
Abstract. Background/Aim: A more realistic mouse model of
bladder cancer is necessary to develop effective drugs for the
disease. Tumor models enhanced by bright fluorescent-reporter
genes to follow the disease in real-time would enhance the
ability to accurately predict the efficacy of various therapeutics
on this particularly-malignant human cancer. Materials and
Methods: A highly-fluorescent green fluorescent protein (GFP)-
expressing bladder cancer model was orthotopically established
in nude mice using the UM-UC-3 human bladder-cancer cell
line (UM-UC-3-GFP). Fragments from a subcutaneous tumor
of UM-UC-3-GFP were surgically implanted into the nude
mouse bladder. Non-invasive and intra-vital fluorescence
imaging was obtained with a simple imaging box. Results: The
GFP-expressing orthotopic bladder tumor was imaged in real-
time non-invasively as well as intra-vitally, with the two
methods correlating at r=0.99. Conclusion: This is the first non-
invasive-fluorescence-imaging orthotopic model of bladder
cancer and can be used for rapidly screening novel effective
agents for this recalcitrant disease.

Transitional-epithelium-derived bladder cancer is a
recalcitrant disease. Our laboratory has developed an intact-
tissue method of orthotopic implantation of human tumors in
nude mice termed surgical orthotopic implantation (SOI) (1).
We developed an SOI mouse model of bladder cancer thirty
years ago, which was the first to show metastases (2-4).
Orthotopic models are more accurate cancer models than
subcutaneous xenografts, which typically do not metastasize

(5) and may respond differently to chemotherapeutic agents
than in situ human disease (6). By accurately modeling
human disease, orthotopic xenograft models may be used to
develop and test various therapeutics and predict their activity
on human cancer. For an orthotopic model to fully express its
malignant potential, SOI of intact tissue is necessary, as
opposed to orthotopic injection of cells (2, 7, 8). 

Our laboratory pioneered the in vivo use of the green
fluorescent protein (GFP) to establish orthotopic fluorescent
human cancer xenografts (9-15). In these models, the GFP
gene is stably transduced into human cancer cell lines, which
subsequently express GFP at high levels in vitro and in vivo,
including primary and metastatic tumors. We have used this
technology to engineer fluorescent orthotopic models of
pancreatic cancer (9-11), as well as lung cancer (12), prostate
cancer (13), colon cancer (16), sarcoma (17), stomach cancer
(18), melanoma (19), glioma (20), nasopharyngeal cancer
(21), liver metastases (22), head and neck cancer (23) and
breast cancer (24). We also developed an orthotopic model
of GFP-expressing bladder cancer that could be imaged
intra-vitally (15). 

Recently, Naito et al. reported a cell-injection orthotopic
model of UM-UC-3 bladder cancer (25). Huebner et al. have
developed a luciferase-expressing cell-injection orthotopic
model of UM-UC-3 bladder cancer (26). However, luciferase
produces a weak signal that cannot be imaged and relies on
expensive and cumbersome photon counting (27, 28). In the
present study, we developed a new GFP-expressing SOI model
of human bladder cancer using UM-UC-3-GFP that could be
imaged non-invasively, without anesthesia, with a simple foot-
pedal-controlled light box, as well as intra-vitally imaged. 

Materials and Methods
Mice. Female nude nu/nu mice 6-8 weeks (AntiCancer, Inc., San
Diego, CA, USA) were used. An inspection was performed to
ensure their suitability for the study before cancer-cell implantation.
The animals were maintained in a HEPA-filtered environment in a
Micro-VENT full-ventilation rodent housing system (Allentown
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Caging Equipment Co., Allentown, NJ, USA) at AntiCancer, Inc.
Animal-room controls were set to maintain temperature and relative
humidity at 22˚C±2˚C and 55%±15%, respectively. The rooms were
lit by artificial light for 12 h each day. Cages and bedding were
autoclaved. Water was purified by Milli-Q Biocel System
(Millipore, Billerica, MA, USA), autoclaved and supplied ad libitum
to each cage via water bottles. Autoclavable rodent diet 5010 was
obtained from PMI Nutrition International Inc. (Brentwood, MO,
USA). All animals were weighed using an electronic balance
(Spectrum; APX-203, Gardena, CA, USA) and given a clinical

examination to ensure that they were in good condition. All animal
studies were conducted with an AntiCancer Institutional Animal
Care and Use Committee (IACUC)-protocol approved for this study
and in accordance with the principles and procedures outlined in the
National Institutes of Health Guide for the Care and Use of Animals
under Assurance Number A3873-1 (29).

Cell line. UM-UC-3-GFP cells (AntiCancer Inc.) were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 1%
penicillin and streptomycin (Invitrogen) and 10% fetal bovine serum
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Figure 1. Comparison of non-invasive and invasive (intra-vital) imaging of the orthotopic bladder tumor.



(Sigma-Aldrich). The cells were incubated at 37˚C in a humidified
atmosphere of 5% CO2 in air.

Orthotopic mouse model. UM-UC-3-GFP cells (5×106) in 100 μl
PBS were initially subcutaneously injected on both flanks in nude
mice. After subcutaneous tumor growth, the tumors were excised
and divided into small fragments and 5 mice were implanted
orthotopically with one 2 mm3 fragment of tumor on the bladder
using SOI in each mouse. 

