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Abstract—Methotrexate (MTX) and 6-mercaptopurine (6MP) are common drugs in the oral maintenance
therapy of acute lymphoblastic leukemia (ALL). On the basis of their biochemical effects on cell
metabolism, a sequence-dependent synergism might be anticipated. In order to investigate this hypoth-
esis, MOLT-4 human malignant T-lymphoblasts were incubated with various concentrations of MTX.
The time at which maximal increase of intracellular 5-phosphoribosyl-1-pyrophosphate (PRPP) levels
was found correlated with the concentrations of MTX used.

Determination of aminoimidazolecarboxamide ribonucleoside monophosphate (AICAR) levels and
labeled glycine incorporation into purine metabolites revealed an incomplete inhibition of purine de
novo synthesis after incubation with 0.02 uM MTX, and a complete inhibition with 0.2 uM MTX.

After prolonged periods of incubation, glutamine exhaustion of the medium caused inhibition of
purine de novo synthesis in MTX-untreated cells, with a concomitant increase of PRPP levels. Addition
of glutamine to the medium prevented this phenomenon.

The increased availability of PRPP after pretreatment with MTX can be used for enhanced intracellular
incorporation of hypoxanthine and 6MP in their respective nucleotides. The time- and dose-dependent
effects of MTX on PRPP levels correlated with the enhanced incorporation of hypoxanthine and 6MP.
The data presented in this study demonstrate that a synergistic action of the combination of MTX and
6MP can be anticipated in malignant lymphoblasts with an active purine de novo synthesis depending

0006-2952/86 $3.00 + 0.00
Pergamon Journals Ltd.

on the concentration of MTX and on the time and sequence of administration of both drugs.

During the last decade much attention has been paid
to drug combinations based on the synergistic and
sequence-dependent biochemical effects of the drugs
on cell metabolism. The most striking example of
synergistic anticancer drug combination is metho-
trexate (MTX) administration preceding S-fluoro-
uracil (SFU) [1-8]. Other examples include MTX
and 6-thioguanine (6TG) [9], 6-methylmercapto-
purine ribonucleoside (MeMPR) and 5FU [1, 10,
11}, MeMPR and 6TG [12], and MeMPR and 6-
mercaptopurine (6MP) [13-15].

The biochemical basis for these synergistic drug
combinations is the inhibition of purine de novo
synthesis by MTX or MeMPR with concomitant
accumulation of 5-phosphoribosyl-1-pyrophosphate
(PRPP) [1,4,10-12, 14,16]. The increased avail-
ability of PRPP can be used for enhanced conversion
of purine and pyrimidine bases and analogues, sub-
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sequently administered, and enhanced incorporation
into RNA and DNA.

MTX and 6MP have been used for more than 30
years in the therapy of acute lymphoblastic leukemia
(ALL) as single drugs {17-20]. The combination of
both drugs is in use for more than 20 years
[19,21,22]. The increased efficacy of the com-
bination in the maintenance therapy of ALL was
mainly based on empirical data from studies in
patients. To our knowledge no mention has been
made in literature of the possibly synergistic action of
both drugs, based on the biochemical considerations
above. Especially for malignant lymphoblasts with
an active rate of purine de novo synthesis (Fig. 1),
in contrast to normal peripheral blood lymphocytes
or normal bone marrow cells without an active purine
de novo synthesis [23]. the synergistic effect should
be more dramatic.

In the present study, we first investigated the time-
and dose-dependent effect of MTX on the purine
de novo synthesis in MOLT-4 human malignant T-
lymphoblasts, especially with reference to the intra-
cellular PRPP and aminoimidazolecarboxamide
ribonucleoside monophosphate (AICAR) levels and
the incorporation of labeled glycine. We could dem-
onstrate further that the increased availability of
PRPP. due to pretreatment with MTX, can be used
for enhanced incorporation of the purine base hypo-
xanthine and its analogue 6MP. The time at which
PRPP levels, and incorporation of hypoxanthine and
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Fig. 1. Simplified scheme of effects of MTX and 6MP

on purine metabolism: 1, amidophosphoribosyltransferase

(E.C. 2.4.2.14.); 2, glycinamide ribonucleotide formyl-

transferase (E.C. 2.1.2.2.); 3, aminoimidazolecarboxamide

ribonucleotide formyltransferase (E.C. 2.1.2.3.); 4,

hypoxanthine-guanine phosphoribosyltransferase (E.C.
2.4.2.8.).

