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ABSTRACT
The antiproliferative effects of the ornithine decarboxylase inhibitor
a-difluoromethylornithine
(DFMO) are limited by the inability of the
compound to deplete completely cellular pol yam ine pools. S'-Deoxy-S'methylthioadenosine (MeSAdo), the purine end product of the polyamine
biosynthetic pathway, is an inhibitor of speratine and spermidine synthe
sis. Furthermore, a substantial number of human tumors are deficient in
MeSAdo phosphorylase,
and cannot degrade MeSAdo. It therefore
seemed possible that DFMO and MeSAdo could interact synergistically
to inhibit polyamine synthesis in MeSAdo phosphorylase-deficient
ma
lignant cells. To test this hypothesis, we have analyzed the effects of
DFMO, in combination with MeSAdo, on polyamine synthesis and
growth in a MeSAdo phosphorylase-deficient
murine lymphoma cell line
(Rl.l-H), and a MeSAdo resistant mutant (Kl.1-1I3). Cultivation of the
R1.1-H3 cells in medium containing 250 MMDFMO and 500 MMMeSAdo
caused profound depletion of putrescine, spermidine, and speratine, and
the accumulation of both decarboxylated 5-adenosylmethionine
and its
acetylated derivative to levels that exceeded by nearly 3-fold the total
cellular content of S-adenosylmethionine.
Similarly, DFMO sensitized
the lymphoma cells to the growth inhibitory effects of MeSAdo. Supple
mentation of the medium with putrescine, spermidine. or spermine par
tially protected Rl.1-113 cells from the DFMO-MeSAdo
drug combina
tion. It is conceivable that MeSAdo, or related nucleosides, may poten
tiate the cytostatic effects of DFMO toward MeSAdo phosphorylasedeficient tumors.

