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Abstract, The effectiveness of oral 5-FU in suppressing liver
metastasis was assessed ina highl-metastatic mouse model.
Doses of 20 and 25 mglkg oral 5-FU significantly suppressed
primiary and metastatic fumor growth (p=0.012),  These
mhibitory effects were more dramatic in suppressing  liver
metastasis (p=040).  The efficacy of 5-FU was visualized by
whole-body - fluorescence imaging of the green fluovescent
protein-expressing tumor and 165 subsequent metastases. Toviciy
was observed only in the 30 mgke dose. Furthermore, we
showed that the non-taxic doses of 5-FU significantly prolonged
survival in these animals,  These data suggest the imporiant
climtcal potential of aral 3-FU

Fluorouracil (5-FU), a pyrimidine analog. is used for
gastromntestinal and other cancers (2-5). Unfortunately, 5-F1J
has had limited efficacy (6-9). However, the efficacy of 5-FU
can be enhanced if it is administered with agents such as
leucovorin or by regional administration to the liver and
peritoneal cavity (5,8).

5-FU is converted to two activated forms: 5-fluorouridine
triphosphate  (FUTP)  and  5-fluoro-2"-deoxyuridine
monophosphate (FAUMP) (15-19). FUTP and FAUMP act at
both RNA and DNA levels (15-19). In order to improve 5-
FU cfficacy, we investigated the cffects of oral 5-FU on liver
metastasis in a highly metastatic fluorescent mouse model.,

Strong fluorescent labeling with green fluorescent protein
(GFFP) along with inexpensive video detectors, positioned
external to the mouse, allowed the monitoring of details of
tumor growth and metastatic spread in the mouse model (20-
23).

Materials and Methods

Animals. Male athymic NCR nude mice between 5 and 6 weeks of age
were used i this study, The ammals were bred and maintained i oa
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HEPA-filtered environment with cages, food and bedding sterilized by
amtoclaving. Al animal studies were conducted in sccordance with the
principles and procedures outlined in the National Institute of Health
Guide for the Care and Use of Animals under Assurance Number
AJETE-1

Green  fluorescent  protein (GFP) expression (20231 The
retroXpress vector pLEIN was purchased from Clontech Laboratorices
Inc. (Palo Alo, CA, USA), The pLEIN vector expresses enhanced GFP
and the neomycin resistance gene on the same bicistronic message.
pLEIN was produced i FT6T packaging cells

For vector production, PT6T cells, at T0% conflucncy, were incubated
with a precipitated misture of  N-[1-{2.3-dioleoyviony jpropyl|-N_N.N-
trimethylammoniummethyl-sulfate reagent and saturating amounts of
PLEIN plasmid for 18hours. Fresh medium was replenished at this time.
The cells were examined by fluotescence microscopy 48 hours post
transfection. For selection, the cells were cultured in the presence of
200 100K pg/ml G418 for Tdays,

Vecir

In vive GFP ransducnon. For in ovive GFP gene transduction, twi
fragments (1 mm”} of the AC4EE liver metastatic model, derived from a
liver metastases of & patient with colon cancer. were implanted in the
colon of cach of 3 nude mice as described befow, Twenty-four hours
after the wmor fragments were implanted, 1 ml of retrovieal supernatam
of PT 67 cells was injected into the peritoneal cavity of the nude mice
once every day for 3 days. The nude mice were sacrificed 1o harvest the
GFP-expressing tumor fragments two weeks after injection of retroviral
supernatants of FT 67 cells, The selected GFP-cxpressing fragments
were re-transplanted in the colon of additional mice for further selection
of GFP expression,

Metastatic animal model, A tumor fragment (1 mo ) from o GEP-
expressing ACFEE liver metastasis (24,25) from a single animal was
implamed as follows: after proper exposure of the colon following
lower muidline abdominal incision, the serosa of the colon was removed
and two pieces of | mm’ umor fragment per mouse were implanted. An
80 surgical suture was used to penetrate these smull tumor picces and
suture them on the wall of the imestine. The intestine was then returned
tor the abdominal cavity. The incision in the abdommal wall was closed
with a 6-0 surgical suture in one layer. The animals were kept under
isoflurane anesthesia during surgery. All procedures of the operation
deseribed above were performed with & 7 = magnification microscope
(Olympus). The animals were kept in a barmer facility under HEPA
filtratiom.

