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ABSTRACT

We have studied the effects of partial polyamine depletion,
induced by treatment with a-difluoromethylomithine (DFMO) on

cell cycle phase distributions in five cultured human carcinoma
cell lines. We used flow cytometry of cells stained with chromo-
mycin-A3 and computer analysis to measure phase distributions
of treated and control cultures. All five lines respond to 1-5 mw

DFMO treatment with a total absence of measurable putrescine,
a loss of >90% of spermidine, and a 30-40% decline in spermine

by 48 h after DFMO addition. The proliferation of all five lines is
inhibited as well. Nonetheless, only four of the cell lines (HuTu-
80, HT-29, MCF-7, and A-427) show a marked increase in the
GÃ¬-phasefraction and decrease in the S-phase fraction as a

consequence of DFMO treatment. Small, but significant, de
creases in the G2-M populations of these cell lines also occurred
after DFMO treatment. Exogenous putrescine (5-50 /IM) re

versed both the polyamine depletion and the perturbed phase
distributions of DFMO-treated cultures but was without effect

on phase distributions of cultures not treated with DFMO. The
fifth cell line (ME-180) showed no effect of polyamine depletion
on cell cycle phase distributions in DFMO-treated cultures and

also no effect of exogenous putrescine on phase fractions of
either control or DFMO-treated cells. These observations indicate

that some human tumor cell lines are dependent upon adequate
intracellular polyamine content for maintenance of cell cycle
traverse. They also imply that human tumor cell lines are heter
ogeneous with regard to their cell cycle response to DFMO-

induced polyamine deficiency.

INTRODUCTION

Incubation of cultured mammalian cells with DFMO,3 a specific

irreversible inhibitor of ODC (1 ), produces a partial depletion of
intracellular polyamine content (2-5; for reviews, see Refs. 6-8).

DFMO treatment also results in an inhibition of cellular prolifera
tion that is first observed when SD content is significantly re-
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duced, and that is reversible upon addition of exogenous polya-

mines. It remains a matter of some controversy, however, if cells
deficient in polyamine content are able to move through all
phases of the cell cycle or are blocked at one or more specific
points (9,10).

Several investigators report that normal rodent cells are unable
to transit from GÃŒinto S after treatment with inhibitors of polya
mine biosynthesis, while transformed and/or tumor cell lines
continue cell cycle traverse under identical treatment conditions
(11-13). When phase distributions were measured by premature

chromosome condensation, it appeared that some transformed
or tumor cells accumulated in S phase in response to inhibitors
of polyamine biosynthesis (12,13). These investigators proposed
that such differences may be exploited to protect normal tissues
from the effects of S-phase-specific cytotoxic agents, thus con

ferring a greater degree of antitumor selectivity to the use of
such drugs. They demonstrated that polyamine antimetabolites
can cause selective protection of normal but not some trans
formed or tumor cells from hydroxyurea (11) or from ara-C (12,

13). However, a recent report has shown that DFMO treatment
also protects 9L rat gliosarcoma cells from ara-C cytotoxicity

(14).
In contrast to the former investigators, we (4) and others (15-

17) observed an apparent inhibition of cell cycle traverse in rodent
tumor cells treated with inhibitors of polyamine biosynthesis. To
investigate further the question of cell cycle progression in pol-
yamine-deficient tumor cells, this laboratory is studying the ef

fects of treatment with DFMO and/or exogenous PU on cell cycle
traverse in a series of five human carcinoma cell lines, from a
variety of tissues, all grown in monolayer culture. In this paper,
we present data showing that four of the five lines respond to
DFMO treatment, with a decline in the S-phase fractions and
corresponding increase in the Ci-phase fractions, and that these

alterations in phase distributions are reversible by addition of
exogenous PU.

