
The Effects of 5-Fluoruracil Treatment on 3′-Fluoro-3′-
Deoxythymidine (FLT) Transport and Metabolism in Proliferating
and Non-Proliferating Cultures of Human Tumor Cells

David A. Plotnik1, Lena J. McLaughlin1, Kenneth A Krohn2, and Jeffrey L. Schwartz1,3

1Department of Radiation Oncology, University of Washington, Seattle, WA USA
2Department of Radiology, University of Washington, Seattle, WA USA

Abstract
3′-Fluoro-3′-deoxythymidine (FLT) positron emission tomography (PET) has been proposed for
imaging thymidylate synthase (TS) inhibition. Agents that target TS and shut down de novo
synthesis of thymidine increase the uptake and retention of FLT in vitro and in vivo because of a
compensating increase in the salvage pathway. Increases in both thymidine kinase-1 (TK1) and
the equilibrative nucleoside transporter hENT1 have been reported to underlie this effect. We
examined whether the effects of one TS inhibitor, 5-fluorouracil (5FU), on FLT uptake require
proliferating cells and whether the effects are limited to increasing TK1 activity.

Methods—The effects of 5FU on FLT transport and metabolism, TK1 activity, and cell cycle
progression were evaluated in the human tumor cell line, A549, maintained as either a
proliferating or non-proliferating culture.

Results—There were dose-dependent increases in FLT uptake that peaked after a 10μM 5FU
exposure and then declined to baseline levels or below at higher doses in both proliferating and
non-proliferating cultures. The dose-dependence for FLT uptake was mirrored by changes in TK1
activity. S phase fraction did not correlate with FLT uptake in proliferating cultures. Chemical
inhibition of hENT1 reduced overall levels of FLT uptake but did not affect the low dose increase
in FLT uptake.

Conclusions—5FU only affects FLT uptake in proliferating A549 cells and increases in FLT
uptake are directly related to increased TK1 activity. Our studies did not support a role for hENT1
in the increased uptake of FLT after exposure to 5FU. Our studies with A549 cells support the
suggestion that FLT-PET could provide a measure of TS inhibition in vivo.
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INTRODUCTION
The positron emission tomography (PET) tracer 3′-fluoro-3′-deoxythymidine (FLT) is
considered to be a top candidate for measuring tumor proliferation changes in response to
treatment [1-3]. FLT, a thymidine analog, marks DNA synthesis processes. FLT is not
incorporated into DNA but is phosphorylated by thymidine kinase-1 (TK1), a cell cycle
dependent enzyme. Phosphorylation of FLT traps the compound in cells. The uptake and
retention of FLT is directly dependent on TK1 activity [4]. TK1 activity is low in G1. It
starts to rise just before S phase through an S-phase-specific transcriptional activation of
TK1. The protein is subsequently degraded in mitosis in part by ubiquitination-mediated
processes [5, 6]. TK1 activity tracks closely with S phase in many cell lines that have been
evaluated in vitro and in vivo [4, 7, 8]. Thus TK1 activity levels provide a marker of S phase
activity and, by inference, cellular proliferation rate. As the uptake and retention of FLT is
directly dependent on TK1 activity, FLT provides a measure of proliferation.

While TK1 is an absolute requirement for concentration of FLT in cells, there are multiple
other activities that can modify FLT uptake and retention, and, in turn influence the
relationship between proliferation and FLT uptake and retention. These include the
equilibrative nucleoside transporter hENT1 [8-11], nucleotide efflux pumps [12, 13], and
enzyme activities involved in nucleotide metabolism [12, 13].

