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Intracellular Thymidylate Synthase Inhibition by
Trifluorothymidine in FM3A Cells

0. H. Temmink,"* E. M. Comijn,1 M. Fukushima,” and G. J. Peters'

"Department of Medical Oncology, VU University Medical Center
Amsterdam, The Netherlands
2Taiho Pharmaceuticals, Hanno, Japan

ABSTRACT

Trifluorothymidine (TFT) can be phosphorylated by thymidine kinase (TK) to
TFTMP which can inhibit thymidylate synthase (TS), resulting in depletion of
thymidine nucleotides. TFT can be degraded by thymidine phosphorylase (TP) which
can be inhibited by thymidine phosphorylase inhibitor (TPI). Using the TS in situ
Inhibition Assay (TSIA) FM3A breast cancer cells were exposed 4 h or 24 h to TFT
and 5-Fluorouracil (SFU). TS activity reduced to 9% (0.1 uM TFT) and 58% (1 uM
SFU) after 4 h exposure and to 6% (TFT) and 21% (SFU) after 24 h exposure. TPI did
not affect TS inhibition by TFT. FM3A cells lacking TK or TS activity (FM3A/TK™)
were far less sensitive to TFT compared to FM3A cells. Conclusion: TFT can be taken
up and activated very rapidly by FM3A cancer cells, probably due to favourable TK
enzyme properties, and TPI did not influence this.
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INTRODUCTION

The very potent anticancer agent trifluorothymidine (TFT) can inhibit TS via the
metabolite TFTMP. In contrast to SFU, TFT only needs one conversion step to become
a potent TS inhibitor.!"’ The degradation of TFT to trifluorothymine (TF-Thy) by TP
can be prevented by TPI. TPI was originally synthesized to increase TFT cytotoxicity
in cancer cells."”! Therefore we questioned whether TPI could increase TS inhibition by
TFTMP in intact cancer cells. TS inhibition by TFTMP was compared with that of
FAUMP, the metabolite derived from 5FU.

MATERIALS AND METHODS

To evaluate intracellular TS inhibition we used the TS in situ Inhibition Assay
(TSIA)." For the TSIA assay tritiated deoxycytidine was used, which after cellular
uptake can be converted to dCMP and subsequently to tritiated dUMP, the substrate for
TS. TS converts tritiated dUMP to dTMP thereby releasing tritiated water, which can
be measured. We measured TS activity in intact FM3A mouse mammary cancer cells
and its TK deficient variant FM3A/TK " These cells were cultured in RPMI medium
supplemented with 10% fetal calf serum. TSIA was evaluated after exposure of the
cells to 1 pM 5FU or 0.1 pM TFT (10 uM TPI, 5-chloro-6-(2-iminopyrrolidin-
1-yl)methyl-2,4(1H,3H)-pyrimidine dio ne hydrochloride) for either 4 h, 24 h or 4 h
followed by a 20 h incubation in drug-free medium (DFM). The concentrations of SFU
and TFT used were chosen because these concentrations caused cell growth inhibition
of about 50%. This growth inhibition was determined using the MTT (3-[4,5-
dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide) assay.'”! Growth inhibition was
also determined in FM3A/TS™ cells, a TS deficient variant requiring 20 pM thymidine
to survive.

RESULTS
Cytotoxicity of SFU and TFT in the FM3A variants varied considerably (Table 1).
The FM3A/TK™ and FM3A/TS™ variants were far less sensitive to TFT than the parental

Table 1. Effect of SFU and TFT (+TPI) on growth inhibition in FM3A, FM3A/TK™ and FM3A/
TS™ cells (ICsq values, pM).