INTRODUCTION
The polyamine biosynthetic pathway represents a potential
target for the development of cancer chemotherapeutic agents.
All mammalian cells probably require polyamines for optimal
growth. The onset of cellular proliferation is preceded by an
increase in the activities of ornithine decarboxylase and AdoMet decarboxylase, the rate-limiting enzymes in polyamine
synthesis. Compared to quiescent cells, rapidly growing tumors
have elevated polyamine pools (1-3).
DFMO4 is a potent enzyme-activated, irreversible inhibitor
of ornithine decarboxylase (4). However, its ability to deplete
cellular polyamine pools is limited (5-10). Exposure of cells to
DFMO induces an increase in AdoMet decarboxylase activity,
with a resultant accumulation of decarboxylated AdoMet (3,
9). In the presence of even small amounts of putrescine, the
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elevated decarboxylated AdoMet enables cells to synthesize
enough polyamines to support growth. Recently, attempts have
been made to augment to cytostatic activity of DFMO, by using
it together with agents that affect the metabolism of spermidine
or spermine (9-11).
MeSAdo is produced stoichiometrically during polyamine
synthesis. MeSAdo is a potent endogenous inhibitor of sperm
ine synthase, and can inhibit spermidine synthase as well (12,
13). Many tumor cell lines, and some leukemic cell populations
taken directly from patients, are deficient in MeSAdo phospho
rylase activity, and cannot metabolize MeSAdo (13-18). Cul
tivation of the enzyme-deficient tumor cells in MeSAdo-supplemented medium blocks spermine formation, but triggers a
compensatory rise in ornithine decarboxylase and AdoMet
decarboxylase (14, 18). Consequently, MeSAdo treatment is
unable to completely deplete polyamine pools.
Considering the independent inhibitory effects of MeSAdo
and DFMO on the polyamine biosynthetic pathway, it seemed
possible that the two agents might act synergistically to block
polyamine formation. In the present experiments, we have
analyzed the effects of MeSAdo in combination with DFMO
on polyamine synthesis in murine lymphoma cells that are
either sensitive or resistant to the antiproliferative effects of
exogenous MeSAdo. DFMO and MeSAdo synergized to cause
profound polyamine depletion and growth inhibition. In lym
phoma cells exposed to the DFMO plus MeSAdo combination,
the acetylated derivative of decarboxylated AdoMet also accu
mulated to levels that exceeded by nearly 3-fold the entire
cellular AdoMet content.
MATERIALS AND METHODS
Cell Lines. The Rl.l-H murine T-lymphoma cell line is deficient in
MeSAdo phosphorylase (17, 18). A secondary mutant, deficient in
MeSAdo phosphorylase and resistant to MeSAdo (designated Rl.lHS), was selected and characterized as described previously (18). An
other MeSAdo resistant clone, R1. MO, was selected at the same time
as Rl.l-HS. Both mutants were able to grow indefinitely in medium
containing 500 MMMeSAdo. The Rl.1-113 mutant had a more stable
phenotype than R 1.1-115 and was used for the present experiments
(19). Unless otherwise stated, all cell lines were cultured in RPMI1640
medium supplemented with 10% heat-inactivated horse serum, 100 U/
ml penicillin, 100 Mg/ml streptomycin, 2 mM L-glutamine and 100 MM
nonessential amino acids (complete medium; MA Bioproducts, Walk
ersville, MD) in a humidified atmosphere of 5% CO2 in air. The heatinactivated horse serum lacked detectable MeSAdo phosphorylase or
polyamine oxidase activities (17). The population doubling time of the
lymphoma cell lines was approximately 12-16 h (18, 19).
To determine the effects of MeSAdo and DFMO on growth, the
lymphoma cells were suspended at a density of 1 x 10s cells/ml in
complete medium, supplemented with MeSAdo, DFMO, or polyamines
at the indicated concentrations. After 3 days culture, live cells were
enumerated microscopically after the addition of 0.15% erythrosin B.
Measurement of Polyamines, AdoMet and Its Derivatives. Rl.1-113
cells were incubated with various concentrations of DFMO and Me-
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SAdiÂ»in medium containing 10% dialyzed, heat-inactivated horse
serum. At intervals thereafter, aliquots containing 1 x IO6 cells were
collected by centrifugation (400 x g, 5 min, 4Â°C),and were washed
with ice-cold phosphate-buffered saline. Polyamines, AdoMet and its
derivatives were extracted from cells with 0.4 N perchloric acid, followed
by neutralization, as described previously (18). Putrescine and polyamine concentrations were measured fluorometrically using o-phthalaldehyde, after separation by reversed-phase ion-pair HPLC (20).
AdoMet and its derivatives were also quantitated after separation by
reversed phase ion-pair HPLC (21). Since authentic acetylated decarboxylated AdoMet was not available, the concentration of the com
pound was estimated utilizing the standard absorbance curve for
AdoMet as described by Pegg et al. (22).
Isotope Incorporation Studies. The incorporation of [3H]ornithine

scribed above, and the radioactivity in each fraction was measured by
liquid scintillation spectrometry.
To label the acetylated derivative of decarboxylated AdoMet, R 1.1H3 cells were incubated for 16 h with either 5 Â¿iCi/mlof [2(n)-3H]methionine (s. a., 47 Ci/mmol; Amersham, Arlington Heights, IL) or
with 12.5 itCi/ml of [3H]acetate (s. a., 6 Ci/mmol; ICN, Irvine, CA), in
medium supplemented with 500 /*MMeSAdo. Methionine-free RPMI
1640 medium was used when the lymphoma cells were labeled with
[3H]methionine. DFMO (250 n\i) was included in the medium during
incubation with [3H]acetate to prevent labeling of polyamines by the
products of [3H]acetate metabolism via the tricarboxylic acid and urea

into putrescine and polyamines was measured as previously described
(18). Briefly, cells were incubated with 3 ud/m\ of L-[3H]ornithine (s.