Whole-body  opiical imaging of GFP-expressing mimor growth  and
metastasis (20-23). Microscopy A Leica fluorescence sterco microscope
model LZ12 equipped with a mercury S0W lamp power supply was used
Tu visualize GFP and flucreseence, excitation was produced through a
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Figure 1. Percent survivad rate is compared Jor the different doses of 5-FU and the contvol group, Twenty and 23 mgikg doses of 5-FU imcreased survival
comprared 1 the conral. 3-FU ar 30 mglkg was wavie. Unlike the 5-FU-wreated nuice, none of the animals in the control group survived the duration of the

sy,

D425/60 band pass filter and 470 DCXR dichroic mirror. Emitted
fluorescence was collected through a long pass filter GGA75 (Chroma
Technology, Brattleboro, VT, USA ). Macroimaging was carried out in a
light box (Lightools Research, Encimitas, CA, USA).  Fluorescence
excitation of GFP tumors was produced through an interference filter
4404/ nm illumination.
Fluorescence was observed through a 520 nm long pass filter. Images
from the microscope and light box were captured on & Hamamatsu
CR1 F-chop cooled  color CCD camera  {Hamamatsu  Photonics
Svstems, Bridgewater, NI, USA).  Images were processed for contrast
and brightness and analyzed with the use of IMAGE PRO PLUS 3.1
software  (Media  Cyvbernetics, Silver Springs, MD. USA). High-
resolution images of 1,024 x 724 pivels were captured directly on an 1BM
PC or continuonsly through video output on a high-resolution Sony
VICR, model SEV-R KK (Sony, Tokvo, Japan).

using  slit fiber  optics  for  animal

Arvalysis of metasiases. The time course of tumor progression wis tracked
by GEFP whole-body  imaging  after  transplantation.
Periodically. the tumor-bearing mice were examined in the fluorescence
light box. The time of tumor oceurrence in different organs and the
numbers of metastases were recorded.

fluorescence

Sy design. Three days after implantation, the mice were randomized
into 4 different groups of 10 mice each for treatment purposes. Groups
1-3 received 20025, and 30 me/ke of 5-FU, respectively, Group 4 served
as the negative control and did not receive any treatment. 5-FLU {Kvowa
Hakko Kogvo Co., Lud, Tokyo, Japan) was diluted in water and
administered orally. Dosing was performed evervday for three weeks,
GEFFP imaging was performed on each mouse twice a week,

Results and Discussion

The survival ime of the mice in each of the treated groups
was compared to that of the vehicle by the log rank test. The

mice in the 20 and 25 mg'kg 5-FU groups had a mean survival
time of approximately 56 days for both doses compared to 40
days for control (p=0.042 and (.02, respectively). As can be
seen in Figure |, 30% of the animals in the 30 mg'kg group
died between days 13 and 1% of the study indicating toxicity.
None of the animals in the other three groups died during this
period of time (Figure 1). Figure | shows the extended
survival of the 20 and 25 mg/kg groups.

A series of whole-body GFP images show the real-time
progression of primary and metastatic tumor growth in the
control and the 20, 25/ and 30mg/kg 5-FU groups (Figures 2-
4). These whole-body images over the abdominal area showed
that the primary and the metastatic tumor areas increased less
in the treated groups than the control groups (Figures 2-4)
(p=0.012) for both the 20 and 25 mg/kg groups.

Transforming the tumors with GFP enables better
detection of primary tumor growth and metastasis {20-23).
Visualizing cancer cells that stably express GEP movive s far
more sensitive and rapid than the traditional cumbersome
procedures of histopathelogical examination or immuno-
histochemistry, which also require sacrifice of the amimal.
GFP expression in the tumor cells 18 stable over indefinite
time periods, allowing the quantitative imaging of tumor
growth and metastasis formation. The wvery bright GFP
fluorescence enables internal tumors and metastases to be
externally observed in critical organs such as the liver. No
contrast agents, substrates, radioactive materials, anesthesia,
or treatment need to be administered 1o the animals; just blue
light illumination is necessary {20-23),
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Three different doses of 3-FU (20, 25 and 30 mg'kg) were
compared against control mice thal reccived no freatment.
The results showed that 5-FU prolonged the survival time of
the treated animals al doses of 20 mg'ke and 25 mg'kg
(Figure 1), Statistically significant differences in survival were
abserved between these two groups and the control (p=0.042
for 20 meg/kg of 5-FU and p=0.02 for 25 mg/kg of 3-FU). 3-
FU was toxic al 30 mg'ke. Both primary and liver metastasis
tumor areas were significantly smaller, as measurcd by GFP
whole-hody imaging for all doses of 3-FU, compared to the
control mice (Figures 2-4). These data suggest that oral doses
of 20-25 me/kg 5-FU result in suppression of metastatic tumor
growth. These data suggest that clinical e¢fficacy may also be
achieved with preventing metastasis using oral 5-FLUL
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