
Abstract. Background/Aim: Pancreatic cancer is a
recalcitrant disease with 5-year survival of only 12%.
Improved mouse models of pancreatic cancer are critical for
discovery of effective therapeutics. Materials and Methods:
Orthotopic mouse nude-mouse models of pancreatic cancer
were established with the human pancreatic-cancer cell line
Panc-1 expressing green fluorescent protein (GFP) by
transplanting tumor fragments into the pancreas, using the
procedure of surgical orthotopic implantation (SOI). Four
weeks after establishment of the orthotopic models, the mice
were imaged with the Analytik Jena UVP Biospectrum
Advanced with a very-narrow-band-width excitation at 487 nm
and peak emission at 513 nm. Results: Non-invasive
fluorescence imaging of the mice implanted with Panc-1-GFP
showed a very bright tumor in the area of the pancreas and
peritoneal cavity. The skin background autofluorescence was
absent. When a laparotomy was performed on the mouse for

open imaging, the tumor on the pancreas was clearly imaged.
There was very clear concordance of the non-invasive image
and the image obtained during laparotomy. Conclusion: A
precise orthotopic mouse model of pancreatic cancer was
developed in which there was high concordance between non-
invasive and invasive fluorescence imaging due to the ultra-
bright signal and ultra-low background using very-narrow-
band-width laser fluorescence excitation. This model can be
used for high-throughput in vivo screening for improved
therapeutics for pancreatic cancer.

Pancreatic cancer is a recalcitrant disease with a 5-year survival
rate of 12% (1). Improved mouse models of metastatic
pancreatic cancer are needed. We developed orthotopic models
of cancer, including the patient-derived orthotopic xenograft
(PDOX) model of cancer, comprising pancreatic and other
cancers, more than 30 years ago (2). We have also evaluated
therapies with the pancreatic-cancer PDOX model (3-5). In
order to develop a model for high-throughput in vivo screening
of novel therapeutics, a readily-imageable mouse model of
pancreatic cancer is necessary. Our laboratory pioneered in vivo
imaging with fluorescent proteins (6-14).

In the present report, we demonstrate an orthotopic model
of pancreatic cancer expressing green fluorescent protein
(GFP) imaged with a very-narrow-band-width laser apparatus,
the UVP Biospectrum Advanced (Analytik Jena US LLC,
Upland, CA, USA). This precise model can non-invasively
visualize the growth of primary and metastatic pancreatic
cancer with a very strong signal and no background from skin
autofluorescence, and with high concordance to imaging via
laparotomy. 
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Materials and Methods
Cell line. Panc-1, a human pancreatic cancer cell line, was stably
transduced to express green fluorescent protein (GFP) as previously
described and used for in vivo experiments (9). Panc-1 cells were
cultured in DMEM with 10% fetal bovine serum.

Mice. To conduct this study, 4-6-week-old nu/nu mice were used
(AntiCancer Inc., San Diego, CA, USA). Mice were bred and
maintained in a barrier facility with HEPA filtration. The AntiCancer
Institutional Animal Care and Use Committee approved all mouse
investigations. All investigations were conducted in accordance with
the ARRIVE 2.0 criteria (15).

Surgical orthotopic implantation (SOI). After culturing in flasks,
Panc-1-GFP cells were injected subcutaneously into the flanks of
nude mice and allowed to engraft and proliferate for 3-4 weeks to
form subcutaneous tumors. Subsequently, 30 mm3 tumor fragments
from subcutaneous tumors were sutured to the tail of the pancreas
using 7-0 PDS-II surgical sutures (Ethicon, Inc., Somerville, NJ,
USA). The incision was closed in one layer using 5-0 PDS-II surgical
sutures (Ethicon, Inc.) (2).

Imaging. A UVP Biospectrum Advanced imaging instrument
(Analytik Jena US LLC, Upland, CA, USA) was used in the present
study with excitation at 487 nm and peak emission at 513 nm.