RESULTS AND DISCUSSION

a., 50 Ci/mmol; ICN, Irvine, CA) for the indicated time periods.
Perchloric acid-extracted samples were fractionated by HPLC as de

Exogenous MeSAdo at concentrations between 1 and 100
fiM progressively inhibited the growth of the Rl.l-H lymphoma
cells (17, 18). Approximately 5 fiM MeSAdo blocked their
proliferation by 50% (Fig. 1). MeSAdo had much less effect on
the proliferation of the R1.1-H3 mutant. The R1.1-H3 lym
phoma cells were not defective in MeSAdo transport, since the
nucleoside inhibited spermine biosynthesis and induced the
accumulation of decarboxylated AdoMet. 250 Â¿IMDFMO
caused only 20% inhibition of R1.1-H3 cell proliferation during
3 days culture. However, when R1.1-H3 cells were incubated
with 100 JUMor 250 pM DFMO, they became much more
sensitive to MeSAdo toxicity (Fig. 1). In medium containing
250 /tM DFMO, 10-15 /iM MeSAdo blocked R1.1-H3 growth
by 50%. In medium with 100 fi\i DFMO, 50 //M MeSAdo had
a similar inhibitory effect. Supplementation of the medium with
putrescine or polyamines partially protected R1.1-H3 cells from
the cytostatic effect of the DFMO-MeSAdo drug combination
(Fig. 2). These data suggest (a) that MeSAdo and DFMO acted
synergistically to inhibit cell growth and (/>)that the ant Â¡prolif
Ã©rai
ive effects of the drug combination were related to depletion
of polyamines.
Consistent with experiments in other systems (5, 9, 10),
exposure of MeSAdo phosphorylase-deficient Rl.l-H 3 cells to
DFMO caused putrescine and spermidine pools to decline, but
had little effect on spermine content (Table 1). However, when
250 pM DFMO was included with 500 MMMeSAdo, the pu
trescine and spermine pools were depleted by more than 90%,
and the spermidine pool by 70%. Thus, the DFMO-MeSAdo
combination led to nearly total depletion of intracellular poly
amines.
[3H]Ornithine incorporation into polyamines was examined
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Fig. 1. Effect of DFMO on the growth inhibitory effect of MeSAdo. Rl.l-H
cells (open symbols) and R1.1-H3 cells (closed symbols), each at an initial density
of 10* cells/ml, were cultured with 100 MMDFMO (Ã“,â€¢),250 MMDFMO (A,
A) or without DFMO (O, â€¢)in the indicated concentrations of MeSAdo. After
72 h. viable cells were enumerated, and compared to control cultures that lacked
both MeSAdo and DFMO. The final density in control cultures was 1.8 x 10*
cells/ml. The percentage of control growth after exposure to 100 or 250 UM
DFMO was 92 or 86% for Rl.l-H, and 94 or 80% for R1.1-H3.
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Fig. 2. Prevention of the growth inhibitory effect of MeSAdo plus DFMO by
exogenous polyamines. Rl.l-H cells (open symbols) and R1.1-H3 cells (closed
symbols) were cultured with 100 MM MeSAdo and 250 MMDFMO in medium
supplemented with the indicated concentrations of putrescine (O, â€¢),spermidine
(II. â€¢)or spermine (A, A). After 72 h, viable cell numbers in the polyamine,
MeSAdo, and DI Ml > treated cultures were compared to control cultures that
lacked both MeSAdo and DFMO.

cycles.

to show that the depletion of polyamine pools was related to a
decreased synthetic rate. Previously, we reported that exoge
nous MeSAdo blocked for only 3-6 h the incorporation of [3H]ornithine into spermine in Rl.l-H cells (18). The reinitiation

