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etry of fluorograms to determine band intensities, where the relation
ship between peak height and dpm was linear (r2 = 0.944) over the

range examined.
Inhibition of Thymidylate Synthase. The effect of a 24-h i.v. infusion

of [6RS]LV (20 to 1000 mg/m2) on the inhibition of thymidylate

synthase by FUra was examined in each of the four tumor lines. A
suboptimal dose of FUra was selected that would cause incomplete
inhibition of thymidylate synthase at the nadir, followed by some
recovery by the end of the infusion, such that potentiation by [o/ÃŽS']-

LV may be more readily determined. The doses of FUra used in mice
bearing HxELC2, HxGC3, HxVRC5, and HxHC, tumors were 50, 25,
15, and 10 mg/kg, respectively. FUra was administered i.v. by bolus
injection 3 h into a 24-h infusion of [6/J5]LV or saline, by means of a
3-way valve, and was flushed through the cannula with 0.1 ml saline
(0.9%). At this time, plasma levels of reduced folates were approaching
a steady state concentration, and intratumor pools of CH2-H4PteGlun
and H4PteGluâ€žwere elevated. At 4 and 21 h after FUra administration,
tumors were excised (4 tumors pooled; 2 mice/time point), cytosols
were prepared, and endogenous nucleotides were removed by charcoal
adsorption procedures, as described (19). The rate of release of 3H from
[5-3H]dUMP was subsequently determined in each sample and com
pared to the rate of release of 3H in control tumors, as reported
previously (8, 19). For each tumor line, differences between FUra- and
FUra-[6/?5]LV-treated groups were analyzed statistically using a one
way analysis of variance and subsequently by the Dunnett's test.

FPGS Activity. The activities of FPGS were determined in HxELC2,
HxGCj, HxVRCj, and HxHC, tumors using the method of McGuire
et al. (20) with slight modification using CBA/CaJ mouse liver as a
control. Tumors or livers were excised from mice and immediately
placed on ice. Tissues were subsequently homogenized at 2Â°Cin 3

volumes of 10 mM Tris-HCl (pH 8.9) containing 250 mM sucrose,
using a Potter homogenizer. Reaction mixtures contained 20 mM ATP,
32 mM MgCl2, 20 mM KC1, 100 mM /3-mercaptoethanol, 50 UMami-
nopterin, 4 mM [3H]glutamic acid (specific activity, 2.9 to 3.5 mCi/

mmol), and 20 to 120 n\ of cytosol (0.5 to 1.5 mg protein) in 0.1 M
Tris-HCl (pH 8.9) and a total volume of 250 //I. Incubations were at
37Â°Cfor 60 min, during which time the rate of reaction was linear.

Reactions were terminated by the addition of an excess of nonradiola-
beled glutamic acid (100 mM, 1 ml). Nonspecific radioactivity associ
ated with background was determined in the absence of aminopterin as
substrate. [3H]Glutamic acid incorporated into polyglutamate species

was separated from unreacted glutamic acid using DE52 columns (0.4
x 6 cm), as described (20). Protein concentrations were determined
using the method of Bradford (21).

RESULTS

Plasma Levels of Reduced Folates in Mice. At the end of a
24-h infusion of [6/?S]LV in mice at doses ranging from 50 to
1000 mg/m2, concentrations of [6R] LV, [6S]LV, and 5-CH3-

H4PteGlu achieved in plasma were determined (Fig. 1). The
relationship between dose and concentration was linear for each
reduced folate over the range of doses examined. In addition,
the slopes of the dose-response relationships were similar
among the three species. Concentrations of [6S]LV were inter
mediate between those of [6R]LV and 5-CH3-H4PteGlu, with
[6R]LV achieving levels 2.7-fold higher than [oS'JLV, which

was 1.6-fold in excess of the concentrations of 5-CH3-
H4PteGlu. Of interest was that for each incremental increase
in dose of [6A5]LV by a factor of 2, there was a doubling of
the concentration of each reduced folate species detected in
plasma, even between doses of [6RS]LV of 500 and 1000 mg/
m2.