MATERIALS AND METHODS

Chemicals. PU dihydrochloride and 1,7-diaminoheptane were ob

tained from Sigma Chemical Co. (St. Louis, MO). SD trihydrochloride,
SP tetrahydrochloride, and chromomycin-Aa were purchased from Cal-
biochem-Behring (La Jolla, CA). DFMO was a generous gift of the Merrell-
Dow Research Institute, Cincinnati, OH. Stock solutions of DFMO (3-
150 mw) and of PU (0.1-10 mw) were prepared in DMEM, adjusted to
pH 7.2-7A, sterilized by membrane filtration (0.2-jim pores), and stored
at -20Â°C. All other chemicals used were of analytical grade and were

obtained from standard commercial sources.
Cell Culture and Drug Treatment. Starter stocks of the cell lines used

here were either obtained from the laboratory of Dr. W. L. Washtein of
this institution (HuTu-80 and HT-29) or were purchased from the Ameri
can Type Culture Collection, Rockville, MD (ME-180, MCF-7, and A-

427). The tissues of origin of these five human carcinoma cell lines are:
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HuTu-80, stomach (18); HT-29, colon (19); ME-180, cervix (20); MCF-7,
breast (21); and A-427, lung (22). Characterization of these cell lines was

described in the references cited above. Cultures were routinely moni
tored and found free of Mycoplasma infection using the Mycotect assay
(BRL, Inc., Gaithersburg, MD). Cell culture and treatment with DFMO
and/or PU were carried out as previously described (5, 23). At the times
indicated below (see "Results"), cells from three replicate cultures at

each treatment condition were harvested by trypsinization and dispersed
into single cell suspensions in fresh DMEM plus 10% fetal bovine serum,
and cell densities were measured with a Coulter Model ZBI cell counter
(Coulter Electronics, Inc., Hialeah, FL).

Polyamine Analysis. Extraction of washed and pelleted cells for
measurement of polyamine content was done as previously described
(5,23). Polyamine concentrations in aliquots (30-75 /tl) of the cell extracts
were determined using a minor modification of the reverse-phase paired-
ion high-pressure liquid chromatography method of Seiler and KnÃ¶dgen

(24).
Flow Cytometry. Cells were fixed in 70% aqueous ethanol and stained

with chromomycin-As as described by Gray and Coffino (25). DNA

histograms of the stained cell suspensions were obtained, within 24 h of
staining, on a Coulter EPICS V flow cytometer. The argon ion laser was
tuned to 457 nm (200 mW), and fluorescence was measured through a
combination of 515-nm interference and long pass filters. Cell cycle

phase distributions were estimated by computer analysis of the DNA
histograms with a program using the broadened polynomial model of
Dean and Jett (26), as modified for the TERAK computer by Wilson ef
al. (27). Each analyzed histogram contained data accumulated from 2.5
x 10* cells. Coefficients of variation for the d peaks of the DNA

histograms were consistently in the 2-5% range.

RESULTS

Chart 1 shows representative DNA histograms obtained with
the HuTu-80 and ME-180 cell lines for untreated controls har

vested 72 h after seeding and for cultures treated with 5 ITIM
DFMO 24 h after seeding and harvested after an additional 48-

h incubation. The histograms show that 48 h in the presence of
5 mM DFMO caused a marked decrease in the S-phase popula
tion and a smaller decline in the G2-M fraction for HuTu-80 cells.

These observations suggested the occurrence of a correspond
ing increase in the Gi-phase fraction. In contrast, no such DFMO-

induced alterations in phase distributions were evident in the
histograms obtained with ME-180 cells. Results obtained with
the HT-29, MCF-7, and A-427 cell lines were similar to those
shown for HuTu-80 (histograms not shown). A previous investi

gation (5) demonstrated that DFMO inhibited the proliferation of
all five cell lines; data obtained in the experiments presented in
this paper confirmed those results (data not shown).