Table 1 Putrescine and polyamine levels in R 1.1-Hi lymphoma cells exposed to MeSAdo plus DFMO"
K1 I 113lymphoma cells were cultured for 48 or 72 h at an initial cell density of 10s per ml in medium containing 10% dialyzed heat-inactivated horse serum and
the indicated concentrations of MeSAdo, with or without 250 MMDFMO. Intracellular putrescine and polyamines were determined after derivatization with ophthalaldehyde, described in "Materials and Methods."
PutrescineTreatment48

h
None
MeSAdo (100 MM)
MM)72
MeSAdo (500

Â±0.15
2.93 Â±0.21
0.480.51
4.41 Â±

<0.10
<0.10<0.10

Â±0.24
2.85 Â±0.66
Â±0.172.09
2.24

Â±0.10
0.75 Â±0.04
Â±0.140.16
0.77

Â±0.11
0.44 Â±0.12
0.070.65
0.34 Â±

Â±0.12
0.35 Â±0.07
<0.100.61

h
None
Â±0.33
Â±0.26
Â±0.15
Â±0.08
Â±0.35
MeSAdo (100 MM)
<0.10
1.88 Â±0.84
2.40 Â±0.24
0.77 Â±0.12
0.40 Â±0.07
0.61 Â±0.27
MeSAdo (500 MM)None0.603.49 Â±0.46DFMO<0.10<0.10SpermidineNone2.71
1.98 Â±0.24DFMO0.350.63 Â±0.12SpermineNone0.68
0.30 Â±0.04DFMO0.69 <0.10
*Results expressed as nmnl/10* viable cells Â±SD (average of 3-6 different estimations).
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of spermine synthesis was related to an increase in decarboxylated AdoMet levels (18). The same phenomenon was observed
in the MeSAdo-resistant R1.1-H3 cells, when cultured with
exogenous MeSAdo alone (Fig. 3). However, addition of
DFMO together with MeSAdo totally prevented the resump
tion of spermine synthesis (Fig. 3). Indeed the combination of
MeSAdo and DFMO, at cytostatic concentrations, inhibited
the synthesis of all polyamines.
Decarboxylated AdoMet accumulated in the MeSAdotreated lymphoma cells, in association with an induction of
AdoMet decarboxylase activity (18), and a drop in AdoMet
utilization for polyamine synthesis (14). Recently, Pegg and
coworkers showed that the acetylated derivative of decarboxylated AdoMet was formed following treatment of SV-3T3 cells
with DFMO (22). Fractionation by HPLC of extracts prepared
from the MeSAdo treated lymphoma cells revealed a major
new UV absorbance peak, with a relative mobility similar to
that reported for acetylated decarboxylated AdoMet (Fig. 4).
Both decarboxylated AdoMet and the new peak were radiolabeled following incubation of R1.1-H3 lymphoma cells with
[2(/i)-3H]methionine in MeSAdo-supplemented
medium. In
contrast, when the lymphoma cells were exposed to [3H]acetate,
in the presence of MeSAdo and DFMO, radioactivity was
incorporated mainly into the new peak (Fig. 4). Time-course
studies showed that the increase in decarboxylated AdoMet
levels occurred within 3 h, and preceded the formation of the
new metabolite (Fig. 5). Collectively, these results suggest that
the unidentified compound that accumulated following MeSAdo-DFMO
treatment
was acetylated
decarboxylated
AdoMet.
Exposure of the R1.1-H3 lymphoma cells to the combination
of MeSAdo plus DFMO engendered a massive increase in
decarboxylated AdoMet and its acetylated metabolite to 140
pmol/106 cells each (Fig. 5). In lymphoma cells incubated with
the DFMO-MeSAdo drug combination, the approximate cel
lular content of acetylated decarboxylated AdoMet was almost
3-fold greater than the AdoMet pool (50 pmol/106 cells). It is

Elution TinÂ» (min)

Fig. 4. Identification of acetylated decarboxylated AdoMet. R1.1-H3 cells
were labeled with [2(n)-3H]methionine (middle) or [3H]acetate (bottom) in medium
supplemented with 500 *iMMeSAdo for 16 h. l mM DFMO was included during
incubation with [3H]acetate to prevent the labeling of polyamines by the products
of ['HJacctate metabolism. Acid-extractable radioactivity was fractionated by
reversed-phase ion-pair HPLC and was compared with the elution profiles of UV
absorbance (254 nm, solid line) and fluorescence intensity (broken line) shown at
top. The peaks are 1, 5-adenosylhomocysteine; 2, 5-adenosylmethionine; 3, acet
ylated decarboxylated 5-adenosylmethionine; 4, methylthioadenosine; 5, decar
boxylated .V-adcniisylmcthionine; a, putrescine; b, spermidine; c, spermine.