Expansion of Pools of CH2-H2PteGlun and H4PteGluâ€žin Tu
mors. In HxELC2, HxVRC5, HxGC,, and HxHC, tumors, the
effect of a 24-h infusion of [oASJLV at doses ranging from 20
to 1000 mg/m2 on these pools was examined at the end of the

infusion period (Fig. 2).
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Fig. 1. Plasma concentrations of reduced folates in mice. Twenty-six immune-
deprived female CBA/CaJ mice were infused i.v. for 24 h with [6A5]LV at doses
ranging from 50 to 1000 mg/m2. Blood samples were subsequently collected in

heparinized syringes by cardiac puncture under metofane anesthesia. These were
immediately placed on ice, followed by the addition of sodium ascorbate to a final
concentration of 1 mg/ml. Plasmas were derived and subsequently analyzed for
their reduced folate content by HPLC procedures as described in "Materials and
Methods." Results represent the mean Â±SD (bars) of 3 to 6 determinations/
point. Data were analyzed by linear regression. (A) [6RJLV (r2 = 0.997); (â€¢)
[6S]LV (r2 = 0.992); (O) 5-CH3-H4PteGlu (r2 = 0.993).
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Fig. 2. Influence of 24-h i.v. infusions of (6A5]LV in mice at doses ranging
from 20 to 1000 mg/m2 on pools of CH2-H4PteGlu,, and H4PteGlun determined

at the end of the infusion in HxELC2, H.VRC,, H,GC3, and HxHC, tumors.
Tumors were excised, processed and assayed as described in "Materials and
Methods." Results represent the mean Â±SD (bars) of 3 determinations/point on
tissues (4 tumors) pooled at each dose level of [6A5]LV. Pools of CH2-H4PteGluâ€ž
and H4PteGluâ€žin untreated HxELC:, HxGCj, HxHC,, and HxVRC, tumors
were 0.5, 1.0, 1.9, and 2.7 JIM,respectively.

In HxELC2 tumors, pools were not expanded substantially
at doses of [6/?5]LV between 20 and 100 mg/m2. However, at
a dose level of 200 mg/m2, pools of CH2-H4PteGlun and

H4PteGlun were increased to 320% of control and continued to
increase up to a dose level of [6/?5]LV of 800 mg/m2, where a

plateau was reached. Between doses of [6/?S]LV of 250 and
500 mg/m2, reduced folate pools had not doubled in size but
had increased by 18%. Between 500 and 1000 mg/m2 [6RS]-

LV, pools were expanded by a further 10%. No differences in
expansion of pools of CH2-H4PteGluâ€žand H4PteGlun were
detected between [6/?S]LV dose levels at 800 and 1000 mg/m2.

In line HxVRC,, pools of CH2-H4PteGlun and H4PteGlun
were also elevated substantially in response to the administra
tion of [6RS]LV. At low [6A5]LV dose levels of 20 and 50
mg/m2, pools were expanded to between 168 and 211% of

control. These increases became considerably higher at a dose
of 100 mg/m2 (350% of control), thereafter increasing gradually

to 424% of control up to a dose level of [6/?5]LV of 800 mg/
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m2. Between [Ã³tfSjLV doses of 50 and 100 mg/m2, the greatest

change in pool size expansion was observed, where this was
essentially doubled. Between 100 and 800 mg/m2, pools were

increased by 21% only, which was not statistically significant
(P = 0.67).

For HxHC] tumors, although a small upward trend in
pool size expansion in response to [6Ã„5JLV was observed,
this was determined statistically to be nonsignificant. Pools
were expanded maximally to 137% of control, at a dose level
of [6/W]LV of 500 mg/m2.