The relationship between proliferation and FLT uptake and retention is influenced by
exposure to agents that target thymidylate synthase (TS) such as 5-fluorouracil (5FU). TS is
a critical enzyme in de novo nucleotide biosynthesis [14] and a key target for cancer control
[14-20]. The cytotoxic effects of 5FU are due in part to inhibition of TS by the 5FU
metabolite 5-fluoro-2′-deoxyuridine-5′-monophosphate (FdUMP) [21]. To overcome the
effects of TS inhibition, cells can up-regulate salvage nucleotide pathways [22]. The
increased activity of the salvage pathway will lead to the increased uptake of thymidine and
FLT [22-30]

5FU treatment produces increased levels of FLT uptake even after cytotoxic doses [26, 28,
29]. In in vitro studies, this increase in FLT uptake has been reported to reflect increased
TK1 activity and/or higher levels of hENT1 [22, 29, 31]. In vivo, increased tumor retention
of FLT and radiolabeled thymidine has also been reported following 5FU treatment [24, 30].
Other inhibitors of TS show similar responses for both FLT and thymidine [23-25].

It has been suggested that the identification of an increase in either FLT or thymidine uptake
and retention following chemotherapy treatment would provide a positive measure of TS
inhibition [23, 24]. However, not all studies report an increase in FLT/thymidine uptake, and
there does not seem to be any consensus as to whether elevated TK1 and/or hENT1 are the
underlying causes [26, 27]. For example, Direcks et al. [27] reported a 5FU-induced increase
in TK1 activity, but in the absence of any increase in FLT uptake.

Given the lack of consensus as to the mechanism for increased FLT or thymidine uptake and
retention following 5FU treatment, more information about the response and its relationship
with TS inhibition is needed. A better understanding of the underlying mechanism for the
increased intracellular levels of FLT/thymidine metabolites following 5FU treatment would
improve interpretation of a FLT-PET-based assay for TS inhibition. In the present study we
examined the effect of 5FU on FLT transport and metabolism in more detail. A549 cells,
which have previously been reported to show increased uptake and retention of FLT
following 5FU exposure [31], were exposed to different doses of 5FU under both
exponential growth conditions and growth-inhibited, plateau-phase culture conditions. We
observed that increases in TK1 activity were sufficient to explain the increased uptake of
FLT in 5FU-treated cells.
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MATERIALS AND METHODS
Materials

[methyl-3H]-3′-Deoxy-3′-fluorothymidine ([3H]-FLT; 351.5GBq/mmol) and [methyl-3H]-
thymidine ([3H]-TdR; 185GBq/mmol) were purchased from Moravek Biochemicals (Brea,
CA). High-purity nitrobenzylmercaptopurine ribonucleoside (NBMPR) and other reagents
were purchased from Sigma-Aldrich (St. Louis, MO). Cell culture media and supplements
were purchased from Invitrogen (Carlsbad, CA). Antibodies were purchased from
Invitrogen (Grand Island, NY).

Cell Culture Conditions
The human lung adenocarcinoma cell line A549 was used for all studies. A549 cells are
relatively stable and will arrest under plateau-phase culture conditions [4]. Cells culture
conditions were previously described [32]. For experiments on non-cycling cells, cultures
were grown to 100% confluence and maintained for 8-10 days by changing the media every
other day, including a media change the day prior to experiments. Studies on
asynchronously cycling cells were carried out on cultures maintained at sub-confluent
levels. Cultures were incubated continuously for 24h in 0-500μM doses of 5FU before tracer
studies were initiated.