The establishment of a bladder cancer orthotopic model was as
follows: A 5 mm incision was made on the lower-abdominal area
and the bladder was exposed from the intra-abdominal space. Then,
a 2 mm3 tumor fragment was implanted on the dome of the bladder
using 7-0 surgical sutures. The bladder was returned to the intra-
abdominal space and the incision was closed in one layer using 6-0
surgical sutures.

Fluorescence imaging. Tumor size, using both non-invasive and
intra-vital imaging, was measured using the real-time fluorescence
imaging FluorVivo system and its software (INDEC Systems, Santa
Clara, CA, USA). Non-invasive imaging was recorded through the
intact skin. Invasive intra-vital imaging was recorded during
laparotomy. Non-invasive imaging and intra-vital imaging were
evaluated on days 7, 14, 21 and 28 after implantation. All the mice
were euthanized on day 28. At autopsy, the abdominal cavity was
opened to image the primary tumor and metastasis. 

Tumor-size and body-weight measurement. Tumor size was
measured once a week using the FluorVivo. Body weight was
recorded using an electronic scale. The approximate tumor volume
was calculated by measuring the perpendicular minor dimension
(W) and major dimension (L). Approximate tumor volume (mm3)
was calculated with the formula (W × W × L) × 1/2. Fluorescence
area was measured using ImageJ 1.52a software (National Institutes
of Health). 

Statistical analysis. Correlation was measured using the Pearson
product-moment correlation coefficient: p≤0.05 was considered
statistically significant.

Results

Tumor growth monitoring. Tumor progression was visualized
both by non-invasive and intra-vital imaging (Figure 1). 

Over 28 days, the mean fluorescence area increased from
20.5 mm2 to 112.1 mm2 in the non-invasive images and from
25.2 mm2 to 119.4 mm2 in the intra-vital images (Figure 2A).

Over 28 days, the mean tumor volume increased from
62.3 mm³ to 781.6 mm³ in the non-invasive images and from
87.4 mm³ to 862.0 mm³ in the intra-vital images (Figure 2B).

Metastasis incidence. All the mice were sacrificed at the
end of the study on day 28. Three of 5 mice had metastasis,
as examined by necropsy. Among the 3 mice which had
metastasis, 3 mice had mesenteric lymph-node metastasis,
2 mice had lumber lymph-node metastasis, testicular
metastasis and pancreatic metastasis and 1 mouse had liver
metastasis (Figure 3).

Correlation of non-invasive and intra-vital imaging. There
was a positive correlation between non-invasive and invasive
imaging for both tumor volume (R=0.9949, p<0.0001) and
fluorescent area (R=0.9971, p<0.0001) (Figure 4).

There was a positive correlation between tumor volume
and fluorescent area for both non-invasive imaging
(R=0.9951, p<0.0001) and intra-vital imaging (R=0.9939,
p<0.0001) (Figure 5).
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Figure 2. Orthotopic bladder-cancer growth curves comparing non-invasive and intra-vital imaging. (A) Tumor growth monitored by fluorescent
area; (B) Tumor growth monitored by volume.



Body weight monitoring. The mean body weight decreased
gradually during the experimental period due to cachexia
because of the orthotopic bladder cancer and metastasis. The
body-weight ratio is shown in Figure 6. The final body-
weight ratio (day 28/day 1) was 0.89±0.21.

Discussion

To the best of our knowledge, this study is the first to report
a non-invasive fluorescence-imaging orthotopic bladder-
cancer mouse model. 

We were the first to report that tumor fluorescence enables
real-time, sequential whole-body imaging and quantification
of tumor burden without the need for anesthesia, laparotomy,
contrast agents, or invasive procedures using fluorescent
proteins (14, 27). The visualized area of fluorescence emitted
by the internally-implanted tumors correlated significantly
with tumor volume, as calculated using standard
measurements obtained at autopsy (30). Tumor weight also
correlated with tumor fluorescence (31).

The cellular orthotopic methods of bladder cancer
described by Huebner et al. (26) and Naito et al. (25) where
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Figure 3. Representative images of metastasis at autopsy. Yellow arrows: liver metastasis; Orange arrow: pancreatic metastasis; Red arrow: lumbar
lymph-node metastasis; Blue arrows: testicular metastasis; White arrows: mesenteric lymph-node metastasis.

Figure 4. Correlation of tumor size between non-invasive and intra-vital imaging. (A) Comparison of non-invasive and intra-vital tumor volume.
R=0.9949, p<0.0001; (B) Comparison of non-invasive and intra-vital fluorescent area. R=0.9971, p<0.0001.



cancer cells were installed in the bladder whose inner surface
was previously modified, resulted in inconsistent models. The
present report describes a much simpler and reproducible
model of suturing tumor fragments on the bladder. A
luciferase-expressing orthotopic bladder-cancer model was
previously reported by Huebner et al. (26). However,
luciferase expression is too weak for imaging and only allows
photon counting, which requires expensive and cumbersome
equipment (27).

Our improved GFP-expressing orthotopic bladder cancer
mouse model can be used to elucidate the therapeutic
mechanisms of existing agents and to develop novel
therapeutics for recurrent bladder cancer. Non-invasive
imaging, using very simple equipment, will allow rapid
screening to identify effective new agents.
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Figure 5. Correlation of tumor volume and fluorescent area. (A) Comparison of tumor volume and fluorescent area in non-invasive images.
R=0.9949, p<0.0001; (B). Comparison of tumor volume and fluorescent area in intra-vital images. R=0.9939, p<0.0001.
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