In line HxGC3, pools of CH2-H4PteGlun and H4PteGlun were
expanded to a degree intermediate between that observed for
HxHC, in comparison to HxELC2 or HxVRC5 tumors. At a
dose level of [6RS]LV of 20 mg/m2, reduced folate pools were

increased to 169% of control (P< 0.01). Thereafter, these pools
continued to increase further (P= 0.01) to a maximum of 233%
of control, achieved at 1000 mg/m2 [6Ã„SJLV.

Modulation of CH2-H4PteGlun and H4PteGlun Species. For
each of the four tumor lines, the influence of dose of [6.rW]LV
on the predominance of polyglutamate species was examined
at the end of the 24-h infusion for both the CH2-H4PteGluâ€ž
pool and also the combined pools of CH2-H4PteGlun and
H4PteGlun. Data for the CH2-H4PteGluâ€žpool have been pre
sented in detail. Any similarities or differences in the distribu
tion of individual species within the combined pools has been
additionally described.

In HxELC2 tumors, the penta- and hexaglutamate forms of
CH2-H4PteGlun predominated in untreated tumors. Subse
quently, three dose levels of [6A5]LV were examined; 100, 400,
and 1000 mg/m2 (Fig. 3). At a dose level of 100 mg/m2 [6RS]-
LV, the tri-, tetra-, and pentaglutamate forms of CH2-
H4PteGlun were markedly elevated while CH2-H4PteGlu6 de
creased. As the dose of [6/JS]LV was increased, the predomi
nance of the three species also increased. At 400 mg/m2 [6RS]-
LV, the appearance of CH2-H4PteGlu2 was observed, which
was increased somewhat at 1000 mg/m2 [6RS]LV. The greatest

change in species between [6RS]LV dose levels of 400 and 1000
mg/m2 was in the elevation in CH2-H4PteGlu3 and CH2-

H4PteGlu4. For the combined pools (CH2-H4PteGlun and
H4PteGluâ€ž),similar patterns of modulation of species were
observed in relation to the dose of [o/JS'jLV (data not shown).

For line HxVRC5, CH2-H4PteGlu5 predominated in un
treated tumors, with CH2-H4PteGluâ€žcontaining from 2 to 6
glutamate residues also present. At a dose level of 20 mg/m2
[6RS]LV, CH2-H4PteGlu2 5 were elevated, whereas CH2-

H4PteGlu6 decreased (Fig. 3). At additional doses of 200 and
1000 mg/m2 [6/?S]LV examined, tri-, tetra-, and also digluta-

mate species increased with increasing dose of [67?5]LV (Fig.
3). For the combined pools of CH2-H4PteGluâ€žand H4PteGlun,
the tri-, tetra-, and pentaglutamates continued to increase with
increasing dose of [6/?5]LV, the hexaglutamate decreased, and
the diglutamate was not detected at any dose of [6/?5]LV (data
not shown).

In HxGC3 tumors (Fig. 3), CH2-H4PteGlu4 and CH2-
H4PteGlu5 were elevated at a dose of 20 mg/m2 [6RS]LV, with
a slight increase in CH2-H4PteGlu3. The tetraglutamate contin
ued to increase up to a dose of 1000 mg/m2 examined. CH2-

H4PteGlu3 was elevated substantially only at this highest dose
of [o/WjLV used. CH2-H4PteGlu6, a major species in untreated
tumors, was no longer detected at 200 mg/m2 [6/?5"]LV. For

the combined pools of CH2-H4PteGlun and H4PteGlun, modu
lation by [o/fi'lLV was similar to that observed within the CH2-

H4PteGlun pool (data not shown).
For line HxHC, (Fig. 3), CH2-H4PteGlu5 predominated in

untreated tumors. At a dose level of 20 mg/m2 [67?5]LV, tri-,
tetra-, and pentaglutamates were elevated, whereas CH2-

H4PteGlu6 decreased. As the dose of [6/JS]LV was increased
to 250 and 1000 mg/m2, CH2-H4PteGlu3 and CH2-H4PteGlu4
increased, while CH2-H4PteGlu5 remained fairly stable (Fig. 3);
in a separate experiment, CH2-H4PteGlu5 appeared to decline
(data not shown). CH2-H4PteGlu6 was also decreased. Similar
observations were made for the combined pools of CH2-
H4PteGluâ€žand H4PteGluâ€ž(data not shown).

