fluorescent anti-CA19-9 antibody, was imaged with the OV100
at a magnification of 0.14× and 0.56× (A and B), the Dino-Lite at a magnification of 30×
(C) and the MVX10 at a magnification of 1.6× (D). The MVX10 at a magnification of 3.2×
did not detect any signals from the residual tumor (G). The OV100 at a magnification of
0.89× could not distinguish the residual tumor from background (E). The Dino-Lite at a
magnification of 50× could clearly distinguish the residual tumor from background (F).
Boxes in (A) indicate the view areas of (B), (C) and (D). The areas surrounded by white
broken lines indicate the estimated residual tumor areas after BLS.
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