certainly possible that the marked elevation in acetylated de
carboxylated AdoMet contributed to the enhanced toxicity to
ward the lymphoma cells of the DFMO-MeSAdo drag combi
nation. The experiments of Pegg et al. suggested that histone
acetylase was a principle enzyme catalyzing the formation of
acetylated decarboxylated AdoMet, and that high concentra

I
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Fig. 5. Accumulation of decarboxylated AdoMet and acetylated decarboxyl
ated AdoMet by MeSAdo and DFMO. R 1.1-113 cells were cultured with 250 Â¡MI
DFMO (A, A), 500 ILMMeSAdo (D, â€¢).or 250 MMDFMO plus 500 MMMeSAdo
(O, â€¢).Decarboxylated AdoMet (closed symbols) and acetylated decarboxylated
AdoMet (open symbols) were measured at the indicated times. In the control
cultures without MeSAdo and DFMO, neither decarboxylated AdoMet nor
acetylated decarboxylated AdoMet were detected.

40

tions of decarboxylated AdoMet impaired histone acetylation
(22, 23). Histone acetylation is thought to be important in the
maintenance of chromatin structure (24-26). Polyamine dep
rivation has been reported to cause chromosomal aberrations
16
3
(27, 28). In cells depleted of polyamines, changes in histone
Time (hr)
acetylation patterns might have an enhanced effect on cell
Fig. 3. Inhibition of polyamine synthesis by MeSAdo plus DFMO. RI. MU
cells (S x IO5 cells/ml) were incubated with ['H]ornithinc (3 pCi/ml) to label
growth regulation.
polyamine pools. In some cases, 500 pM MeSAdo (open symbols) or 500 /I.M
In addition to MeSAdo, several 5'-modified derivatives of
MeSAdo plus 1 ITIMDFMO (closed symbols) were included in the culture medium.
adenosine
recently have been shown to inhibit spermine synAt the indicated time points, the radioactive counts incorporated into pulrescinc
(O, â€¢),spermidine (LI â€¢)and spermine (A, A) were compared to control samples
thase in vitro (29). However, the most potent of the enzyme
which lacked MeSAdo or DFMO. In control cultures incubated for 16 h with
inhibitors, 5-methyl-MeSAdo, did not cause sustained spermine
[3H]omithine, the incorporated counts were: putrescine 37,182 cprn, spermidine
76,740 cpm and spermine 4,898 cpm per 5 X 10" cells.
depletion in intact cells, even in medium supplemented with
1773
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DFMO (9, 29). Perhaps the greater efficacy (on a per cell basis)
of MeSAdo is attributable to better cellular penetration, and to
more profound impairment of spermine formation.
The practical utility of the MeSAdo-DFMO drug combina
tion for the chemotherapy of MeSAdo phosphorylase-deficient
neoplasms may be limited by the other potentially toxic effects
of the thioether nucleoside (13, 19, 30). For instance, recent
experiments indicate that MeSAdo may inhibit AdoMet-dependent aminocarboxypropyl transfer reactions that are in
volved in the posttranslational modification of elongation factor
2 (19), and perhaps of transfer RNA (30). Circumstantial
evidence suggests that MeSAdo may interact with adenosine
receptors on the plasma membrane (31). However, it is note
worthy that the amount of DFMO required to deplete polyamine pools in MeSAdo-supplemented medium was much lower
than the concentrations that had been used in previous inves
tigations (5, 9,10). This finding encourages the search for other
adenosine analogues that are potent and specific inhibitors of
spermine and spermidine synthesis.