Cell line
Drug FM3A FM3A/TK™ FM3A/TS™
5FU 0.1 £0.1 03 x0.1 0.5+0.1
TFT 02 +0.1 79 + 20%* 246 + 75%
TFT + 10 uM TPI 0.2 £ 0.04 79 + 16%* 245 + 75%

Values are expressed as means of 3—4 separate experiments + SEM. Significance when compared
to parentals: *p < 0.01. TPI was added during whole 72 h incubation period.
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Table 2. Effect of SFU and TFT (xTPI) on the inhibition of TS in FM3A and FM3A/TK™ cells
using the TSIA.

Drug exposure period

Drug Cell line 4 h 4 h + 20 h DEM 24 h
Controls 100 100 100

1 uM 5FU FM3A 58 + 8 48 + 13 21 =5
1 uM S5FU FM3A/TK™ 80 £ 6 83+ 3 67 =6
0.1 uM TFT FM3A 9+2 74 £ 4 65
0.1 uM TFT FM3A/TK™ 85+ 3 9 x5 95 +7
0.1 uM TFT + 10 uM TPI FM3A 63 75 £ 4 197
0.1 uM TFT + 10 uM TPI FM3A/TK™ 84 +£5 91 £2 92 +8

Values are % of untreated control cells and are expressed as means of at least 3 separate
experiments = SEM. For more details: see Materials and Methods.

cells, in contrast to SFU, where no significant differences were found between the cell
lines. Addition of 10 pM TPI did not change cytotoxicity to TFT in these cell lines.

The effects of SFU and TFT (with or without TPI) on intracellular TS inhibition
was compared in FM3A cancer cells with intact or deficient TK when exposed for 4 h
or 24 h (see Table 2). TS was strongly inhibited in FM3A cells after 4 h when
compared to controls. TS activity was reduced to 9% and 58% after exposure to TFT or
SFU, respectively. After 24 h exposure TS activity was almost completely inhibited by
TFT (6%), in contrast to SFU (21%). In FM3A/TK™ cells 5FU could inhibit TS,
although less compared to FM3A cells. TFT hardly affected TS activity in FM3A/TK™
cells. TS activity was not affected when 10 uM TPI was added to the medium. Table 2
also shows that TS activity recovers rapidly in FM3A cells after 4 h exposure to TFT
(back to 74%), but not when exposed to SFU. Naturally, TSIA could not be evaluated
for FM3A/TS™.

DISCUSSION

In this paper we demonstrate that TFT can inhibit TS rapidly and effectively and
that its activation is dependent on TK. Presumably TFTMP is the active metabolite of
TFT, which inhibits TS directly.!® In addition, TFTMP can be further phosphorylated to
its triphosphate form to be incorporated into DNA. TS inhibition by TFTMP was shown
to be dependent on TK activity, and in contrast to SFU, it only needs one conversion step
to become active.

5FU is also active in FM3A/TK™ cells indicating that its activation is not dependent
on the TP/TK pathway. Its activity against the FM3A/TS™ cells indicates that in this cell
line SFU acts via incorporation into RNA, also because the FM3A/TS™ cells are grown
in medium containing thymidine.

The results show that already within 4 h TFT reduced TS activity to below 10% and
that TP inhibition by TPI did not affect this. Probably a low concentration of TFT is
required to induce dTTP depletion and is not influenced by degradation by TP. Possibly
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TFT is a preferential substrate for TK rather than TP, because at low concentration
(0.1 uM) the Km acts in favour of TK.

Also after 24 h exposure TS was still inhibited to below 10% indicating that the
constant influx of TFT was not decreased. It is possible that TS inhibition by TFTMP is
tumor-specific, because tumor cells resistant to nucleoside analogs may have elevated
TS levels.!"! The retention of TS inhibition in cells exposed 4 h to SFU followed by
20 h DFM demonstrates that the complex between FAUMP-TS-folate is very stable in
these cells, in contrast to the complex TFTMP-TS since culturing in DFM restores
TS activity. TS inhibition by TFT via TFTMP seems very rapid but requires a con-
tinuous exposure. Future studies should attempt to characterize the contribution of all
TFT-metabolizing enzymes involved and to investigate this in tumor cells of different
tissue origin.
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