Thymidylate Synthase Inhibition. The effect of increasing the
dose of [6A5]LV on the inhibition of thymidylate synthase
induced by FUra was examined in each of the four tumor lines,

Fig. 3. Effect of dose of [6Ã„5JLV on the
predominance of CH2-H4PteGluâ€žspecies in
HxELCj, HxVRC,, HxGC3, and HxHC, tu
mors at the end of a 24-h i.v. infusion of [6RS]
LV (20 to 1000 mg/m2) in mice. Ternary com
plexes formed using [6-3H]FdUMP, L. casei
thymidylate synthase, and tumor extracts were
electrophoresed on 28-cm 9% polyacrylamide
nondenaturing gels prior to processing and
fluorography. Equivalent amounts of reaction
mixtures containing 10% glycerol were applied
to each gel. Each peak height, analyzed by
scanning densitometry. is the mean of dupli
cate determinations.
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when FUra was administered by i.v. bolus injection at 3 h into
the 24-h infusion of [o/fSJLV (Fig. 4). Thymidylate synthase
activity was subsequently determined in untreated tumors and
at 4 and 21 h, after the administration of FUra. Doses of
[oAS^LV used were 215, 430, and 644 mg/m2 in studies utiliz

ing HxELC2, HxGC3, and HxVRC5 tumors and were 20, 250,
and 1000 mg/m2 for HxHC, tumors. Doses of FUra utilized

were 50, 25, 15, and 10 mg/kg, respectively.
In HxELC2 tumors (Fig. 4), the extent of thymidylate syn

thase inhibition at 4 h after FUra administration was similar
(44 to 50% of control) among the four treatment groups (P =
0.402). By the end of the infusion of [6/W]LV, thymidylate
synthase activity had returned to 94% of control in tumors
receiving FUra alone. However, in the [6/?5]LV-treated groups,
as the dose of [6RS]LV was increased from 215 to 430 and 644
mg/m2, FUra-mediated enzyme inhibition was also increased,
where enzyme activity had recovered to 87% (P = 0.145), 65%
(P < 0.001), and 55% (P < 0.001) of control, respectively.

In HxVRCs tumors, retardation of the recovery of thymidyl
ate synthase following FUra administration was also related to
the dose of [6Ã„SJLV (Fig. 4). At 4 h after FUra, inhibition of
thymidylate synthase was similar between the FUra alone and
FUra-IoASjLV-treated groups (20 to 24% of control; P =
0.154). By the end of the [6RS]LV infusion, thymidylate syn
thase had reached 64% of control in FUra-treated tumors. At
dose levels of[6RS]LV of 215 and 430 mg/m2, enzyme activity

was depressed to between 48 and 52% of control (P < 0.001);
and at a dose level of 644 mg/m2, activity was further reduced

to 35% of control (P < 0.001).
For line HxGC3 (Fig. 4), FUra alone reduced thymidylate

synthase activity to 43% of control, 4 h after drug administra
tion. At this time, [6/Ã•S]LV potentiated the degree of enzyme
inhibition to 31 to 35% of control (P< 0.003) at dose levels of
215 and 430 mg/m2, whereas at a dose level of 644 mg/m2, no

increase in the degree of thymidylate synthase inhibition was
observed (P = 0.142). By the end of the [6RS]LV infusion,

