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tumour cells in vitro and in vivo
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Abstract

5-Fluorouracil (5-FU) and 5'-deoxy-5-fluorouridine (5-DFUR), a prodrug of 5-FU, are representative of the chemotherapeutic
agents for colorectal adenocarcinomas. Pyrimidine nucleoside phosphorylase (PyNPase) catalyses the conversion of 5-DFUR to
5-FU, the activated form. Murine adenocarcinoma CT26 cells were transfected with human PyNPase cDNA. The engineered trans-
fectants producing PyNPase augmented the response to S-DFUR in vitro and in vivo. Animals were administered by means of
intraperitoneal (i.p.) injection, and not orally, in order to obtain a better efficiency of absorption. The tumours of the transfected
cells nearly all disappeared, even following treatment with quite a small amount of the anticancer agent. The animals injected with
the tranfected cells were protected against subsequent challenge with the parental tumour cell line. These findings demonstrate that
PyNPase gene transfection increases the sensitivity to 5-DFUR, and thereby decreases the toxicity of the agent. © 2002 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

It has been difficult to find suitable medical treatments
against advanced colorectal adenocarcinomas, including
those with invasion, dissemination and metastasis with
multiple lesions.

5-Fluorouracil (5-FU) is representative of the anti-
cancer agents that are most effective [1-7], although only
5-20% of the patients respond in advanced colorectal
cancer [8]. The application of 5-FU is limited due to
side-effects including gastrointestinal toxicity and myelo-
suppression. 5-Deoxy-5-fluorouridine (5-DFUR) is a
derivative of 5-FU and results in less toxicity. It has a
higher therapeutic index [9-14], and is associated with
less immunosuppression [15,16] and also induces a
lower grade of leucopenia than 5-FU [17]. It is a pro-
drug of 5-FU that is cleaved into 5-FU.

Pyrimidine nucleoside phosphorylase (PyNPase) cat-
alyses the reversible phosphorolysis of pyrimidines in
the nucleotide synthesis pathway [18]. PyNPase accepts
both thymidine and uridine in the bacterium, whereas it
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is specific for thymidine in mammalian cells [18]. It also
enzymatically converts 5-DFUR to 5-FU [8].

A potent strategy for cancer treatment is the transfer
of a gene into cancer cells that encodes an enzyme
that renders them susceptible to a prodrug such as
5-DFUR. This can result in a reduced toxicity associated
with the prodrug in untransfected cells and the trans-
fected tumour cells are more susceptible to the anti-
cancer drug. A bystander effect also contributes to the
success of the gene therapy [19].

PyNPase shares 40% sequence similarity with human
thymidine phosphorylase (TP), which has been impli-
cated as a growth factor in tumour angiogenesis. TP is
identical to a tumour angiogenic factor, platelet-derived
endothelial cell growth factor (PD-ECGF) [20,21]. TP
phosphorolytically cleaves thymidine to yield thymine
and 2-deoxyribose-1-phosphate. TP only promotes
angiogenesis in the presence of thymidine [22]. The
control of angiogenesis could occur either by regulating
extracellular thymidine levels or by the amount of
TP activity which produces 2-deoxyribose-1-phosphate
followed by the formation of 2-deoxyribose as an
angiogenic factor by dephosphorylation [23,24].

We determined here a strategy of PyNPase over-
expression in CT26 colon adenocarcinoma cells and
studied its effectiveness in vitro and in vivo.
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2. Materials and methods
2.1. Cell lines and mice

The CT26 tumour cell line a poorly immunogenic
murine colon carcinoma established from a N-nitroso-
N-methylurethane-induced transplantable tumour was
used [4]. This cell line was obtained from Hoffmann-La
Roche (Kamakura, Japan) and was maintained in Dul-
becco’s Modified Eagle medium (Nissui Pharmaceu-
tical, Co., Japan) supplemented with 10% fetal bovine
serum (Gibco BRL, USA), 2x10~> M 2-mercaptoetha-
nol, 2M-L-glutamine, and antibiotics at 37 °C in a 5%
COs-incubator. 6-week-old, pathogen-free BALB/c
female mice were used for the in vivo model.