REFERENCES
1. Tabor, C. W., and Tabor, H. Polyamines. Annu. Rev. Biochem., 53: 749790. 1984.
2. Jarme, J., PosÃ²,H., and Raina, A. Polyamines in rapid growth and cancer.
Biochim. Biophys. Acta, 473: 241-293, 1978.
3. Pegg, A. E., and McCann, P. P. Polyamine metabolism and function. Am.
J. Physiol., 243: C212-C221, 1982.
4. Metcalf, B. W., Bey, P., Dan/in. C., Jung, M. J., Casara, P., and Vevert, J.
P. Catalytic irreversible inhibition of mammalian ornithine decarboxylase
(EC 4.1.1.17) by substrate and product analogues. J. Am. Chem. Soc., 700:
2551-2553,1978.
5. Mamont, P. S., Duchesne, M-C, Grove, J., and Bey, P. Anti-proliferative
properties of DL-a-difluoromethylornithine in cultured cells. A consequence
of the irreversible inhibition of ornithine decarboxylase. Biochem. Biophys.
Res. Commun., 81: 58-66, 1978.
6. Sjoerdsma, A., and Schlechter, P. J. Chemotherapeutic implications of polyamine biosynthesis inhibition. Clin. Pharmacol. Ther., 35: 287-300, 1984.
7. Erwin, B. G., and Pegg, A.E. Uptake of a-difluoromethylornithine by mouse
fibroblasts. Biochem. Pharmacol., 31: 2820-2823, 1982.
8. Pera, P. J., Kramer, D. L., Sufrin, J. R., and Porter, C. W. Comparison of
biological effects of four irreversible inhibitors of omithine decarboxylase in
two murine lymphocytic leukemia cell lines. Cancer Res., 46: 1148-1154,
1986.
9. Pegg, A. E., Coward, J. K., Talekar, R. R., and Secrist, J. A., III. Effects of
certain 5'-substituted adenosines on polyamine synthesis: selective inhibitors
of spermine synthase. Biochemistry, 25:4091-4097, 1986.
10. Casero, R. A., Jr., Bergeron, R. J., and Porter, C. W. Treatment with adifluoromethylornithine plus a spermidine analog leads to spermine depletion
and growth inhibition in cultured I.I 210 leukemia cells. J. Cell Physiol., 121:
476-482, 1984.
11. Pegg, A. E., Tang, K-C, and Coward, J. K. Effect of 5-adenosyl-l ,8-diamino-

CAUSES POLYAMINE DEPLETION
3-thiooctane on polyamine metabolism. Biochemistry, 21:5082-5089,1982.
12. Pajula. R-I... and Raina, A. Methylthioadenosine, a potent inhibitor of
spermine synthase from bovine brain. FEBS Lett., 99:343-345, 1979.
13. Williams-Ashman, H. G., Seidenfeld, J., and Galletti, P. Trends in the
biochemical pharmacology of 5'-deoxy-5'-methylthioadenosine.
Biochem.
Pharmacol., JA-277-288, 1982.
14. Kamatani, N., and Carson, D. A. Abnormal regulation of methylthioadenosine and polyamine metabolism in methylthioadenosine phosphorylase-defi
cient human leukemic cell lines. Cancer Res., 40:4178-4182, 1980.
15. Kamatani, N., Nelson-Rees, W. A., and Carson, D. A. Selective killing of
human malignant cells deficient in methylthioadenosine phosphor) lase, a
purine metabolic enzyme. Proc. Nati. Acad. Sci. USA, 78:1219-1223,1981.
16. Kamatani, N., Yu, A. L., and Carson, D. A. Deficiency of methylthioadeno
sine phosphorylase in human leukemic cells in vivo. Blood, 60: 1387-1391,
1982.
17. Kubota. M., Kamatani, N., and Carson, D. A. Biochemical genetic analysis
of the role of methylthioadenosine phosphorylase in a murine lymphoid cell
line. J. Biol. Chem., 25Â«:7288-7291, 1983.
18. Kubota, M., Kajander, E. ().. and Carson, D. A. Independent regulation of
ornithine decarboxylase and 5-adenosylmethionine decarboxylase in meth
ylthioadenosine phosphorylase-deficient malignant murine lymphoblasts.
Cancer Res., 45: 3567-3572, 1985.
19. Yamanaka, H., Kajander, E. O., and Carson, D. A. Modulation of diphthamide synthesis by 5'-deoxy-5'-methylthioadenosine
in murine lymphoma cells.
Biochim. Biophys. Acta, 8SS: 157-162, 1986.
20. Seiler, N., and KnÃ¶dgen,B. High-performance liquid Chromatographie pro
cedure for the simultaneous determination of the natural polyamines and
their monoacetyl derivatives. J. Chromatogr., 221:227-235, 1980.
21. Wagner, J., Danzin, C., and Mamont, P. Reversed-phase ion-pair liquid
Chromatographie procedure for the simultaneous analysis of A'-adenosylmc-

