
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Trifluorothymidine Induces Cell Death Independently of p53
I. V. Bijnsdorpa; F. A. Kruyta; M. Fukushimab; G. J. Petersa

a Department of Medical Oncology, VU University Medical Center, Amsterdam, The Netherlands b

Tokushima Research Center, Taiho Pharmaceutical Co., Ltd., Tokushima, Japan

To cite this Article Bijnsdorp, I. V. , Kruyt, F. A. , Fukushima, M. and Peters, G. J.(2008) 'Trifluorothymidine Induces Cell
Death Independently of p53', Nucleosides, Nucleotides and Nucleic Acids, 27: 6, 699 — 703
To link to this Article: DOI: 10.1080/15257770802145017
URL: http://dx.doi.org/10.1080/15257770802145017

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257770802145017
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Nucleosides, Nucleotides, and Nucleic Acids, 27:699–703, 2008
Copyright C© Taylor & Francis Group, LLC
ISSN: 1525-7770 print / 1532-2335 online
DOI: 10.1080/15257770802145017

TRIFLUOROTHYMIDINE INDUCES CELL DEATH

INDEPENDENTLY OF p53

I. V. Bijnsdorp,1 F. A. Kruyt,1 M. Fukushima,2 and G. J. Peters1

1Department of Medical Oncology, VU University Medical Center, Amsterdam,
The Netherlands
2Tokushima Research Center, Taiho Pharmaceutical Co., Ltd., Tokushima, Japan

� Trifluorothymidine (TFT), a potent anticancer agent, inhibits thymidylate synthase (TS) and is
incorporated into the DNA, both events resulting in cell death. Cell death induction related to DNA
damage often involves activation of p53. We determined the role of p53 in TFT cytotoxicity and cell
death induction, using, respectively, the sulforhodamine B-assay and FACS analysis, in a panel
of cell lines with either wild type, inactive, or mutated p53. Neither TFT cytotoxicity nor cell death
induction changed with TFT exposure in cell lines with wt, inactive or mutated p53. Conclusion:
sensitivity to TFT is not dependent on the expression of wt p53.
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INTRODUCTION

Trifluorothymidine (TFT) is a thymidine analog which has been shown
to bypass resistance pathways for 5-FU derivatives in model systems.[1] TFT
is given in combination with TPI, a specific inhibitor of thymidine phospho-
rylase (TP) to increase TFT bioavailability (Figure 1). This combination,
TAS-102, is currently tested as an oral chemotherapeutic agent in phase II
studies.[2] TFT has been shown to inhibit TS in its monophosphorylated
form [3] (Figure 1). When further activated to its tri-phosphorylated form,
TFT can be incorporated into the DNA.[4,5] which will subsequently result
in DNA damage.[6] Subsequently, cell death induction will follow.

Cell death induced by DNA damaging agents is often dependent on p53,
which detects DNA damage.[7] Upon activation of p53, cell death will be
induced by activation of the main executors of apoptosis, the caspases. In
this study we describe the role of p53 in TFT cytotoxicity.
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700 I. V. Bijnsdorp et al.

FIGURE 1 FIGURE 1 Molecular structures of TFT and TPI. TFT can be degraded by thymidine phos-
phorylase (TP) to TF-thymine. TPI inhibits this degradation. Thymidine kinase (TK) activates TFT to
its mono-phosphorylated form (TF-TMP). TFT-MP can inhibit thymidylate synthase (TS). When TFT is
further activated it can be incorporated into the DNA.

MATERIALS AND METHODS

The cell lines and stable transfected derivatives used in this study were
described before.[8−11] These are: WiDR (parental, mutant p53), WiDR B
(transfected with wt p53), Lovo92 (parental, wt p53), Lovo li (functional
inactive p53), Lovo 175X2 (transfected with mutant p53). To evaluate TFT
cytotoxicity, the sulforhodamine B-assay was used.[12] Cells were exposed to
TFT for 72 hours after which TCA (final concentration 10%) was added.
Cells were stained with SRB (0.4%) and dye was dissolved in Tris (10 mM).
Cell death induced by TFT was determined by staining cells with propidium
iodide (PI) stain and analyzed by FACS.[9] The sub-G1 peak was used as
indication for cell death induction.