3H-labeled Tracer Influx Studies
Tracer influx was carried out in sodium-containing HEPES-buffered Ringer’s solution
containing 135 mM NaCl, 5 mM KCl, 3.33 mM NaH2PO4, 0.83 mM Na2HPO4, 1.0 mM
CaCl2, 1.0 mM MgCl2, 10 mM D-glucose, and 5 mM HEPES, pH 7.4. Single cell
suspensions were prepared and cells were washed twice with buffer at room temperature.
The pre-incubation buffer was replaced with buffer containing 74kBq/mL (2μCi/mL) of 3H-
labeled FLT. Parallel samples had FLT-containing buffer supplemented with the hENT
inhibitor NBMPR (100μM) to examine the role of equilibrative nucleoside transport. Cells
were incubated with 210 pmol of FLT for 60 min before being pelleted and the tracer-
containing buffer rapidly aspirated. Cells were washed twice in excess of cold phosphate
buffered saline. Cells were incubated overnight in 5% Triton X-100 at room temperature and
radioactivity was measured in a Tri-Carb 1900 Liquid Scintillation Counter using Ultima
Gold scintillation cocktail (Perkin Elmer). Cell numbers and average cell volume were
determined by Coulter counting. Experiments were performed in triplicate. Calculations of
intracellular tracer concentration relative to tracer levels in buffer were determined as
previously described [4].

Cell Cycle Determination
Parallel cultures of cells were incubated for 30 min in media containing 100μM 5-bromo-2′-
deoxyuridine (BrdU). The media was removed and cells were rapidly washed with ice-cold
phosphate-buffered saline (PBS) containing 20mM TdR. Cells were fixed in cold 70%
ethanol and stored at −20°C for up to 2 weeks prior to analysis. BrdU label was detected by
FITC-conjugated mouse anti-BrdU antibody. Cells were counter-stainded in propidium
iodide and then analyzed on a Becton-Dickinson LSR2 cytometer using FACSDiva software
(version 6.0). 20,000 events were collected for each sample, and data were analyzed with
FlowJo software (version 9.0, Tree Star Inc., Ashland, OR, USA).

TK1 Activity Determination
Cells were removed from culture media, washed once in ice-cold PBS, then incubated for
30min in ice-cold lysis buffer containing 10mM Tris (pH 7.5), 250mM sucrose, 160mM
KCl, 1.5mM MgCl2, 3mM β-mercaptoethanol, 0.5% NP-40, and protease inhibitors. Cells
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were vortexed, then centrifuged for 15min at 13,000 x g. Supernatants were snap-frozen in
liquid nitrogen and stored at −80°C for up to 2 weeks prior to analysis. Protein content in
lysates was determined with a bicinchoninic acid (BCA) assay. Reactions were initiated by
adding reaction mix to lysates in a ratio of 1:1.7, and incubating at 37°C. The reaction mix
contained 270mM NaH2PO4, 2.2mM MgAc, 2.7mM ATP, and 10 MBq/mL (270μCi/mL)
[methyl-3H]-thymidine. Reactions were terminated at 0, 5, 10, and 15 minutes by removing
aliquots of this mixture to tubes containing 40μL of ice-cold 6% trichloroacetic acid (TCA).
Samples were then vortexed for 20s, centrifuged at 13,000 x g for 10minutes, and
supernatants were removed to new tubes. After neutralizing supernatants with 10μL of
saturated potassium bicarbonate, relative levels of thymidine and thymidine-monophosphate
were determined by HPLC analysis as described below.

HPLC Analysis of Tracer Metabolites
For metabolism studies, cells were exposed to 3H-labeled tracers for 60min and then washed
with buffer as described above for the influx studies. After washing cells, ice-cold 6%
trichloroacetic acid (TCA) was added to cell pellets. Cells were vortexed for 20s, incubated
on ice for 10min, vortexed again, and centrifuged at 14,000 x g for 10 min. The resulting
supernatants were stored at −80°C for up to 2 weeks and neutralized with saturated
potassium bicarbonate prior to analysis. Samples were analyzed using a Hewlett-Packard
HP1050 HPLC system as previously described [12].

RESULTS
FLT Uptake in Exponentially Growing Cultures

As has been reported by others [22, 26, 28, 29, 31], there was a low-dose 5FU-induced
increase in FLT uptake in exponentially growing A549 cells (Figure 1A). Under the
treatment conditions used here, FLT uptake peaked after a 10μM exposure. There was a
57% increase over control after a 10μM exposure. Exposures to 50μM and above yielded
FLT uptake levels similar to control levels. Inhibition of hENT1 with NBMPR reduced FLT
uptake by more than two-thirds, but there was still a 10μM 5FU-induced increase in FLT
uptake (Figure 1A). This observation suggests that the dose-dependent FLT increase in
exponentially growing A549 cells was not due to any measurable effect on hENT1 levels.