6MP, are maximal, is correlated with the con-
centration of MTX used.

Preliminary data of these studies have been
reported [24].

MATERIALS AND METHODS

Materials. MTX (Emtrexate PF) was purchased
from Pharmachemie (Haarlem, The Netherlands):
[carboxyl-'*C] orotic acid (51.1 mCi/mmol) from
New England Nuclear (Boston, MA); [U-"*C] gly-
cine (110 mCi/mmol), [8-'*C]  hypoxanthine
(55mCi/mmol) and [8-'*C] 6-mercaptopurine
{1.7mCi/mmol) from Amersham International Ltd
(Amersham, U.K.); PRPP from Sigma (St. Louis,
MO); a preparation from brewer’s yeast containing
orotate phosphoribosyltransferase (OPRT, E.C.
2.4.2.10) and orotidylate decarboxylase (ODC,
E.C.4.1.1.23) from Boechringer —Mannheim
(Mannheim, F.R.G.); MOLT-4 human T-lympho-
blasts from Flow Laboratories (Irvine, U.K.). The
E-rosette forming capacity and the presence of T-
cell antigens on the MOLT-4 cells in culture was
tested every 3 months. The latter by means of mono-
clonal antibodies [25].

Cell cultures. MOLT-4 cells were allowed to grow
at 37° in a water-saturated atmosphere containing
2.5% CO, in RPMI medium 1640 Dutch Modi-
fication (DM), supplemented with 10% nondialyzed
fetal calf serum (v/v), penicillin (100,000 U/1) and
streptomycine (100,000 ug/!) in plastic culture flasks.
In order to avoid peroxide formation by light in the
presence of HEPES (N-2-hydroxyethyl-piperazine-
N’-2-ethanesulfonic acid), we supplemented also
2mM sodium pyruvate [26]. The initial concen-
tration of hypoxanthine in fresh medium, determined
by high-performance liquid chromatographic
(HPLC) analysis, was 3-5uM. Logarithmically
growing cells were suspended in fresh medium in a
concentration of 0.3 x 10° cells/ml 24 hr before each
experiment. During the experiments glutamine was
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added every 24 hr to a final concentration of approxi-
mately 2 mM (determined by amino acid analysis) in
order to prevent glutamine exhaustion of the
medium, which leads to inhibition of purine de novo
synthesis and concomitant increase of PRPP.

MTX. diluted in medium. was added as a single
dose in a small volume (17100 fraction). and
remained in the culture for the duration of the exper-
iment. An appropriate volume of medium was added
to untreated cells.

The number of viable cells (trypan blue exclusion)
was counted at each point of time in duplicate in a
Blurker-Tirk chamber.

PRPP assay. We modified and miniaturized the
assay for determination of PRPP as described by
Peters and Veerkamp [27]. The assay is based on the
production of '*CO; from a [carboxyl-1*C] orotic acid
precursor as described by others [28-30].