RESULTS

TFT was active in both parental cell lines WiDR and Lovo92 (Figure 2).
Cytotoxicity induced in the parental cell lines was compared to that of the
derivatives. TFT cytotoxicity did not increase when wt p53 was transfected to
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FIGURE 2 TFT cytotoxicity using cells with various p53 status. IC50 values were determined from graphs
and are expressed as means of three independent experiments ± SEM.

WiDR (WiDR B). Also, cytotoxicity did not decrease when p53 was mutated
or functionally inactive (Lovo 175 X2 and Lovo li).

Since p53 plays an important role in the induction of cell death after
DNA damage induction by cytotoxic agents, the sub-G1 peak as a measure
of apoptotic cells was analyzed. In both the parental cell lines WiDR and
Lovo92, cell death was induced (Figure 3). This induction of cell death
was not increased when cells were transfected with wt p53 in WiDR cells.
In Lovo92 cells, overexpression of a mutated and functionally inactive p53
did not result in a decrease in TFT induced cell death and rather a slight,
non significant increase was observed in this cell line.

FIGURE 3 Cell death induction (sub-G1) after TFT exposure using cells with various p53 status. Values
are percentages and are expressed as means of three independent experiments ± SEM.
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DISCUSSION

In this report, we show that the activity of TFT is not dependent on the
presence of wildtype p53. TFT cytotoxicity and apoptosis induction (sub-
G1) did not differ between the cell lines with wild type, mutated, or non-
functional p53.

The tumor suppressor gene p53 is absent or mutated in 85% of col-
orectal cancer.[13] Mutations in p53 have been related with resistance to
chemotherapy.[14] In the whole NCI cell line panel [15] and more specifi-
cally colon cancer cells it was shown that when p53 was mutated, cells were
less sensitive to 5FU and TS-directed antifolates.[15,16] Since TFT cytotoxic-
ity and cell death induction did not alter between cells with different p53
status, this can be a major advantage over 5-FU and antifolates.

Many DNA damage inducing agents in current use have been reported
to induce apoptosis in a p53 dependent manner, including 5-FU.[17] Previ-
ously we demonstrated that in Lovo cells, cell death seemed to be apoptotic
in contrast to WiDR which showed less apoptotic features after exposure
to 5-FU and antifolates.[18] Since TFT sensitivity was not dependent on p53
expression, p53 related repair of DNA damage may not be the main mech-
anism of cell death induced in the panel of cell lines we have tested. Other
reported mechanisms of TFT have been inhibition of TS. However, in the
same panel of cell lines we observed a difference in sensitivity to antifolates
and 5-FU.[10,11,18] Maybe another mechanism than TS inhibition is also im-
portant in TFT activity.

Bcl-2 is an anti-apoptotic protein that can be inactivated by pro-apoptotic
Bcl-2 family members that are induced by p53, thereby destabilizing mito-
chondria causing the release of apoptogenic factors. Many gastrointestinal
tumors have been reported to have mutated or absent Bcl-2. Previously,
WiDR cells were shown to lack Bcl-2 expression, while Lovo92 cells have
functional Bcl-2.[18] Since TFT sensitivity and cell death induction between
WiDR and Lovo92 cells did not vary much, we conclude that Bcl-2 itself is
likely not a crucial regulator for TFT-induced apoptosis, although other Bcl-
family members could be important in this process.

Several studies have suggested that death receptor-dependent apoptosis
might also play a role in drug sensitivity.[19] Since TFT induced p53 indepen-
dent cell death, the death receptor pathway may play a role, perhaps involv-
ing Fas or TNF-related apoptosis-inducing ligand (TRAIL). In conclusion,
TFT induced p53 independent cell death, in contrast to 5-FU. These find-
ings provide a basis for further investigation of TFT as therapy against col-
orectal cancer.

REFERENCES

1. Emura, T.; Murakami, Y.; Nakagawa, F.; Fukushima, M.; Kitazato, K. A novel antimetabolite, TAS-102
retains its effect on FU-related resistant cancer cells. Int. J. Mol. Med. 2004, 13, 545–549.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Cell Death Induction by Trifluorothymidine 703

2. Temmink, O.H.; Emura, T.; de Bruin, M.; Fukushima, M.; Peters, G.J. Therapeutic potential of the
dual-targeted TAS-102 formulation in the treatment of gastrointestinal malignancies. Cancer Sci.
2007, 98:779–89.

3. Temmink, O.H.; Comijn, E.M.; Fukushima, M.; Peters, G.J. Intracellular thymidylate synthase inhi-
bition by trifluorothymidine in FM3A cells. Nucleosides Nucleotides Nucleic Acids. 2004, 23, 1491–1494.