Results
Non-invasive images, obtained with the Biospectrum
Advanced, of the pancreatic tumor showed a very brilliant
fluorescent, well-defined tumor in the peritoneal cavity,
measuring approximately 17.21 mm × 15.48 mm with no
background from skin autofluorescence (Figure 1A). Images
obtained from the right and left sides of the abdomen
showed that the tumor was within the peritoneal cavity
(Figure 1B and C). Opening the skin and peritoneum of the
abdomen and imaged, showed that the tumor was growing
within the peritoneal cavity with apparent peritoneal
metastasis (Figure 2).

Discussion

The present report described an important advance in the
development of imaging mouse models of pancreatic
cancer that precisely visualizes the main features of
clinical pancreatic cancer. The model can be rapidly non-
invasively imaged in less than one second with a very high
signal and no background from skin autofluorescence. Τhe
primary pancreatic cancer, as well as metastases, were
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Figure 1. Non-invasive fluorescence images of the primary pancreatic cancer growing in the pancreas and expressing GFP. A) Front side. B) Right
side. C) Left side.



imaged non-invasively with high concordance with open
imaging. This model will enable the rapid screening of
drugs that can target primary and metastatic metastatic
pancreatic cancer to improve the outcome of this
recalcitrant disease.

The present study demonstrates the very high power of
imaging with GFP using instruments that comprise very-
narrow-band-width laser excitation. Our laboratory pioneered
in vivo imaging with fluorescent proteins starting in the last
century (6-14).

The present study should set the field of small-animal
imaging on its proper course as it has been severely set back
and confused by misinformation that GFP is inappropriate
for in vivo imaging due to skin autofluorescence (16-18),
which as the present study shows is readily overcome by
very-narrow-band fluorescence excitation.

Conflicts of Interest

AW, NC, ST and SG are employees of Analytik Jena. YA, YT,
NM, KO, SM and RMH are non-salaried associates of AntiCancer
Inc. AntiCancer Inc. uses mouse models of cancer for contract
research.

Authors’ Contributions 

YK, AW, NC, ST, SG, YA, NM, KO, and SM performed experiments.
YK and RMH wrote the article. TT critically reviewed the article.

Acknowledgements

This paper is dedicated to the memory of A. R. Moossa, MD, Sun
Lee, MD, Gordon H. Sato, PhD, Professor Li Jiaxi, Masaki
Kitajima, MD, Shigeo Yagi, PhD, Jack Geller, MD, Joseph R
Bertino, MD, and J.A.R. Mead, PhD. The Robert M. Hoffman
Foundation for Cancer Research provided funds for this study.

References

1 Ferrone CR, Brennan MF, Gonen M, Coit DG, Fong Y, Chung
S, Tang L, Klimstra D, Allen PJ: Pancreatic adenocarcinoma: the
actual 5-year survivors. J Gastrointest Surg 12(4): 701-706,
2008. DOI: 10.1007/s11605-007-0384-8

2 Fu X, Guadagni F, Hoffman RM: A metastatic nude-mouse
model of human pancreatic cancer constructed orthotopically
with histologically intact patient specimens. Proc Natl Acad Sci
USA 89(12): 5645-5649, 1992. DOI: 10.1073/pnas.89.12.5645

3 Hiroshima Y, Maawy A, Zhang Y, Zhang N, Murakami T,
Chishima T, Tanaka K, Ichikawa Y, Bouvet M, Endo I,
Hoffman RM: Patient-derived mouse models of cancer need
to be orthotopic in order to evaluate targeted anti-metastatic
therapy. Oncotarget 7(44): 71696-71702, 2016. DOI:
10.18632/oncotarget.12322

4 Kawaguchi K, Miyake K, Han Q, Li S, Tan Y, Igarashi K, Lwin
TM, Higuchi T, Kiyuna T, Miyake M, Oshiro H, Bouvet M,
Unno M, Hoffman RM: Targeting altered cancer methionine
metabolism with recombinant methioninase (rMETase)
overcomes partial gemcitabine-resistance and regresses a
patient-derived orthotopic xenograft (PDOX) nude mouse
model of pancreatic cancer. Cell Cycle 17(7): 868-873, 2018.
DOI: 10.1080/15384101.2018.1445907