An aliquot of 1.0 ml cell suspension was centri-
fuged (400 g, 8 min, 4°), suspended in 125 yl S0 mM
Tris—-HCl (pH 7.4) containing 1mM EDTA and
lysed by a micro-ultrasonic cell disrupter (Kontes).
Inactivation of enzymes was obtained by heating for
45 sec in boiling water. Afterwards correction was
made for the destruction of PRPP during this pro-
cedure by measuring the recovery of known amounts
of PRPP simultaneously. One hundred microliters
of the boiled solution were incubated with 10 uyl of
OPRT/ODC (25 mg/ml) in 100 mM MgCl, solution
and 5 uL (0.8 mM labeled plus 0.8 mM unlabeled)
orotic acid in a 0.7 ml reaction vessel (Eppendorf,
Hamburg, F.R.G.). This reaction vessel was placed
on another empty reaction vessel and subsequently
in a polypropylene scintillation minivial containing
0.1 ml ethylene glycol/ethanolamine (2:1v/v). The
minivial was placed in a glass vial sealed with a
rubber cap (Fig. 2). In this way all *CO;, liberated
was trapped in the ethylene glycol/ethanolamine
mixture and the reaction vessel could be removed
afterwards without contamination of *CO,. After
incubation for 90 min at 37° the reaction was stopped
by injection of 40 ul 5N HCIO, through the rubber
cap into the reaction vessel. After a second incu-
bation of 90 min at 37° in order to trap all *CO,
liberated from the reaction mixture, the reaction
vessel was removed and 5 ml scintillation fluid was
added which consisted of 4 g/l Omnifluor (New Eng-
land Nuclear, Boston, MA) in Toluene Scintillator

Rusber cap
Cap
Glass val

) Reaction vesse! with
" ceil mixture

Empty reaction vessel

Polypropylens vial

£ thyleneglycol
=thanol amine

Fig. 2. Micro-assay of PRPP.
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(Packard, Groningen, The Netherlands)/methanol
(2:1v/v). The amount of *CO, trapped in ethylene
glycol/ethanolamine was counted in a liquid scin-
tillation analyzer. The total recovery of PRPP stan-
dards was 92.8% (SD = 6.1, N = 12). As mentioned
before, corrections were made for the destruction of
PRPP during heating. The assay is linear between
0.015nmol and 5.0 nmol (corr. coeff.: 0.9986, P-
value: < 0.001, N = 6).

Incorporation of [U-*C] glycine. The incor-
poration of glycine into purine metabolites can be
used as a measurement of the activity of purine de
novo synthesis. We modified the assay described
earlier [10]. At intervals indicated, 10 ml of the cell
suspension were incubated for 4 hr at 37° with 100 ul
[U-*C] glycine. After centrifugation (1350 g, 4 min)
the cell pellet was washed once with fresh medium
in order to remove free glycine. The cell pellet was
incubated for 1 hr at 100° with 400 ul 1 N HCIO,, in
order to precipitate protein and to hydrolyse nucleic
acids and nucleotides, which had incorporated
glycine. After centrifugation, the pellet was washed
with 100 yl 1 N HClIO,, and centrifuged again. Both
supernatants were neutralized with 4 N KOH, cooled
immediately afterwards at —20° and centrifuged. The
supernatant was incubated for 1 hr at 37° with 0.3 mg
pronase in order to hydrolyse all protein. The
samples were evaporated to dryness and redissolved
in 25 ul of water. These samples were counted in a
liquid scintillation analyzer and further analyzed on
two-dimensional thin-layer chromatography, util-
izing butanol: methanol: water:ammonia (33%)
(30:10:10:1) and secondly 0.15 M NaCl, and using
ninhydrin as a marker. This procedure allowed sep-
aration of glycine incorporated into adenine, hypo-
xanthine, guanine and adenosine respectively and
free glycine.

After correction for the glycine concentration in
fresh medium (determined by amino acid analysis)
and correction for losses during the procedure, the
amount of glycine incorporated into purine metab-
olites was calculated and expressed as pmol/hr/10°
viable cells.