Hours after FUra

Fig. 4. Inhibition of thymidylate synthase by FUra (50, 25, 15, and 10 mg/
kg, respectively) in HxELC2, HxGC3, HxVRC,, and HxHC, tumors, respectively,
in the absence or in the presence of [6A5]LV at different dose levels. These were
215, 430, and 644 mg/m2 in lines HxELC;, HxGCj, and HxVRC, and 20, 250,
and 1000 mg/m2 in HxHCi tumors. [6Ã„5JLV was administered to mice by 24-h

i.v. infusion, with FUra given by bolus i.v. injection 3 h into the infusion of [6RS]
LV. Alternatively, mice received FUra alone. Thymidylate synthase activity was
subsequently assayed in untreated tumors and at 4 and 21 h after FUra treatment
from the release of 3H from [S-'HjdUMP as described in "Materials and Meth
ods." Results represent the mean Â±SD (bars) of 3 determinations/point using

pooled tissues at each time point. The activities of thymidylate synthase in
untreated tumors were 0.09, 0.18, 0.60, and 1.53 nmol/min/g tissue for lines
HxELC2, HxHC,, HxGC,, and HxVRCj, respectively.

enzyme activity had returned to 70% of control in tumors
receiving FUra alone. Of interest was that the recovery of
thymidylate synthase in [oAS'jLV-FUra-treated tumors ap

peared inversely related to the dose of [6/?5]LV. Hence, at 21
h after FUra, enzyme activity was 69, 64, and 51% of control
in tumors treated with [6RS]LV dose levels of 644 (P = 0.264),
430 (P = 0.106), and 215 (P < 0.01) mg/m2, respectively.

For line HxHC, (Fig. 4), at both 4 and 21 h after FUra
administration, the degree of depression of thymidylate syn
thase activity was similar for tumors treated with FUra alone
or FUra-[6A5]LV (20 to 1000 mg/m2). At 4 h after drug

administration, thymidylate synthase activity was reduced to
between 8 and 12% of control. By the end of the [6RS]LV
infusion, enzyme activity was at 20% of control in tumors
receiving FUra alone and 16% of control in [o/Ã®S'lLV-FUra-

treated tumors (P = 0.142).
FPGS Activities. FPGS activities were determined in each of

the four colon xenografts and also in livers derived from CBA/
CaJ mice (Table 1). Line HxELC2 demonstrated the lowest
activity (310 pmol/h/mg protein), and HxGC., and HxVRC,
tumors were 3.3- to 4.2-fold higher (1015 to 1290 pmol/mg
protein). Line HxHC, demonstrated an intermediate level of
activity (786 pmol/h/mg protein). FPGS determined in mouse
liver was 453 pmol/h/mg protein.

DISCUSSION

In this study, the concentrations of reduced folate species in
plasma were linearly related to the dose of [6/?5]LV. However,
in neoplastic tissues, biochemical modulation in response to
the dose of [6/?S]LV differed among the four tumor lines. In
HxELCz and HxVRC5 tumors,the disproportionate expansion
of CH2-H4PteGlun and H4PteGlun pools beyond [6/W]LV doses
of 100 to 200 mg/m2 suggested that there may be saturation

either in [65]LV uptake at the cellular level or in subsequent
metabolism to other reduced folate species. At high dose levels
of [6A^]LV, it is possible that saturation of the reduced folate
transport system may occur. Alternatively, competition between
the biologically inactive [6R] diastereoisomer and active [6S]
isomer of [Ã³/Ã¬S^LVat the level of transport could proportion
ately reduce the concentration of [65]LV inside the cell, as the
dose of [6/?5]LV is increased. The interference of [6/Ã®]LVwith
the biological processing of [65]LV has yet to be proved,
however (22). A more probable occurrence is saturation in the
cellular metabolism of [65]LV. In studies with the murine colon
38 tumor in mice, 5-CHO-H4PteGlu appeared to readily enter
neoplastic cells. However, due to apparently low levels of CH=
H4PteGlu synthetase, the enzyme responsible for the initial
conversion of 5-CHO-H4PteGlu to CH=H4PteGlu, inefficient
metabolism of 5-CHO-H4PteGlu was observed (23). The dose
of [6/J5]LV used in these studies was 400 mg/kg (approxi
mately 1200 mg/m2). This constitutes a high dose level of
[6RS]LV, and maximum expansion of pools of CH2-H4PteGlun
and H4PteGlun (by 5- to 6-fold) may already have been achieved.