22.
23.
24.
25.
26.
27.
28.

29.
30.

31.

thionine, its metabolites and the natural polyamines. J. Chromatogr., 227:
349-368, 1982.
Pegg, A. E., Wechter, R. S., Clark, R. S., Wiest, L., and Erwin, B. G.
Acetylation of decarboxylated 5-adenosylmethionine by mammalian cells.
Biochemistry, 25: 379-384, 1986.
Pegg, A. E. Recent advances in the biochemistry of polyamines in eukaryotes.
Biochem. J., 234:249-262, 1986.
Perry, M., and Chalkley, R. The effect of histone hyperacetylation on the
nuclease sensitivity and solubility of chromatin. J. Biol. Chem., 256: 33133318, 1981.
Perry, M., and Chalkley, R. Histone acetylation increases the solubility of
chromatin and occurs sequentially over most of the chromatin. J. Biol.
Chem., 257:7336-7347, 1982.
Ausio, J., and van Holde, K. E. Histone hyperacetylation: its effects on
nucleosome conformation and stability. Biochemistry, 25:1421-1428,1986.
1'ohjanpelto. P., and Knuutila. S. Induction of major chromosome abbrevia
tions in Chinese hamster ovary cells by a-difluoromethylomithine. Cancer
Res., 44:4535-4539, 1984.
1'ohjanpelto. P., Molila. E., Janne, O. A., Knuutila, S., and Alitalo, K.
Amplification of omithine decarboxylase gene in response to polyamine
deprivation in Chinese hamster ovary cells. J. Biol. Chem., 260:8532-8537,
1985.
Pegg, A. E., and Coward, J. K. Growth of mammalian cells in the absence
of the accumulation of spermine. Biochem. Biophys. Res. Commun., 133:
82-89, 1985.
Nishimura, S., Taya, N., Kuchino, Y., and Ohashi, Z. Enzymatic synthesis
of 3-(3-amino-3-carboxypropyl) undine in Escherichia coli phenylalanine
transfer RNA: transfer of the 3-amino-3-carboxypropyl group from 5-aden
osylmethionine. Biochem. Biophys. Res. Commun., 57: 702-708, 1974.
Nishida, Y., Suzuki, S., and Miyamoto, T. Pharmacological action of 5'methylthioadenosine on isolated rabbit aorta strips. Blood Vessels, 22: 229233, 1985.

1774

Downloaded from cancerres.aacrjournals.org on February 24, 2021. © 1987 American Association for Cancer
Research.

Synergistic Inhibition of Polyamine Synthesis and Growth by
Difluoromethylornithine plus Methylthioadenosine in
Methylthioadenosine Phosphorylase-deficient Murine
Lymphoma Cells
Hisashi Yamanaka, Masaru Kubota and Dennis A. Carson
Cancer Res 1987;47:1771-1774.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/47/7/1771

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/47/7/1771.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on February 24, 2021. © 1987 American Association for Cancer
Research.