Incorporation of [8-1*C] hypoxanthine and [8-1*C]
6-mercaptopurine. At various intervals, aliquots of
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0.5ml of the cell culture were sampled and 0.1 ml
(570 uM unlabeled plus 30 uM labeled) hypoxan-
thine was added to a final concentration of 100 uM.
After mixing the samples were incubated for 20 min
at 37°. The reaction was stopped by cooling (5 min,
0°), cells were centrifuged (8500 g, 5 min) and resus-
pended in 75ul of the supernatant. These sus-
pensions were layered in a microtube (0.4 ml, Eppen-
dorf, Hamburg, F.R.G.) over a discontinuous
gradient consisting of 50 y} 5% saccharose in 0.9%
NaCl at the bottom and 70 ul silicone oil (AR 20/
AR200 1:1 v/v, Wacker Chemie, Miinchen,
F.R.G.) on the top of the gradient. The microtubes
were centrifuged (centrifugal force slowly increasing
to 7500 g and then maintained for 20 sec) in order
to separate the cell pellet [31]. The microtubes were
cut just above the cell pellet. The cell pellets were
resuspended in 2 m!l Soluene (Packard, Groningen,
The Netherlands) and after 24 hr radioactivity was
counted in a liquid scintillation analyzer after
addition of 10 ml scintillation fluid: 5% Triton (v/v)
in a toluene scintillator.

Analyses with thin layer chromatography after
centrifugation of the microtubes showed that the
label in the cell pellet after addition of 100 uM
[8-14C] hypoxanthine was distributed as follows: 75%
ATP, 12% ADP, 3% AMP, 1.2% IMP, 3.6% hypo-
xanthine, 0.1% adenosine and 5.1% unknown 8-*C
label. The saccharose-NaCl solution above the cell
pellet did not contain radioactivity. The medium
above the oil compartment contained 98% labeled
hypoxanthine, 1% labeled inosine and 1% labeled
nucleotides but no cells.

Similar experiments were performed at various
intervals with {8-1*C] hypoxanthine in a final con-
centration of 10 uM (intracellular label distribution:
82% ATP, 12.2% ADP, 1.7% AMP, 1.0% IMP,
0.4% hypoxanthine and 2.7% unknown), and with
[8-1*C] 6-mercaptopurine in final concentrations of
100 uM and 10 uM, respectively.

After addition of 100 uM [8-1*C] 6-mercaptopurine
the intracellular label was distributed as follows:
6.0% ATP. 1.5% ADP (loss of thiol group), 66.6%
tIMP, 8.3% thio-inosine, 1.3% 6MP, 11.0% thio-
guanosine and 5.3% unknown label.
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Fig. 3. Effects of MTX on intracellular PRPP levels in MOLT-4 cells. Cells were exposed at ¢t =0 to

MTX, and PRPP levels were determined as described in Materials and Methods: (a) 0.2 uM MTX, (b)

0.02 uM MTX. Results were expressed as nmol/10° viable cells. @, MTX-treated cells; O, untreated

cells. Each dot represents a determination in duplicate. The curve is drawn through the mean of the
determinations at each point of time.
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Fig. 4. Effects of MTX on intracellular AICAR levels in

MOLT-4 cells. Cells were exposed at 1 =0 to MTX. and

AICAR levels were determined as described in Materials

and Methods. Results were expressed as pmol/10° viable
cells. See further legend for Fig. 3.

The amount of incorporated purine bases was
expressed as nmol/10° viable cells/20 min.

AICAR assay. Determinations of AICAR were
performed by HPLC essentially according to De
Abreu ef al. [32] and the levels were expressed as
pmol/10° viable cells.

RESULTS

Effects of MTX on PRPP levels

Figure 3 shows the effects on intracellular PRPP
levels in MOLT-4 cells after incubation with 0.2 uM
and 0.02uM MTX. respectively. These concen-
trations of MTX were used. because they can be
maintained in vivo for many hours after oral adminis-
tration in the maintenance therapy of ALL in chil-
dren [33-35]. Concentrations of 0.2uM MTX
increased intracellular PRPP levels 11-fold after 8 hr
of incubation, whereas 0.02uM MTX increased
PRPP levels 9-fold with a maximum reached at a
later point of time (i.e. between 20 and 28 hr). After
48 hr PRPP levels decreased to those of untreated
cells.