Table 1 Activities of FPGS in human colon xenografts and CBA/CaJ mouse liver

TissueHxGC,HxVRC,HxHC,HxELC3LiverFPGS
activity

(pmol/h/mgprotein)1290Â±
160Â°1015

Â±203786
Â±31310

Â±52453
Â±140

a Results represent the mean Â±SD of 6 to 16 determinations from 2 to 4

separate experiments in neoplastic tissues and 23 determinations from 6 separate
experiments in mouse liver.
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The maximal degree of modulation of these pools in response
to [6Ã„5JLV was similar to that observed in HxELC2 and
HxVRC5 xenografts. In these human tumors, retardation of the
recovery of thymidylate synthase also increased with increasing
doseof[6/?S]LV.

In HxHC, tumors, little effect of [oA^JLV on either the
degree or duration of thymidylate synthase inhibition was ob
served, even at the highest dose of [Ã³/ÃSjLVused in the study
(1000 mg/m2). This may be due to the lack of significant
expansion of pools of CH2-H4PteGluâ€žand H4PteGlun in re
sponse to [6/?5]LV. However, a fairly high degree of thymidyl
ate synthase inhibition (92%, 4 h after FUra) was observed at
a low dose level of FUra (10 mg/kg), which would make small
differences in enzyme inhibition difficult to detect. Of interest
was the observation in HxGC3 tumors that an apparently
greater degree of FUra-mediated thymidylate synthase inhibi
tion was obtained with the lowest dose level of [6/?5]LV (215
mg/m2) examined. At present, the reason for this observation

remains unclear. However, a report from the Mayo Clinic (4)
has suggested that low-dose [6RS]LV (20 mg/m2) might induce
higher response rates (43%) than high-dose [6/?5]LV (200 mg/
m2; 26%) in combination with FUra in patients with colorectal

adenocarcinoma. Whether a subset of colon tumors might exist
with this particular metabolic phenotype therefore requires
further examination.

The overall expansion of the CH2-H4PteGluâ€žpool will be
determined by both increases and decreases in any particular
polyglutamate species. Of note is that in all four tumor lines,
CH2-H4PteGlu6 was decreased as the dose of [OAS'ILV in

creased. The reason for this consistent finding is unknown but
may counter the effect of expanding the pools of lower polyglu
tamate forms of CH2-H4PteGlu particularly in HxGC3 and
possibly in HxHCi tumors. For example, in HxGQ xenografts
the total pool was elevated at a dose of 20 mg/m2 [oÃ„.S'ILV.

There was an increase in CH2-H4PteGlu3_5 with only a slight
loss of the hexaglutamate species. At higher doses of[6RS]LV
increases in these lower chain length forms were largely offset
by the complete loss of CH2-H4PteGlu6. In tumors HxELC2
and HxVRC5 the substantial increase in CH2-H4PteGlu2_5 ap
pears to override the effect of the loss of hexaglutamate. Thus,
quantitative changes in the total CH2-H4PteGlun pool may be
affected by qualitative alterations through redistribution of
polyglutamate species.

In the current study, modulation of FUra-induced thymidyl
ate synthase inhibition during a 24-h i.v. infusion of [6/J.S]LV
in mice has been observed at plasma concentrations of [65]LV
ranging from 2.5 MM(215 mg/m2 [6Ã„S]LV) to 7.2 MM(644
mg/m2 [Ã¶Ã„S^LV).Clinically, increased response rates to FUra-

[6/ÃŽ5JLVhave been achieved during continuous infusion of
[6/?5]LV (500 mg/m2), in which plasma concentrations of [65]-