2.2. Human PyNPase cDNA sub-cloning

The pBluescriptSK + vector containing a full-length
human PyN Pase cDNA was kindly provided by Dr Eda
(Hoffmann-La Roche, Kamakura, Japan) The full
length human PyNPase cDNA was obtained by digest-
ing the pBluescriptSK + vector with EcoRI. This cDNA
was then ligated into the multi-cloning site of the mam-
malian expression vector PCI (Promega, Madison,
USA) (PyNPCI). The PyNPCI vector was transformed
into competent cells, Escherichia coli (DHS5a), and the
plasmid DNA was purified by using a Plasmid Kit
(Qiagen, Courtaboeuf, France). Digestion of the
PyNPCI with BamHI and EcoRI was carried out to
make sure that the PyNPase cDNA was inserted into
the plasmid in the correct orientation.

2.3. Human PyNPase expression in CT26 cells

CT26 cells were co-transfected with the PyNPCI and
the pSV,neo vector by using a lipofection method. 5 pg
of the PyNPCI and 0.66 pg of the pSV,neo were added
to 30 pul of DOTAP Liposomal Transfection Reagent
(Boehringer, Mannheim). The DOTAP/nucleic acid
mixture was gently mixed with 6 ml culture medium.
Culture medium was removed and the culture medium
containing the DOTAP/nucleic acid mixture was added
to the CT26 cultured dish. The cells were incubated
with the DOTAP/nucleic acid mixture for 9 h. The
medium was replaced with fresh culture medium and
the cells were further incubated. Stable transfectants
were then selected in medium containing 1 mg/ml of the
neomycin analogue Geneticin (active concentration of
687 pg/mg of G418, GIBCO). The transfection effi-
ciency was determined by using an enzyme-linked
immunosorbent assay (ELISA) with monoclonal anti-
bodies (MADbs) specific to human PyNPase as previously
described in Ref. [25]. These MAbs were kindly pro-
vided by Dr Eda (Hoffmann-La Roche, Kamakura,
Japan).

2.4. MTT assay for the detection of sensitivity to
anticancer drugs

Chemosensitivity was assessed by using the tetra-
zolium salt 3-(4,5-dimethylthiazolyl-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) (Sigma No. M2128) to
measure the viability of the tumour cells [26,27]. 100 pl
of tumour cell suspension (1x10° cells/ml) was added to
100 pl of each drug solution in 96-well flat-bottomed
microtitre plates (Corning No. 23860), and incubated at
37 °C in a humidified 5% CO, atmosphere for 96 h. The
chemosensitivity assay was assessed in triplicate. Three
microtitre wells containing tumour cells suspended in
200 pl of complete medium (total tumour cell number
was equivalent to that in the sample wells) were used as
controls for cell viability, and three wells containing
only complete medium were used as controls for non-
specific dye reduction. After that incubation, the plates
were centrifuged, the supernatants removed, and 15 pl/
well of MTT solution with 10 uM of sodium succinate
was added to all of the wells [28]; the mixture was
pipetted thoroughly to dissolve the dark blue crystals.
The plates were then read on a microplate reader
(Corona Electric, MTP-32) using a test wavelength of
550 nm and a reference wavelength of 630 nm. The
control wells without tumour cells had an Optical
Density (OD) of less than 0.001. The background of
tumour cells (including dead cells) without the addition
of MTT had an OD of less than 0.02 after 96-h incuba-
tion, and therefore the influence of the dead tumour
cells could be discounted in the present study.

2.5. In vivo experiments

Tumours were generated by subcutaneous (s.c.) injec-
tion of the CT26 parental or transfected cells (1x10° in
200 pl of normal saline) into each back of the syngeneic
BALB/c mice. The mice were treated intraperitoneally
(i.p.) with ¥-DFUR (5 consecutive days in the first and
second weeks); control animals received an injection of
saline solution only. The mice inoculated with the
tumour cells had no body-weight loss compared with
mice inoculated with 200 pl of normal saline alone (data
not shown). Tumour volume was measured every few
days for 22 days after transplantation.