Effects of MTX on AICAR levels and [U-"*C] glycine
incorporation

After incubation of MOLT-4 cells with 0.02 @M
MTX a significant (18-fold) increase of AICAR was
observed with a maximum at 28 hr, followed by a
decrease at 48 hr (Fig. 4). suggesting an incomplete
inhibition of purine de novo synthesis at 20-28 hr.
which recovered at 48 hr. Incubations with (.2 uM
MTX (data not shown) did not show any increase of
AICAR in comparison with untreated cells, sug-
gesting a complete inhibition. The results of glycine
incorporation into purine metabolites (Table 1) indi-
cate a complete inhibition of purine de novo synthesis
at 24 and 48 hr after incubation with 0.2 uM MTX,
whereas treatment with 0.02 ¢M MTX did not result
in a significant inhibition.

Effects of MTX on intracellular incorporation of

8-1C] hypoxanthine and [8-**C) 6-mercaptopurine
Yp P

Figures 5a and 5b represent the incorporation for
20 min of 100 uM hypoxanthine at various points of
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Table 1. Incorporation of {U-"C] glycine™ in MOLT-4 cells
exposed to MTX

MTX Duration of exposure

(M) 24 hr 18 hr

0] 204 = 38 (1) 231 = 137 (h
0.02 189 = 100 (8) 219 =71 (4)
0.2 0 (4 0

“ In pmol/hr/10" viable cells = SD.
Numbers in parentheses: number of experiments.

time after incubation with 0.2 yM and 0.02 uM MTX,
respectively.

Figures Sc and 5d represent the same data after
incorporation of 10 uM hypoxanthine.

Similar curves were observed as compared to those
of intracellular PRPP levels (Fig. 3).

Incorporation (for 20 min) with [8-*C] 6-mer-
captopurine in a concentration of 100 uM or 10 uM
at various points of time after incubation with MTX
is demonstrated in Figs. 6a—6d. Again similar curves
were observed as compared to Figs. 3 and 5.

DISCUSSION

Methotrexate is known to inhibit dihydrofolate
reductase (DHFR). The consequences of inhibition
of DHFR include accumulation of dihydrofolates
and corresponding depletion of tetrahydrofolates.
The results are an inhibition of thymidylate syn-
thetase in pyrimidine biosynthesis and inhibition of
tetrahyvdrofolate dependent enzymes in purine de
novo synthesis with concomitant increase of intra-
cellular PRPP levels [4, 16]. Figure 3 demonstrates
the correlation between the period of time after
which PRPP levels are maximal in MOLT-4 T-
lymphoblasts and the concentrations of MTX used.
We found that 0.002 yM MTX did not result in anv
increase of PRPP in a time period of 48 hr (data not
shown), 0.02 uM MTX resulted in a peak of PRPP
at 20-28 hr, 0.1 uM MTX in a peak after 18 hr (data
not shown) and 0.2 uM MTX in a peak & hr after
incubation with MTX. Thus, higher concentrations
of MTX resulted in earlicr peak levels of intracellular
PRPP. The correlation between the concentration
of MTX and the moment of maximal PRPP increase
seems of importance in combination chemotherapy
consisting of MTX and those antimetabolites which
use PRPP as a cofactor for their phosphorvlation and
which are ultimately incorporated into RNA and
DNA.

We could demonstrate the importance of glu-
tamine as an essential nutrient in cells with an active
purine de novo synthesis as mentioned by others
[36. 37]. When we omitted glutamine addition every
24 hr. glutamine exhaustion of the medium resulted
in an inhibition of purine de novo svnthesis with
concomitant increase of PRPP. cspecially n
untreated MOLT-4 cells. because glutamine is
cosubstrate of amidophosphoribosyltransferase (Fig.
1). The high capacity of purine de novo synthesis in
MOLT-4 cells is reflected in the high PRPP levels in
untreated cells: 0.100 = 0,045 nmol/ 10" viable cells
(mean = SD. 12 experiments). This is in contrast
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Fig. 5. Effects of MTX on intracellular incorporation of [8-"C] hypoxanthine in MOLT-4 cells. Cells
were exposed at =0 to MTX. At each point of time indicated. 0.5ml of the cell suspension was
incubated during 20 min with [8-"*C] hypoxanthine and intracellular incorporation was determined as
described in Materials and Methods. Results were expressed as nmol/10° viable cells/20 min; (a) 0.2 uM
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hypoxanthine; (d) 0.02 uM MTX, 10 uM hypoxanthine. See further legend for Fig. 3.