4. Emura, T.; Suzuki, N.; Yamaguchi, M.; Ohshimo, H.; Fukushima, M. A novel combination an-
timetabolite, TAS-102, exhibits antitumor activity in FU-resistant human cancer cells through a
mechanism involving FTD incorporation in DNA. Int. J. Oncol. 2004, 25, 571–578.

5. Emura, T.; Nakagawa, F.; Fujioka, A.; Ohshimo, H.; Yokogawa, T.; et al. An optimal dosing sched-
ule for a novel combination antimetabolite, TAS-102, based on its intracellular metabolism and its
incorporation into DNA. Int. J. Mol. Med. 2004, 13, 249–255.

6. Temmink, O.H.; Hoebe, E.K.; van der Born, K.; Ackland, S.P.; Fukushima, M.; Peters, G.J. Mech-
anism of trifluorothymidine potentiation of oxaliplatin-induced cytotoxicity to colorectal cancer
cells. Br. J. Cancer 2007, 96, 231–240.

7. Brown, J.M., Wouters, B.G. Apoptosis, p53, and tumor cell sensitivity to anticancer agents. Cancer
Res. 1999, 59, 1391–1399.

8. Pocard, M.; Chevillard, S.; Villaudy, J.; Poupon, M.F.; Dutrillaux, B.; Remvikos, Y. Different p53
mutations produce distinct effects on the ability of colono carcinoma cells to become blocked at
the G1/S boundary after irradiation. Oncogene 1996, 1, 875–882.

9. Tamura, T.; Aoyama, N.; Saya, H.; Futami, S.; Miyamoto, et al. Induction of Fas-mediated apoptosis
in p53-transfected human colon carcinoma cells. Oncogene 1995, 11, 1939–1946.

10. Backus, H.H.; Wouters, D.; Ferreira, C.G.; van Houten, V.M.; Brakenhoff, R.H.; et al. Thymidylate
synthase inhibition triggers apoptosis via caspases-8 and -9 in both wild-type and mutant p53 colon
cancer cell lines Eur J Cancer 2003, 39, 1310–1317.

11. Giovannetti, E.; Backus, H.H.; Wouters, D.; Ferreira, C.G.; van Houten, V.M.; et al. Changes in the
status of p53 affect drug sensitivity to thymidylate synthase (TS) inhibitors by altering TS levels. Br.
J. Cancer, 2007, 96, 769–75.

12. Keepers, Y.P.; Pizao, P.E.; Peters, G.J.; van Ark-Otte, J.; Winograd, B.; Pinedo, H.M. Comparison of
the sulforhodamine B protein and tetrazolium (MTT) assays for in vitro chemosensitivity testing.
Eur. J. Cancer 1991, 27, 897–900.

13. Iacopetta, B. TP53 mutation in colorectal cancer. Hum Mutat. 2003, 21, 271–276
14. Lowe, S.W.; Ruley, H.E.; Jacks, T.; Housman, D.E. p53-dependent apoptosis modulates the cytotoxi-

city of anticancer agents.Cell 1993, 74, 957–967.
15. O’Connor, P.M.; Jackman, J.; Bae, I.; Myers, T.G.; Fan, S.; et al. Characterization of the p53 tumor

suppressor pathway in cell lines of the National Cancer Institute anticancer drug screen and corre-
lations with the growth-inhibitory potency of 123 anticancer agents. Cancer Res. 1997, 57, 4285–300.

16. Peters, G.J.; Backus, H.H.; Freemantle, S.; van Triest, B.; Codacci-Pisanelli, G., et al. Induction of
thymidylate synthase as a 5-fluorouracil resistance mechanism. Biochim. Biophys. Acta 2002, 1587:
194–205.

17. Hickman, J.A. Apoptosis induced by anticancer drugs. Cancer Metastasis Rev. 1992, 11, 121–139.
18. Backus, H.H.; Pinedo, H.M.; Wouters, D.; Kuiper, C.M.; Jansen, G.; et al. Differences in the induc-

tion of DNA damage, cell cycle arrest, and cell death by 5-fluorouracil and antifolates. Oncol Res.
2000, 12, 231–9.

19. Houghton, J.A. Apoptosis and drug response. Curr Opin Oncol. 1999, 11, 475–81.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