3. Results

3.1. Construction of plasmid and expression of human
PyNPase

Transfectants were selected in the neomycin analogue
G418, and more than 20 clones of approximately equal
size of the G418-resistant line (CT26-PyNPase™) were
chosen for further study. These cell lines were evaluated
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for PyNPase activity by ELISA assay with MAbs spe-
cific to human PyNPase, and a selected CT26-PyN-
Pase™ line was found to contain 41.6 U/mg protein of
PyNPase activity in the cytosols of the cells, indicating
that the CT26-PyNPase™ cells contained significant
quantities of PyNPase. No detectable PyNPase activity
was found in the cytosols from the parental CT26 cells.

3.2. The effect of human PyNPase expression in vitro

The chemosensitivity of CT26 cells expressing human
PyNPase to 5-FU and 5-DFUR was studied by using
the tetrazolium salt MTT assay. In Fig. 1, the growth
ratio was determined as (absorbance at 550 nm of sam-
ples with 5-FU or 5-DFUR/absorbance at 550 nm of
controls without 5-FU or 5-DFUR) using the MTT
assay. 5-FU and 5-DFUR lowered the growth ratio of
the CT26 parental cells in a concentration-dependent
manner with ICsy values of 2.34+0.16 and 70+6.8 pM,
respectively. The sensitivity of CT26 cells transfected
with pSV,neo was almost the same as that of the CT26
parental cells; the ICsy values were 2.3+0.16 uM for 5-
FU and 51+2.8 uM to 5-DFUR, respectively. How-
ever, the CT26-PyNPase™ cells were more sensitive to
the cytotoxic effect of 5-FU and 5-DFUR than the
parental cells: the respective I1Csy values were 0.39£0.02
uM for 5-FU and 0.984+0.09 uM for 5-DFUR. The
difference in sensitivity was significant (Student’s ¢-test,
P <0.001 and P <0.004, respectively). Notably, the sen-
sitivity to 5-DFUR was significantly higher than that to
5-FU; the CT26-PyNPase* cells were found to be
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approximately 71 times more sensitive to 5-DFUR than
the parental cells, and 6 times more sensitive to 5-FU.

3.3. The effect of human PyNPase expression in vivo

Either CT26 or CT26-PyNPase™ cells were inoculated
into the left flank of syngeneic Balb/c mice by s.c.
injection as described in the methods. Tumours were
generated and grew exponentially over the studied per-
iod in the control mice. The rate of growth and size of
the tumours were almost the same between the CT26-
bearing mice and the CT26-PyNPase*-bearing mice
without 5-DFUR treatment (Fig. 2). Moreover, they
were also similar between the CT26-bearing mice and
mice bearing CT26 cells containing the pSV,neo vector
without 5-DFUR treatment (data not shown).

However, the sensitivity to 5-DFUR was significantly
higher in the CT26-PyNPase " -bearing mice than in the
CT26-bearing mice (Fig. 2). The rate of growth decreased
in a concentration-dependent manner in both cases. Over
the time of the experiment (22 days), the tumour volume of
the CT26 cells increased steadily, except following treat-
ment with the highest dose (200 mg/kg) of 5-DFUR
(Fig. 2a). In contrast, the tumours of CT26-PyNPase™*
cells almost disappeared at day 22 in all of the mice
treated with 5-DFUR; the tumour volume initially
increased then decreased after treatment with 5¥-DFUR
(Fig. 2b). When CT26-PyNPase " -bearing mice treated
with 5-DFUR were re-challenged by an injection of
CT26 cells at tumorigenic doses into the right flank,
there was no further occurrence of tumours.
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Fig. 1. Effects of pyrimidine nucleoside phosphorylase (PyNPase) expression on the in vitro response to (a) 5-fluorouracil (5-FU) and (b) 5'-deoxy-5-
fluorouridine (5-DFUR). Cells were incubated at 37 °C for 96 h in the absence of (control) or in the presence of increasing concentrations (a) (0.04—
782 uM) of 5-FU or (b) (0.02-467 uM) of 5-DFUR. The growth ratio was assessed by means of the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. Y-axis values were determined as (absorbance at 550 nm of treated cells/absorbance at 550 nm of non-treated
cells (controls)). Data is presented as means=+standard error of the means (S.E.M.). Symbols: CT26 parental cells (closed squares); CT26 cells
containing the pSV,neo vector, thus neomycin-resistant (closed triangles); the PyNPase gene transduced CT26 cells (closed circles).
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4. Discussion