LV have reached 1.2 to 4.5 MM(5-7). In cultured S-180 and
Hep-2 cells, 20 MM[6RS]LV (27-h exposure) was the lowest
concentration that provided for maximal potentiation of the
growth inhibition induced by FUra (3-h exposure) and also
retarded recovery of thymidylate synthase activity (24). How
ever, in in vivo studies, both clinical and experimental, modu
lation of FUra activity by [6/?5]LV has occurred in the presence
of lower concentrations of [6SJLV in plasma (1.2 to 7.0 MM).
Keyomarsi and Moran (25) demonstrated in LI210 and B-8392
cells that maximal potentiation of growth inhibition by FUra
was induced at 1 MM[6/ÃŽ5JLV,when cells were exposed contin
uously to both agents. Whether these are truly optimal concen
trations of [oS^LV in the xenograft models relative to tumor-
specific metabolism and cytotoxicity have yet to be determined.

FPGS activities determined in the four colon xenograft lines
differed by 4.2-fold. The activity determined for CBA/CaJ
mouse liver was in the same range reported by others for the
rat (320 pmol/h/mg protein). Line HxELC? demonstrated the
lowest activity of FPGS, whereas HxVRC5 and HxGC, tumors
contained the highest activities. The combined pools of CH2-
H4PteGluâ€žand H4PteGlun had been estimated to be 0.5, 2.7,
and 1 MM,respectively, and for CH2-H4PteGluâ€žapproximately
0.2, 1.7, and 0.5 MM,respectively (12). However, the pattern of
modulation of CH2-H4PteGlun species in HxELC2 and Hx-
VRC.s tumors was similar with increasing dose of [6RS]LV.
Thus, there was no relationship between the activity of FPGS
and the pattern of modulation of CH2-H4PteGluâ€žspecies in
tumors when [Ã³/ÃSjLVwas delivered by 24 h i.v. infusion. The
increased distribution of CH2-H4PteGlu3-5 observed at high
dose levels of [6flS]LV in HxELC2 and HxVRC5 tumors are
most likely responsible for the retardation of recovery of FUra-
inhibited thymidylate synthase in both lines. In all tumors,
CH2-H4PteGlu6 decreased during [6/?5]LV infusion. This may
be due to its utilization in enzymic reactions without being as
rapidly resynthesized, or alternatively, may be less efficient in
competition for [6--'H]FdUMP binding due to the greater avail

ability of other polyglutamate species.
The biochemical characteristics of these tumors are complex.

However, of interest was that three patterns emerged concern
ing biochemical modulation by [6/fS]LV. HxELC2 and Hx-
VRC5 tumors were similar, while HxGC3 and HxHC, appeared
to differ, providing a spectrum from little or no modulation to
tumors in which pools could be markedly enhanced. HxELC2
and HxHCi tumors had previously demonstrated some sensi
tivity to treatment with FUra or 5-fluoro-2'-deoxyuridine alone,

which may relate, in part, to the low activities of thymidylate
synthase in these tumors. However, due to the degree of expan
sion of CH2-H4PteGluâ€žand H4PteGlun pools in HxELC2 and
HxVRC; tumors in response to [o/Ã•S^LVand effects on FUra-
induced thymidylate synthase inhibition, these tumors are the
most likely to respond to 5-fluoropyrimidine-[6/?5]LV combi
nations, provided that thymidine salvage, thymidylate synthase
levels, or concentrations of FdUMP do not limit the utility of
the combination, and reduced folate pools are elevated suffi
ciently.

Previous studies from these laboratories have demonstrated
schedule-dependent effects on expansion of pools of CH2-
H4PteGluâ€žand H4PteGlun and the distribution of their polyglu
tamate species (26). Future studies must therefore determine
the effect of dose and frequency of administration of [6/?5]LV
on the cytotoxicity of FUra in the individual xenograft models.
To maintain inhibition of thymidylate synthase and to maxi
mize therapeutic activity, it will be necessary to use optimal
doses of FUra and may be necessary to administer FUra-
[6RS]-LV combinations over a period of 5 days, similar to the
clinical application of the drug combination. Interpretation of
data may also be aided by further analysis of the modulation of
metabolic characteristics within individual tumors during this
time period.
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