with the low PRPP levels in normal, nonstimulated
peripheral blood lymphocytes: 0.008 nmoi/10° cells
[38]. We could not demonstrate a significant increase
of PRPP in normal peripheral blood lymphocytes
after incubation with 0.02 and 0.2 yM MTX over a

4C — 6MP (nmol /10%cells)

time period of 48 hr (data not shown) and we could
not demonstrate cytotoxicity. These data suggest
that leukemic lymphoblasts are more susceptible to
the biochemical disturbances of purine de novo syn-
thesis after treatment with MTX in comparison with
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Fig. 6. Effects of MTX on intracellular incorporation of [8-*C] 6-mercaptopurine in MOLT-4 cells: (a)
0.2 uM MTX, 100 uM 6MP; (b) 0.02 uM MTX, 100 uM 6MP;, (c) 0.2 uM MTX, 10 uM 6MP; (d) 0.02 uM
MTX, 10 uM 6MP. See further legends for Figs. 5 and 3.
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normal peripheral blood lymphocytes and also in
comparison with normal bone marrow cells which
did not show an active purine de novo synthesis as
well [23].

The two enzvmes. involved in inhibition of purine
de novo synthesis by MTX. are glycinamide ribo-
nucleotide (GAR) formyltransferase and amino-
imidazolecarboxamide ribonucleotide (AICAR) for-
myltransferase (Fig. 1). The slow increase of PRPP
and AICAR (Figs. 3 and 4) with maxima at 20-28 hr
after incubation with 0.02 uM MTX demonstrates
that at this concentration of MTX GAR-formyl-
transferase is only partially inhibited and that the
inhibition of AICAR-formyltransferase is more pro-
nounced. However, even the latter enzyme might
also be partially inhibited. After 48 hr AICAR levels
recovered, suggesting a recovery from the partial
inhibition of purine de novo synthesis. The fact that
we did not find a significant inhibition of glycine
incorporation after 24 hr (Table 1) may be due to
the excess of glycine under the experimental con-
ditions in the assay.

Incubation with 0.2 uM MTX did not increase
AICAR levels, which suggests a complete inhibition
of GAR-formyltransferase with higher concen-
trations of MTX. This was confirmed by glycine
incorporation experiments (Table 1) and by the
changes in intracellular ribonucleotide pools [39].
The decline of PRPP levels in time is due to reutil-
ization of nucleotide precursors. This will be
explained in more detail in the accompanying paper
[39].

The increased availability of PRPP due to MTX
pretreatment can be used for increased conversion
and incorporation of natural purine and pyrimidine
bases. This was confirmed in our incorporation stud-
ies with [8-14C] hypoxanthine. The amounts of incor-
porated hypoxanthine are directly correlated with
PRPP levels at each point of time after incubation
with MTX (Figs. 5 and 3). The results of incor-
poration with 10 uM hypoxanthine are especially
important, because the initial concentration of hypo-
xanthine in the medium was 3-5 uM (see below).
These data support the findings of others, that nat-
ural purine and pyrimidine bases can be used in order
to rescue a prolonged purineless and thymidylateless
state after treatment with MTX [6, 16, 40-45].

Figure 6 demonstrates that the increased avail-
ability of PRPP due to pretreatment of MTX can
also be used for enhanced incorporation of 6-mer-
captopurine. Again, the curves are similar to those
of intracellular PRPP levels (Fig. 3) and those of
incorporation of hypoxanthine (Fig. 5) and emphas-
ize the correlation between the concentration of
MTX and the moment of maximal 6MP
incorporation.