Colorectal adenocarcinoma is often resistant to med-
ical treatments. We have chosen here to use a murine
colorectal adenocarcinoma cell line, CT26, which is
undifferentiated and of low immunogenicity; s.c. injec-
tion of a small number of these cells into syngeneic
(BALB/c) mice result in a lethal tumour and do not
induce detectable tumour-specific CTLs [29].

5-FU and 5-DFUR, a prodrug of 5-FU, are repre-
sentative of the anticancer drugs used to treat cancers of
digestive organs. 5-FU has side-effects that should not
be ignored, commonly myelosuppression, and gastro-
intestinal and skin toxicity [30]. 5-DFUR shows less
toxicity than 5-FU in experimental [31,32] and clinical
studies [13,14] and generates its efficacy by being con-
verted to 5-FU [8]. PyNPase is involved intracellu-
larly in that conversion [8]. CT26 cells were reported
to have a high level of PyNPase and to be relatively
susceptible to 5-DFUR, resulting in the generation
of high concentrations of 5-FU in the cells [11].
Meanwhile, normal intestine has higher endogenous
levels of PyNPase activity than other normal tissues
[8,33]. This might explain the high frequency of gastro-
intestinal side-effects seen in patients treated with
5-DFUR [34,35].

In order to obtain the advantages and overcome the
disadvantages of treatment with 5-DFUR, we designed
a system of PyNPase overexpression in the tumour
CT26 cells.
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In this study, we produced a CT26-PyNPase " cell line
by transfecting PyNPCI into CT26 cells. The CT26-
PyNPase™ cells were examined to see how they would
respond to 5-FU and 5-DFUR treatment in vitro; the
sensitivity to 5-DFUR was much higher than that to
5-FU, compared with the sensitivity of parental CT26
cells to these anticancer drugs. This indicates that the
CT26-PyNPase™ cells could increase the activity of
5-DFUR, by the conversion of 5-DFUR to 5-FU, the
active form in the cells. The results correspond to a high
titre of human PyNPase activity in CT26-PyNPase™
cells, whereas this activity was not detected in the par-
ental cells.

Following confirmation of the high susceptibility to
5-DFUR of the CT26-PyNPase* cells in vitro, we
investigated the effects in vivo. We employed 5-DFUR
through an i.p. injection, and not through an oral
administration.

In our study, the CT26-PyNPase™-bearing mice
showed steady growth of their tumour initially by 2
weeks, however, the tumour disappeared just after
finishing the treatment with the highest dose of 5-DFUR
(200 mg/kg). The size of their tumour was so reduced
that the tumours were hardly seen even with the lowest
dose (25 mg/kg) at around 3 weeks from the inoculation
of the tumour cells.