The average diameter of exponential A549 cell populations went from 15.54 ± 0.38 μm in
untreated cells to 16.28 ± 0.22 μm in 10μM treated samples. Average cell diameters
following higher dose exposures were similar to the 10μM treatment values (16.24 ± 0.13
μm). The increase is likely a reflection of changes in the cell cycle phase distribution (see
below). Calculation of FLT uptake as a percentage of buffer FLT levels controlled for any
treatment-induced changes in cell volume. The shapes for the dose response curve using this
value (percentage of buffer FLT levels; Figure 1B) was similar to that observed in Figure
1A, were suggesting that variations in cell volume cannot explain the increased FLT signal.
Untreated A549 cells concentrated FLT to levels of 23-fold higher than buffer activity
(Figure 1B). This value increased to about 33-fold after a 10μM 5FU exposure before
returning to untreated levels (21- to 24-fold) between 50μM and 100μM exposures. The
corresponding values for the NBMPR-treated samples were 8-fold concentration in
untreated samples, 15.5-fold following a 10μM 5FU exposure, and 10- to 11-fold after 5FU
doses between 50μM and 100μM.

FLT Uptake in Plateau-Phase Cultures
While overall levels of FLT uptake were lower in plateau-phase cultures than in
exponentially growing culture, the same FLT dose-response curve shape was seen when
these cells were exposed to 5FU (Figure 1C). FLT uptake peaked between 5μM and 10μM
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exposures, about 50% higher than control levels. At higher dose exposures, FLT uptake
decreased to below control levels. Inhibition of hENT1 with NBMPR reduced FLT uptake
by more than half, but the shape of the dose response curve for NBMPR-treated samples
mirrored that for the non-NBMPR samples, suggesting that the increase in FLT uptake was
not due to any effect on hENT1 levels.

The average diameter of plateau-phase cultures of A549 cell populations did not change
significantly (P=0.36) after treatment. Average diameter went from 14.43 ± 0.05 μm in
untreated cells to 14.58 ± 0.23 μm in cells treated with 10μM and larger 5FU doses. The
shapes for the concentration dose responses were similar to the activity measurements
(Figure 1D). Control FLT concentration levels were 14-fold over buffer. This increased to
19-fold following a 10μM 5FU exposure, and then declined to about 12-fold after higher
dose exposures. The corresponding values for the NBMPR-exposed samples were 4.8-fold
for untreated, 7.6-fold for 10μM treated, and 5.6-fold for larger 5FU concentrations.

TK1 Activity
As reported by others [22, 31], 5FU exposure increased TK1 activity in exponentially-
growing cultures of A549 cells (Figure 2A). There was about a 40% increase in TK1 activity
after a 10μM 5FU exposure as compared to control cultures. TK1 activity decreased after
higher doses of 5FU reaching control levels following a 100μM exposure. As we previously
reported [8], plateau-phase cultures of A549 cells have lower levels of TK1 activity. The
TK1 activity in plateau-phase cultures was about 40% less than in exponential cultures.
However, 5FU exposure did increase TK1 activity in plateau-phase cultures reaching a peak
that was about 50% higher than control after a 5μM 5FU exposure. A 50μM exposure
reduced activity to just below control levels.

FLT Uptake Kinetics and Metabolism
The time course for FLT uptake was determined for control cultures and cultures exposed to
either 10μM or 100μM 5FU for 24h. The rate of uptake after the 100μM exposure was
similar to the initial rate of uptake for control cultures (Figure 2B). Consistent with the
higher TK1 levels, cultures exposed to 10μM had faster rates of FLT accumulation.