To quantitate the alterations in cell cycle phase distributions
resulting from treatment with DFMO, we estimated phase frac
tions by computer analysis (26, 27). Chart 2 shows the time
course of changes in the d and S populations for MCF-7 and
ME-180 cells over a 6-day growth period in the presence or

absence of 5 HIM DFMO (added 24 h after seeding). With
untreated MCF-7 cells, we observed an initial drop in the Gi-

phase fraction for the first day, followed by a gradual rise to a
plateau at about 85% of the cells in G1 between Days 5 and 6.
The S-phase fraction for these cultures increased during the first

24 h and then gradually declined to <10% in S for the final 2
days. Treatment of MCF-7 cells with DFMO caused a much more

rapid and steep increase in the d population and decrease in
the S population than observed for controls. The largest quanti

tative difference between treated and control phase distributions
was observed on Day 3 (i.e., 48 h after DFMO addition). We also
observed small, but statistically significant, declines in the G2-M
population of DFMO-treated MCF-7 cells, relative to untreated

controls (data not shown). Essentially identical results were
obtained with the HuTu-80, HT-29, and A-427 cell lines (data not

shown). In contrast, no substantial differences were observed in
the phase fractions between DFMO-treated and control ME-180

cells. By the last 2 days of the experiment, the G, fraction was
larger, and the S fraction was smaller, in ME-180 controls than
in ME-180 cultures treated with 5 mw DFMO.

Lower concentrations of DFMO (1 ITIM)can also produce the
altered phase distributions seen with 5 HIMof the ODC inhibitor.
Table 1 lists the fractions of cells in G1( S, and G2-M obtained by

analysis of DNA histograms for human carcinoma cell cultures
treated at 24 h with 0, 0.1,1.0, or 5.0 mw DFMO and harvested
2 days later. With four of the five cell lines, 1 ITIMDFMO produced
only a slightly smaller increase in the Gn compartment and
decrease in the S population than did 5 mw. In addition, small
decreases in the fraction of cells in the G2-M phases were

observed for cultures treated at the two higher concentrations.
The lowest concentration of DFMO (0.1 HIM)did not substantially
alter the phase distributions of HuTu-80 or A-427 cells from

those of untreated controls. This remained true for these two
cell lines even after an additional 1 or 2 days in the presence of
0.1 mw DFMO (data not shown). In contrast, both MCF-7 and
HT-29 cells showed a partial response at the lowest concentra
tion of DFMO after 48 h of treatment. As before, ME-180 cells
did not respond to treatment with DFMO by changing the fraction
of cells in any of the cell cycle compartments.

The effects of 0.1-5.0 ITIMDFMO on intracellular polyamine

content at 48 h after addition are shown in Table 2. PU was
reduced below the detection limit of our HPLC assay in all five
cell lines at all three DFMO concentrations. The two higher doses
also reduced SD content to <10% of control levels by 48 h after
DFMO addition, while 0.1 ITIMDFMO caused only an approximate
50% decline in SD levels. Measurements made at 24 h after
DFMO treatment (data not shown) demonstrated that maximal
SD depletion did not occur until 48 h after treatment even with
the two higher concentrations. Cultures of all five cell lines treated
at the two higher concentrations also showed 30-40% reduc

tions in SP content at 48 h, but they had elevated SP levels at
24 h. PU and SD content values in cultures treated for longer
periods (3-5 days after DFMO addition) were not significantly

different from the values shown in Table 2, but SP levels did
decline a bit more with longer treatment (data not shown). Control
levels of all three polyamines, however, also declined as the
cultures approached the plateau phase of growth.

To verify that the DFMO-induced perturbations of phase dis

tributions were a specific consequence of the ODC inhibition and
polyamine depletion caused by the drug, we carried out experi
ments in which human carcinoma cell cultures were treated with
5 ITIMDFMO in DMEM, or with DMEM alone, 24 h after seeding.
After an additional 2-day incubation, half of each group had 50

fiM exogenous PU in DMEM added to the medium present in the
flask, while the remainder received an equal volume of DMEM
at the same time. Chart 3 shows the time course of changes in
the d- and S-phase fractions of A-427 cell cultures from each

of the four treatment groups. Exogenous PU did not appreciably
change the cell cycle phase distributions of A-427 cells not
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Chart 1. DNA histograms of control and DFMO-treated HuTu-80 and ME-180 cells. Cells were treated at 24 h with DFMO in DMEM (final concentration, 5 mu) or
with DMEM alone, harvested, and fixed in 70% ethanol at 72 h. DNA histograms of 2.5 x 104 chromomydn-Aa-stained cells were obtained by flow cytometry.