The i.p. injection could be more reliable than the oral
administration because the former could bring much
more stable and higher efficiency of absorption of the
agent than the latter. Furthermore, we could expect a
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Fig. 2. Effects of PyNPase expression on the in vivo response to 5'-deoxy-5-fluorouridine (5-DFUR). Balb/c mice were injected subcutaneously (s.c.)
in the left flank with cells (1x10°) of either CT26 (a) or CT26-PyNPase ™ (b). The animals were then treated daily for 5 days a week in the first and
second weeks with 5-DFUR at doses of 25 mg/kg (open circles), 100 mg/kg (open triangles), 200 mg/kg (closed triangles) or with saline alone (open
squares). Tumour volumes were assessed every few days by palpation and measurement. In (b), the tumour completely disappeared following

treatment with 200 mg/kg, therefore the data are not shown after 2 weeks.
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direct effect at the focus of the cancer such as peritonitis
and pleuritis carcinomatosa through the i.p. adminis-
tration of 5-DFUR. It is possible that this study will be
useful as a reference point when alternative agents given
either i.p. or intravenously (i.v.) become available in the
future.

PyNPase has been known to have some angiogenic
effect due to the partial similarity with TP [I8,
20,21,23,24]. TP has a highly restricted target cell
specificity acting only on endothelial cells. It promotes
angiogenesis in vivo and stimulates the in vitro growth
of a variety of endothelial cells. TP does not promote
tumour growth of colorectal-adenocarcinoma cells [39].
Our study showed similar results in that PyNPase did
not affect the growth of the tumour.

The PyNPase-transfected CT26 tumour-bearing mice
rejected the parental, non-transfected cells over 30 days
after the first injection of the transfected cells. This is
possibly due to shedding and the subsequent presenta-
tion of tumour antigen to the immune system, thereby
inducing protective immunity against the parental CT26
cells in the PyNPase-transfected CT26 tumour-bearing
mice. Additionally, the activity of 5-FU might facilitate
the delayed immune response: pretreatment with 5-FU
rendered a human renal cancer cell line more susceptible
to lymphokine-activated killer cells [36]. Furthermore,
5-FU stimulated target tumour cells and these were
subsequently more sensitive to NK cell-mediated cyto-
toxicity [37].

5-FU has been reported to have a bystander effect
that does not require cell-cell contact [38]. The drug
diffuses readily across cell membranes and this effect
should be beneficial for the therapy, not only for solid
tumours, but also for peritonitis and pleuritis carcino-
matosa that are not joined by gap junctions.

The combined therapy with 5-DFUR and PyNPase
overexpression leads to a selective susceptibility of the
CT26 tumour cells to 5S-DFUR, thereby gaining efficacy
in the tumour and reducing toxicity in normal tissues.
Additionally, a protective effect may be expected to fol-
low, thereby preventing the formation of another
tumour.

References

1. Poon MA, O’Connell MJ, Wieand HS, ef al. Biochemical mod-
ulation of fluorouracil with leucovorin: confirmatory evidence of
improved therapeutic efficacy in advanced colorectal cancer. J
Clin Oncol 1991, 9, 1967-1972.

2. Blanke CD, Kasimis B, Schein P, Capizzi R, Kurman M. Phase
II study of trimetrexate, fluorouracil, and leucovorin for
advanced colorectal cancer. J Clin Oncol 1997, 15, 915-920.

3. Hansen RM, Ryan L, Anderson T, et al. Phase I1I study of bolus
versus infusion fluorouracil with or without cisplatin in advanced
colorectal cancer. J Natl Cancer Inst 1996, 88, 668—674.

4. Leichman CG, Fleming TR, Muggia FM, et al. Phase II study of
fluorouracil and its modulation in advanced colorectal cancer: a

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

Southwest Oncology Group study. J Clin Oncol 1995, 13, 1303—
1311.

Lokich JJ, Ahlgren JD, Gullo JJ, Philips JA, Fryer JG. A pro-
spective randomized comparison of continuous infusion fluoro-
uracil with a conventional bolus schedule in metastatic colorectal
carcinoma: a Mid-Atlantic Oncology Program Study. J Clin
Oncol 1989, 7, 425-432.

Petrelli N, Herrera L, Rustum Y, et al. A prospective randomized
trial of 5-fluorouracil versus S-fluorouracil and high-dose leuco-
vorin versus S-fluorouracil and methotrexate in previously
untreated patients with advanced colorectal carcinoma. J Clin
Oncol 1987, 5, 1559-1565.