In control cultures, FLT uptake in A549 cells increased and then reached a plateau after
60min incubation (Figure 2B). In contrast to the control cultures, cells treated with 5FU
showed continued increase in FLT uptake up to 120min with no obvious change in slope.
The results are not easily explained simply by the increased TK1 activity in these 5FU-
treated cultures. by that there were additional factors .

There was a small increase in FLT-monophosphate (FLTMP) in cells following treatment
with 10μM 5FU (Figure 2C). This was associated with a small decrease in FLT and FLT-
diphosphate (FLTDP) and a small increase in FLT-triphosphate (FLTTP). Beyond the 10μM
5FU dose, the relative proportions of the different FLT metabolites were the same as
untreated samples. The ratios for FLTMP:FLTTP ranged from 2.70 to 3.14. The mean was
3.04 ± 0.08.

Cell Cycle Progression Effects
All cell cycle phase measurements were made immediately after the 24h 5FU treatment.
There were dose-dependent changes in cell cycle progression in the 5FU-exposed
exponentially-growing cultures (Figure 3A). Low dose 5FU treatment induced an increase in
S phase cells with a corresponding decrease in G1 cells. There was a smaller decrease in G2-
phase cells. After higher 5FU dose exposures, the S phase fraction decreased to well below
control levels following a 100μM 5FU exposure. Over the same dose levels, the G1
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component of the population increased. There was little difference in S phase fraction
measured by either DNA content or BrdU-incorporation.

Plateau-phase cultures contained mostly cells in G1 (Figure 3B). Only 8% of plateau-phase
cells were in S phase by either DNA content or BrdU labeling. Low dose 5FU treatment
increased BrdU-labeled S-phase levels to about 8%. Higher dose exposures reduced the S
phase percentage to 2%, well below control levels. Little or no changes in the proportion of
cells in other cell cycle phases were observed.

In exponential cultures, the distribution of cells within S phase, as measured by DNA
content, also changed following 5FU treatment. Dittmann et al. [28] reported a preferential
increase in early S phase (smaller DNA content) cells 24h following 5FU exposure. We
compared early and late replicating populations by arbitrarily dividing the BrdU-labeled
population in half based on cell size. There were increases in the frequencies of cells in both
early and late S phase after low dose 5FU exposure (Figure 3C). After higher dose 5FU
exposures, there were sharp decreases in frequency for both with the dose-dependent
decreases in late S phase proportions being more pronounced.

Plateau-phase cultures showed a much different response (Figure 3D). For the early S phase
population, there is an increase in BrdU-labeled cells that decreased sharply at 5FU doses
greater than 10μM. For the late S phase cells, there was a sharp decline in number that
began above the 5μM dose. It is important to emphasize that the fraction of S phase cells in
the plateau-phase cultures was quite small.

Comparisons between Different Endpoints
There was a highly significant (P=0.0006) linear relationship (r2=0.81) between TK1
activity and 1h FLT uptake (Figure 4A). There was more scatter in the points for the
exponential cultures than for the plateau culture. Based on the slopes of the regression lines,
the relationship between TK1 activity and 1h FLT uptake appeared to be similar for both
exponentially-growing cultures (1.71 ± 1.09) and plateau-phase cultures (1.75 ± 0.46) .

Treatment with NBMPR reduced overall levels of FLT uptake (Figure 4A) but still produced
a highly significant linear relationship (P=0.003, r2=0.90) between TK1 activity and 1h FLT
uptake. As for cultures not treated with NBMPR, there was more scatter in the data points
for the exponential cultures than for the plateau-phase cultures. The slope for NBMPR-
treated cultures (1.03 ± 0.31) was less than that observed for the cultures not treated with
NBMPR (1.86 ± 0.31).