5 Sugisawa N, Yamamoto J, Han Q, Tan Y, Tashiro Y, Nishino H,
Inubushi S, Hamada K, Kawaguchi K, Unno M, Bouvet M,
Hoffman RM: Triple-methyl blockade with recombinant
methioninase, cycloleucine, and azacitidine arrests a pancreatic
cancer patient-derived orthotopic xenograft model. Pancreas
50(1): 93-98, 2021. DOI: 10.1097/MPA.0000000000001709

6 Hoffman RM: The multiple uses of fluorescent proteins to
visualize cancer in vivo. Nat Rev Cancer 5(10): 796-806, 2005.
DOI: 10.1038/nrc1717

7 Chishima T, Miyagi Y, Wang X, Yamaoka H, Shimada H,
Moossa AR, Hoffman RM: Cancer invasion and micrometastasis
visualized in live tissue by green fluorescent protein expression.
Cancer Res 57: 2042-2047, 1997.

8 Yang M, Baranov E, Jiang P, Sun FX, Li XM, Li L, Hasegawa
S, Bouvet M, Al-Tuwaijri M, Chishima T, Shimada H, Moossa
AR, Penman S, Hoffman RM: Whole-body optical imaging of
green fluorescent protein-expressing tumors and metastases.
Proc Natl Acad Sci USA 97(3): 1206-1211, 2000. DOI: 10.1073/
pnas.97.3.1206

9 Hoffman RM, Yang M: Whole-body imaging with fluorescent
proteins. Nat Protoc 1(3): 1429-1438, 2006. DOI: 10.1038/
nprot.2006.223

Kubota et al: Precise Imaging Model of Pancreatic Cancer

32

Figure 2. Fluorescence images acquired from opening the skin and
peritoneum of the abdomen showing the primary tumor growing on the
pancreas and expressing GFP.



10 Hoffman RM, Yang M: Subcellular imaging in the live mouse.
Nat Protoc 1(2): 775-782, 2006. DOI: 10.1038/nprot.2006.109

11 Hoffman RM, Yang M: Color-coded fluorescence imaging of
tumor-host interactions. Nat Protoc 1(2): 928-935, 2006. DOI:
10.1038/nprot.2006.119

12 Yang M, Jiang P, Hoffman RM: Whole-body subcellular
multicolor imaging of tumor-host interaction and drug response
in real-time. Cancer Res 67: 5195-5200, 2007. DOI:
10.1158/0008-5472.CAN-06-4590

13 Chishima T, Yang M, Miyagi Y, Li L, Tan Y, Baranov E,
Shimada H, Moossa AR, Penman S, Hoffman RM: Governing
step of metastasis visualized in vitro. Proc Natl Acad Sci USA
94(21): 11573-6, 1997. DOI: 10.1073/pnas.94.21.11573

14 Chishima T, Miyagi Y, Wang X, Baranov E, Tan Y, Shimada H,
Moossa AR, Hoffman RM: Metastatic patterns of lung cancer
visualized live and in process by green fluorescence protein
expression. Clin Exp Metastasis 15(5): 547-52, 1997. DOI:
10.1023/a:1018431128179

15 Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M,
Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, Garner
P, Holgate ST, Howells DW, Hurst V, Karp NA, Lazic SE,
Lidster K, MacCallum CJ, Macleod M, Pearl EJ, Petersen OH,

Rawle F, Reynolds P, Rooney K, Sena ES, Silberberg SD,
Steckler T, Würbel H: Reporting animal research: Explanation
and elaboration for the ARRIVE guidelines 2.0. PLoS Biol
18(7): e3000411, 2020. DOI: 10.1371/journal.pbio.3000411

16 Weissleder R: A clearer vision for in vivo imaging. Nat
Biotechnol 19(4): 316-317, 2001. DOI: 10.1038/86684

17 Weissleder R, Pittet MJ: Imaging in the era of molecular
oncology. Nature 452(7187): 580-589, 2008. DOI: 10.1038/
nature06917

18 Gross S, Piwnica-Worms D: Spying on cancer: molecular
imaging in vivo with genetically encoded reporters. Cancer Cell
7(1): 5-15, 2005. DOI: 10.1016/j.ccr.2004.12.011

Received October 8, 2023
Revised October 19, 2023

Accepted October 20, 2023

CANCER DIAGNOSIS & PROGNOSIS 4: 30-33 (2024)

33