Wadler S, Schwartz EL, Goldman M, er al. Fluorouracil and
recombinant alfa-2a-interferon: an active regimen against
advanced colorectal carcinoma. J Clin Oncol 1989, 7, 1769—
1775.

Laurent PL, Tevaearai HT, Eliason JF, Givel JC, Odartchenko
N. Interferon alpha and 5'-deoxy-5-fluorouridine in colon cancer:
effects as single agents and in combination on growth of xeno-
graft tumours. Eur J Cancer 1994, 12, 1859-1865.

Stromberg K, Hudgins WR, Orth DN. Urinary TGFsl in neo-
plasia: immunoreactive TGF-alpha in the urine of patients with
disseminated breast carcinoma. Biochem Biophys Res Commun
1987, 144, 1059-1068.

Uehara N, Baba H, Nitta K, ez a/. The therapeutic effects of orally
administered 5'-deoxy-5-fluorouridine, 1-(2-tetrahydrofuryl)-5-
fluorouracil and 5-fluorouracil on experimental murine tumors.
Jpn J Cancer Res 1985, 76, 1034—1041.

Peters GJ, Braakhuis BJ, de Bruijn EA, Laurensse EJ, van Wal-
sum M, Pinedo HM. Enhanced therapeutic efficacy of 5'deoxy-5-
fluorouridine in 5-fluorouracil resistant head and neck tumours in
relation to S5-fluorouracil metabolising enzymes. Br J Cancer
1989, 59, 327-334.

Ishikawa T, Ura M, Yamamoto T, Tanaka Y, Ishitsuka H.
Selective inhibition of spontaneous pulmonary metastasis of
Lewis lung carcinoma by 5'-deoxy-5-fluorouridine. Int J Cancer
1995, 61, 516-521.

Alberto P, Mermillod B, Germano G, et al. A randomized com-
parison of doxifluridine and fluorouracil in colorectal carcinoma.
Eur J Cancer Clin Oncol 1988, 24, 559-563.

Abele R, Alberto P, Kaplan S, er al. Phase 11 study of doxi-
fluridine in advanced colorectal adenocarcinoma. J Clin Oncol
1983, 1, 750-754.

. Eckert K, Granetzny A, Fischer J, Nexo E, Grosse R. A Mr

43,000 epidermal growth factor-related protein purified from
the urine of breast cancer patients. Cancer Res 1990, 50, 642—
647.

Katoh M, Inagaki H, Kurosawa-Ohsawa K, Katsuura M,
Tanaka S. Detection of transforming growth factor alpha in
human urine and plasma. Biochem Biophys Res Commun 1990,
167, 1065-1072.

Ellis DL, Chow JC, King LE. Detection of urinary TGF-alpha
by HPLC and western blot in patients with melanoma. J Invest
Dermatol 1990, 95, 27-30.

Pugmire MJ, Ealick SE. The crystal structure of pyrimidine
nucleoside phosphorylase in a closed conformation. Structure
1998, 6, 1467-1479.

Chen SH, Chen XH, Wang Y, et al. Combination gene therapy
for liver metastasis of colon carcinoma in vivo. Proc Natl Acad
Sci USA 1995, 92, 2577-2581.

Moghaddam A, Bicknell R. Expression of platelet-derived endo-
thelial cell growth factor in Escherichia coli and confirmation of
its thymidine phosphorylase activity. Biochemistry 1992, 31,
12141-12146.

Usuki K, Saras J, Waltenberger J, et al. Platelet-derived endo-
thelial cell growth factor has thymidine phosphorylase activity.
Biochem Biophys Res Commun 1992, 184, 1311-1316.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

T. Nagata et al. | European Journal of Cancer 38 (2002) 712-717 717

Moghaddam A, Zhang HT, Fan TP, et a/. Thymidine phosphor-
ylase is angiogenic and promotes tumor growth. Proc Natl Acad
Sci USA 1995, 92, 998-1002.