Comparing FLT uptake to % S phase (Figure 4B) yielded a significant linear relationship for
the combined exponential and plateau-phase cultures (P=0.002, r2=0.69). This was driven
mostly by the differences between the two groups, exponential and plateau-phase culture
conditions. Viewed separately, there was a marginally significant linear relationship for the
plateau phase cultures (P=0.11, r2=0.50), but not for exponential cultures (P=0.23, r2=0.24).
The slopes for the two culture conditions were very different with the slope for the
exponential culture not significantly different from zero.

The relationship between TK1 activity and %S phase (Figure 5C) was linear and significant
for the combined exponential and plateau-phase cultures (P=0.0004, r2=0.83). It was also
significant for exponential cultures alone (P=0.01, r2=0.90). The relationship between TK1
activity and %S phase was not significant for plateau-phase cultures (P=0.28, r2=0.28).
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DISCUSSION
In exponentially-growing A549 cells, increased TK1 activity was the primary cause of the
flare in FLT uptake after low dose exposure to 5FU. 5FU treatment induced a dose-
dependent FLT uptake response (Figure 1A,B) that mirrored the observed changes in TK1
activity (Figure 2A). There was no evidence for any role of hENT1 in this 5FU-induced
increase in FLT uptake; While overall FLT uptake levels were lower in the NBMPR-treated
group, the shape of the curve was the same as seen without NBMPR (Figure 1A,B). Similar
observations were observed for the mostly non-proliferating cultures of cells (Figure 1C,D;
Figure 2A). Overall, the relationship between FLT uptake and TK1 activity with or without
hENT1 inhibition was highly significant and linear (Figure 5A). The slope for FLT uptake
versus TK1 activity in plateau-phase cultures was similar to that for the exponential cultures
(Figure 5A).

The effect of 5FU on FLT uptake in A549 cells was proliferation dependent. While the
plateau-phase cultures also have a low-dose 5FU-induced increase in FLT uptake, this could
be explained by the small fraction of S phase cells in these cultures (Figure 3B). There was a
small increase in early S phase cells (Figure 3D) following low dose exposure to 5FU and
that corresponded to increased FLT uptake (Figure 1C,D). At doses greater than 10μM, the
fraction of S phase cells declined to about half of what was observed in untreated cultures
(Figure 3B,D), with corresponding reductions in FLT uptake. The relationships between S
phase and FLT uptake (Figure 4B) and TK1 activity (Figure 4C) in plateau-phase cultures
suggest that the non-cycling portion of cells under these conditions retained some TK1
activity that was not affected by 5FU exposure.

The relationship between FLT uptake and cell cycle phase in 5FU-exposed exponential
cultures was more complex. Low dose exposure of exponential A549 cultures to 5FU led to
an accumulation of cells in S phase (Figure 3A). In these low-dose exposed exponential
cultures, there was no preferential buildup of cells in early S phase as others have noted
[28]. Increases in both early and late S phase cells were observed following a 10μM 5FU
exposure (Figure 3C), consistent with a previously reported slowing in the overall rate of
DNA synthesis [33] and activation of Chk1 [34]following TS inhibition. After high dose
exposures, the proportion of cells in S phase declined to below control values. In contrast,
FLT uptake values did not decline below control values. The simplest explanation for these
observations is that cells arresting in G1 following high dose 5FU exposures maintain
elevated TK1 activity.

In control cultures FLT uptake increased and then reached a plateau after 60min incubation
(Figure 2B). This is similar to what we have reported for non-cycling, plateau-phase cultures
of A549 cells [8]. In a previous analysis of FLT uptake in exponentially-growing A549
cells, we observed a slower rate of FLT uptake beyond 60min incubation rather than
maintenance of a stable level of FLT [13]. In that study cells were cultured with FLT at 37°
C which allows for continued progression in the cell cycle. In the present study all
incubations were at room temperature which impedes cells cycle progression. FLT uptake
and retention would be expected to increase in growing cell populations as additional cells
enter S phase. Once FLTTP pools were filled, thermodynamic control of the relationship
between the different FLT metabolites would help maintain a steady state of FLT in the
cells.