treated with DFMO but, within 24 h of its addition, caused a
marked decrease in the G1 fraction and increase in the S fraction
of cultures treated with DFMO. After the initial 24 h in the
presence of PU, the G, population gradually increased and the
S population gradually decreased, at rates resembling those
observed with untreated controls. Essentially identical observa
tions were made for HuTu-80, HT-29, and MCF-7 cells, the three

other cell lines whose phase distributions were perturbed by
DFMO treatment (data not shown). In contrast, exogenous PU
not only caused no change in the phase distributions of control
ME-180 cells, but it also did not produce an increase in the S-
phase fraction (at the expense of the G, fraction) in ME-180

cultures treated for 48 h with 5 mw DFMO (data not shown). For
all five cell lines, the exogenous PU also reversed the partial
polyamine depletion and the inhibition of proliferation caused by
the DFMO (data not shown).

In a previous study (5), we reported that 5 UMexogenous PU
reversed the DFMO-induced inhibition of proliferation observed

for all five cell lines to about the same degree as did 50 Â¿tuPU.
This was noteworthy since the lower concentration of the dia
mine resulted in only temporary and minimal replenishment of
Â¡ntracellularSD levels and had no effect on PU content, while the
higher concentration restored levels of all three polyamines in
DFMO-treated cultures to near those of untreated controls for

at least 72 h after its addition. We therefore compared the ability
of 5 and 50 MM PU to reverse the DFMO-induced cell cycle

perturbations in the four responding cell lines. The results ob

tained 24 h after addition of PU to cultures pretreated for 48 h
with 5 HIM DFMO are listed in Table 3. There was virtually no
difference between the two PU concentrations in their ability to
increase the S-phase and decrease the G,-phase fractions of
DFMO-treated cultures. This remained true for an additional 1-

2 days in the presence of PU (data not shown). HPLC measure
ments of Â¡ntracellularpolyamine contents in these experiments
confirmed the pattern observed in our previous study (data not
shown) (5). At 24 h after PU addition, 5 nÂ» of the diamine
restored SD and SP contents of DFMO-treated cultures, but PU

remained undetectable. By 48 h after addition of 5 UM PU, SD
levels fell once again and did not differ from those of cultures
treated with DFMO alone for the remaining 2 days. SP content,
however, remained near that of untreated controls. The higher
PU concentration (50 UM) restored levels of all three polyamines
to those of untreated cultures for the duration of the experiment.

DISCUSSION

The data presented here clearly demonstate that DFMO treat
ment results in lower S-phase fractions and higher Gi-phase

fractions for four of five human carcinoma cell lines. The facts
that exogenous PU has no effect on phase distributions of either
untreated cultures or of DFMO-treated cultures of ME-180 (the

sole cell line whose phase distributions are not perturbed by
DFMO), but does reverse the effects of DFMO on the phase
fractions of the four other lines, strongly support the hypothesis
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Chart 2. Time course of DFMO-induced alterations in the G,- and S-phase fractions of MCF-7 and ME-180 cell cultures. Cells were treated on Day 1 with DFMO in

DMEM (5 HIM final concentration) (â€¢)or with DMEM alone (â€¢).Triplicate cultures from each group were daily harvested and fixed in 70% ethanol. DMA histograms of
2.5 x 10* chromomycin-As-stained cells were obtained by flow cytometry and analyzed for phase fractions by computer. A and B, MCF-7 cells; C and D, ME-180 cells;
A and C, Gi-phase fractions; B and D, S-phase fractions. Points, mean of three replicates; oars, standard deviation.

that DFMO-induced inhibition of polyamine biosynthesis causes

our observed cell cycle perturbations. Additional support for this
hypothesis comes from the observations that maximal differ
ences between control and treated phase fractions temporally
coincide with maximal SD depletion, and that concentrations of
DFMO that are insufficient to achieve maximal SD depletion (i.e.,
0.1 mu) also do not produce the altered phase distributions.