Haraguchi M, Furukawa T, Sumizawa T, Akiyama S. Sensitivity
of human KB cells expressing platelet-derived endothelial cell
growth factor to pyrimidine antimetabolites. Cancer Res 1993,
53, 5680-5682.

Dada MA, Boshoff CH, Comley MA, et al. Thymidine phos-
phorylase expression in Kaposi sarcoma. J Clin Pathol 1996, 49,
400-402.

Nishida M, Hino A, Mori K, Matsumoto T, Yoshikubo T, Ish-
itsuka H. Preparation of anti-human thymidine phosphorylase
monoclonal antibodies useful for detecting the enzyme levels in
tumor tissues. Biol Pharm Bull 1996, 19, 1407-1411.

Mosmann T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J
Immunol Methods 1983, 65, 55-63.

Yamaue H, Tanimura H, Tsunoda T, er al. Chemosensitivity
testing with highly purified fresh human tumour cells with the
MTT colorimetric assay. Eur J Cancer 1991, 27, 1258-1263.
Carmichael J, Mitchell JB, DeGraff WG, et al. Chemosensitivity
testing of human lung cancer cell lines using the MTT assay. Br J
Cancer 1988, 57, 540-547.

Fearon ER, Itaya T, Hunt B, Vogelstein B, Frost P. Induction in
a murine tumor of immunogenic tumor variants by transfection
with a foreign gene. Cancer Res 1988, 48, 2975-2980.
Macdonald JS. Toxicity of S-fluorouracil. Oncology (Huntingt)
1999, 13, 33-34.

Ohta Y, Sueki K, Kitta K, Takemoto K, Ishitsuka H, Yagi Y.
Comparative studies on the immunosuppressive effect among
5'-deoxy-5-fluorouridine, ftorafur, and 5-fluorouracil. Gann 1980,
71, 190-196.

32.

33.

34.

35.

36.

37.

38.

39.

Armstrong RD, Cadman E. 5-Deoxy-5-fluorouridine selective
toxicity for human tumor cells compared to human bone mar-
row. Cancer Res 1983, 43, 2525-2528.

Kimball ES, Bohn WH, Cockley KD, Warren TC, Sherwin SA.
Distinct high-performance liquid chromatography pattern of
transforming growth factor activity in urine of cancer patients as
compared with that of normal individuals. Cancer Res 1984, 44,
3613-3619.

Hanauske AR, Arteaga CL, Clark GM, et al. Determination of
transforming growth factor activity in effusions from cancer
patients. Cancer 1988, 61, 1832-1837.

Hudgins WR, Orth DN, Stromberg K. Variant forms of rat epi-
dermal growth factor present in the urine of nude rats bearing
human tumors. Cancer Res 1988, 48, 1428-1434.

Tomita Y, Imai T, Katagiri A, Kimura M, Saitoh K, Sato S.
5-Fluorouracil increases susceptibility of renal cell cancer cell
lines to lymphokine-activated killer cells: evidence for alteration
not at the level of recognition but at a post-binding stage of the
lytic cycle. Cancer Lett 1993, 75, 27-34.

Reiter Z, Ozes ON, Blatt LM, Taylor MW. A dual anti-tumor
effect of a combination of interferon-alpha or interleukin-2 and
S-fluorouracil on natural killer (NK) cell-mediated cytotoxicity.
Clin Immunol Immunopathol 1992, 62, 103—111.

Kato Y, Matsukawa S, Muraoka R, Tanigawa N. Enhance-
ment of drug sensitivity and a bystander effect in PC-9
cells transfected with a platelet-derived endothelial cell growth
factor thymidine phosphorylase cDNA. Br J Cancer 1997, 75,
506-511.

Evrard A, Cuq P, Robert B, Vian L, Pelegrin A, Cano JP.
Enhancement of 5-fluorouracil cytotoxicity by human thymidine-
phosphorylase expression in cancer cells: in vitro and in vivo
study. Int J Cancer 1999, 80, 465-470.