In contrast to control cultures, cells treated with 5FU showed continued increase in FLT
accumulation up to 120min with no obvious change in slope. This was true for both the
10μM-exposed cultures, which had a higher level of TK1 activity as compared to controls,
and the 100μM-exposed cultures, which had the same TK1 activity levels as controls. The
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continuing increase in FLT uptake and retention likely reflects dTTP depletion caused by
prolonged TS inhibition [35]. The time course is also consistent with observed increased
thymidine retention following TS inhibition in vivo [24].

There was essentially no effect of 5FU on the relative proportions of the different FLT
metabolites (Figure 2C). The proportions of FLTMP, FLTDP, and FLTTP were the same for
control and all doses of 5FU, consistent with the relationship between the different
nucleotides being under thermodynamic control and independent of enzymatic activity once
FLTMP has been produced.

Conclusion
It has been suggested that the identification of an increase in either FLT or thymidine uptake
and retention following chemotherapy treatment would provide a measure of TS inhibition
[23, 24]. Our studies with A549 cells support that suggestion and point to multiple elements
that underlie the increased uptake and retention of FLT in proliferating tumor cells.
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Figure 1.
5FU Dose-Dependent FLT Uptake in A549 Cells. (A) Intracellular levels of tracer (dpm/106

cells) in exponentially growing cells incubated in tracer-containing buffer. (B) Intracellular
levels of tracer (dpm/106 cells) in plateau-phase cells incubated in tracer-containing buffer.
(C) Intracellular levels of tracer (% of activity in cell-equivalent volume of buffer) in
exponentially growing cells incubated in tracer-containing buffer. (D) Intracellular levels of
tracer (% of activity in cell-equivalent volume of buffer) in plateau-phase cells incubated in
tracer-containing buffer. Open symbols: incubation with FLT in buffer. Filled symbols:
incubation with FLT in NBMPR-containing buffer. Results are the mean ± SD of at least
three replicates.
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Figure 2.
5FU Dose-Dependent Changes in (A) TK Activity (○, exponential cultures; •, plateau phase
cultures), (B) FLT uptake kinetics (○, control cultures; •, 10μM 5FU treated cultures; ▲,
100μM 5FU treated cultures), and (C) FLT metabolism (○, FLT; •, FLT-MP; X, FLT-DP;
▲, FLT-TP).
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Figure 3.
5FU Dose-Dependent Changes in (A) Cell cycle phase in exponentially growing cultures
(○, G1 phase cells; •, BrdU-labeled S phase cells; X BrdU-unlabeled S phase cells; Δ, G2/
M phase cells), (B) Cell cycle phase in plateau-phase cultures (○, G1 phase cells; •, BrdU-
labeled S phase cells; X BrdU-unlabeled S phase cells; Δ, G2/M phase cells), (C) Fraction
of cells in early S phase (○) or late S phase (•) in 5FU-treated exponentially growing
cultures, and (D) Fraction of cells in early S phase (Δ) or late S phase (▲) in 5FU-treated
plateau-phase cultures.
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Figure 4.
Comparisons between endpoints. (A) FLT Uptake versus TK activity (○, exponentially
growing cultures; •, plateau-phase cultures; Δ, exponentially growing cultures incubated in
NBMPR-containing buffer; ▲ plateau-phase cultures incubated in NBMPR-containing
buffer). (B) (A) FLT Uptake versus S phase percentage (○, exponentially growing cultures;
•, plateau-phase cultures; Δ, exponentially growing cultures incubated in NBMPR-
containing buffer; ▲ plateau-phase cultures incubated in NBMPR-containing buffer). (C)
TK activity versus S phase percentage (○, exponentially growing cultures; •, plateau-phase
cultures). Regression lines are shown.
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