The question of polyamine function in regulation of cell cycle
traverse has been under investigation for a number of years (4,
7-17, 28). Early studies used cell populations synchronized by
mitotic shake (29-32) or by excess thymidine (33) and correlated

changes in intracellular activities of polyamine biosynthetic en
zymes and/or contents of the polyamines with progression
through the cell cycle phases. Some of these investigators
reported two peaks of ODC activity and polyamine content as
cells progressed through the cycle (29, 30), with the first peak
occurring at or shortly before the onset of S phase and the
second occurring near the G2-M border. The others reported
only single peaks of ODC activity in late Gi-earty S (31-33).

However, these differences may have resulted from the use of

Colcemid to maximize the yield of mitotic cells (31, 32) or the
use of excess thymidine to induce synchrony (33) in the latter
studies. Nonetheless, these investigators agreed that regulation
of polyamine content and biosynthetic activity during cell cycle
progression implied an important functional role for polyamines
in enabling cells to traverse the cell cycle phases.

With the advent of specific inhibitors of polyamine biosyn
thesis, it became possible to partially deplete cells of their
polyamine content and investigate the consequences of such
treatment on cell cycle phase distributions and rates of cell cycle
traverse (7, 9, 10, 28). A number of studies used either the S-
adenosyl-L-methionine decarboxylase inhibitor methylglyoxal
bis(guanylhydrazone) (11, 15, 16, 34-36) or competitive inhibi
tors of ODC, such as a-hydrazinoornithine (35) or a-methylomi-

thine (16,17,37), to achieve partial polyamine depletion. In some
instances, accumulation of cells in G, occurred as a consequence
of polyamine depletion (11, 15, 33, 36) while in others the cells
accumulated in S and/or G2 (16). Some of the studies with a-

methylornithine did not see an accumulation of cells in any one
phase (37) but did report a lengthening of the d- and S-phase
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Table 1

Altered cell cycle phase distributions of human carcinoma cell cultures caused by
a 48-h treatment with DFMO

DFMO at the indicated final concentrations was added to cultures 24 h after
seeding 5 x IO5-! x 10* cells/75-cm2 flask. Phase distributions were estimated

by computer analysis of DMA histograms obtained by flow cytometry of cells fixed
in 70% ethanol and stained with chromomycin-Aa.

CelllineHuTu-80HT-29ME-180MCF-7A-427DFMO(rriM)00.11.05.000.11.05.005.000.11.05.000.11.05.0%
ofcellsin

G,33.5
+1.8"34.7

Â±1.158.9
Â±2.564.9
Â±3.346.3

Â±2.870.6
Â±7.575.8
Â±2.978.1
Â±3.144.7

Â±1.948.4
Â±0.248.5

Â±0.856.1
Â±1.772.9

Â±1.777.3
Â±4.836.4

Â±0.638.1
Â±1.353.0

Â±0.470.1
Â±4.5%

of cells
inS44.1

Â±0.744.1
Â±1.325.2
Â±1.421

.8Â±3.636.6

Â±3.216.2
Â±6.010.8
Â±1.99.4

Â±3.936.4+1.537.0

Â±1.234.9

Â±1.331
.3Â±0.416.9

Â±0.512.9
Â±3.746.6

Â±1.047.4
Â±1.434.2

Â±1.522.8
Â±2.4%

of cells
inGz-M22.4

Â±1.121.1
Â±0.615.9

+1.213.3
+0.817.2

Â±0.913.2
Â±1.513.4
Â±1.712.4

Â±2.518.9

Â±1.114.6+1.316.6

Â±1.412.6
Â±1.310.2+1.69.9

Â±2.217.0

Â±0.414.6
+0.912.7

Â±1.57.1
Â±2.1

" MeanÂ±standard deviationof results obtained independentlyfor three replicate

cultures.

Table 2

Polyamine depletion resulting from DFMO treatment of human carcinoma cell
cultures for 48 h

DFMO was added to cultures at the indicated final concentrations 24 h after
seeding 5 x 10*-1 x 10* cells/75-cm2 flask. Polyamine concentrations in extracts

of the harvested and washed cells were measured by HPLC, as described (24).