The amount of 6MP incorporated in untreated
cells is approximately 2-3 times lower than the
amount of hypoxanthine incorporated. This can be
explained by the fact that hypoxanthine can be incor-
porated into nucleic acids in the form of both adenine
and guanine (deoxy)ribonucleotides with a prefer-
ence for adenine [31]. 6MP, however, can only be
incorporated as thioguanine (deoxy)ribonucleotides.
The results of incorporation with 10 uM 6MP indicate
that this concentration is also able to show an
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increased incorporation, i.e. conversion by HGPRT,
whereas the initial concentration of hypoxanthine in
the medium is 3-5 uM. Hypoxanthine is the physio-
logic substrate for HGPRT and is competitive with
6MP for this enzyme. However, it should be men-
tioned that treatment with MTX causes depletion of
purine metabolites and that the increase of PRPP
will be utilized first for conversion of hypoxanthine,
present in the medium, before 6MP is added. We
could demonstrate a decrease of the initial con-
centration of hypoxanthine in the medium of 3—-5 uM
to 0.1-0.2 uM after 24 and 48 hr (data not shown).
Nevertheless, after consumption of PRPP by hypo-
xanthine in the medium there was still a significant
increase of PRPP levels (Fig. 3), which now became
available for conversion of 6MP by HGPRT. These
phenomena are of special importance in the in vivo
situation, where the concentration of hypoxanthine
is variable [46]. These phenomena indicate that the
concentration of 6MP must exceed the actual con-
centration of hypoxanthine in order to obtain a
significant intracellular incorporation of 6MP. Our
results indicate that pretreatment with MTX lowers
the hypoxanthine concentration of the medium. So.
pretreatment of MTX potentiates also the conversion
of 6MP by lowering its competitive substrate for
HGPRT. Although we found hypoxanthine levels in
bone marrow samples of 4.8 + 2.1 uM (mean = SD,
N = 11), which are similar to those of our experi-
mental conditions, this phenomenon has to be pro-
ven for the in vivo situation.

The data presented in this study demonstrate that
a synergistic action of the combination of MTX and
6MP can be anticipated depending on the con-
centration of MTX and on the time and sequence of
administration of both drugs. At present, we inves-
tigate the sequence-, time- and dose-dependent
effects of various combinations of MTX and 6MP in
several human malignant lymphoblastic cell lines
with respect to purine de novo synthesis, availability
of PRPP and cytotoxicity (soft agar colony forming
activity).

The synergistic action of MTX and other purine

.and pyrimidine base analogues administered after

MTX has been demonstrated in many in vitro
studies: MTX and 5FU [1, 2.4, 6] and MTX and
6TG [9]. Under the experimental conditions used.,
these studies also revealed that the analogues pret-
erentially incorporate into RNA, whereas DNA syn-
thesis is inhibited by MTX. However, the differences
in time of maximal PRPP levels and maximal incor-
poration of the analogues in relation to various con-
centrations of MTX have not been referred. Studies
are in progress in our laboratory investigating the
incorporation of 6MP with and without pretreatment
of MTX into newly formed DNA and RNA, by
means of double-labeling techniques with *C-6MP
and *P.

MTX and 6MP are common drugs in the main-
tenance therapy of children with ALL. Both drugs
are administered orally. The bioavailability of MTX
after oral administration differs from patient to
patient [33-35,47]. However, the serum concen-
trations of MTX range around levels which have
been used in our studies. The bioavailability of 6MP
after oral administration 1s extremely limited and
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variable [48-51]. Moreover, because of the complex
metabolism of 6MP an evaluation of the phar-
macokinetics and bioavailability of 6MP will be very
difficult.

Nevertheless, further pharmacokinetic studies in
children with ALL and in vitro experiments in lym-
phobilastic cell lines on the combination of MTX and
6MP are necessary in order to elucidate whether the
present oral administration of MTX and 6MP in the
maintenance therapy of ALL is sufficient to take an
optimal advantage of the possible synergism of both
drugs as presented in this study.
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