CelllineHuTu-80HT-29ME-180MCF-7A-427DFMO(mw)00.11.05.000.11.05.005.000.11.05.000.11.05.0PU0.1
9Â±0.02"<0.03<0.03<0.030.48

Â±0.08<0.02<0.02<0.020.27

Â±0.02<0.010.99

Â±0.09<0.02<0.02<0.021.24

Â±0.01<0.02<0.02<0.02nmol/106

cellsSD1.32

Â±0.190.72
Â±0.040.28
Â±0.040.31
Â±0.092.31

Â±0.33<0.02<0.02<0.022.77

Â±0.220.17
Â±0.012.95

Â±0.200.51
Â±0.100.1

3Â±0.020.1
5Â±0.042.53

Â±0.160.45
Â±0.010.21
Â±0.010.20
Â±0.01SP1.51

Â±0.232.56
Â±0.170.98

Â±0.111.02
Â±0.211.65

Â±0.210.77
Â±0.120.42
Â±0.260.60

Â±0.102.96

+0.132.35
Â±0.104.1

4Â±0.314.99
+0.132.97

Â±0.102.88
Â±0.215.1

6Â±0.095.10
Â±0.093.23

Â±0.043.08
Â±0.08

Mean Â±standard deviation of results obtained independently for three replicate
cultures.

transit times (17). It is also of interest that a polyamine-dependent
(arginase-deficient) mutant of Chinese hamster ovary cells re

sponds to polyamine starvation with a lengthening of, and ac
cumulation of cells in, the S and G2 phases of the cycle (38). The
overall picture emerging from these studies indicated a require
ment for polyamines to maintain optimal rates of cell cycle
traverse. These investigations did not, however, resolve the

DAYS

Chart 3. Reversal of the DFMO-induced perturbations of A-427 cell cycle phase
distributions by exogenous PU. Cells were treated on Day 1 with DFMO in DMEM
(5 mM final concentration) (â€¢)or with DMEM alone (â€¢).Half of the DFMO-treated
cultures (O) and half of the controls (O) had PU in DMEM added (to a final
concentration of 50 IM) on Day 3; the remainder received an equal volume of
DMEM at the same time. Triplicate cultures from each group were daily harvested
and fixed in 70% ethanol. DMA histograms of 2.5 x 104 chromomycin-Aa-stained

cells were obtained by flow cytometry and analyzed for phase fractions by com
puter. A. Gi-phase fractions; 8, S-phase fractions. Points, mean of three replicates;
bars, standard deviation.

Table 3

Reversal of the effects of DFMO on human carcinoma cell cycle phase
distributions by exogenous putrescine

DFMO was added to cultures at a final concentration of 5.0 mM 24 h after
seeding 5 x 10*-1 x 10Â«cells/75-cm2 flask. PU was added at the indicated final
concentrations after a further 48-h incubation. Cell cycle phase distributions were
determined 24 h after PU addition, by computer analysis of DNA histograms
obtained using flow cytometry of cells fixed in 70% ethanol and stained with
chromomycin-Aa.

CelllineHuTu-80HT-29MCF-7A-427PU0550055005500550%
of cells

inG,66.1
Â±0.9"31

.7Â±0.327.6
Â±1.167.3

Â±3.938.1
Â±0.841.0
Â±1.189.3

Â±1.647.4
+1.542.5

Â±1.468.8

Â±1.222.7
Â±0.425.8
Â±1.8%

of cells
inS14.5

Â±1.642.5
+0.346.6
Â±0.416.5

Â±3.434.5
Â±1.537.4
Â±1.14.5

Â±0.241
.7 Â±0.945.0

Â±2.914.8

Â±0.756.9
Â±2.157.8+1.8%

ofcellsinGp-M19.3

Â±0.625.8
+0.525.8
Â±0.716.1

Â±2.827.6
Â±0.721

.6Â±1.36.3

Â±1.410.9
Â±2.412.5

Â±2.716.5

+0.920.4
Â±2.416.5
+ 0.1

" Mean Â±standard deviation of results obtained independently for three replicate

cultures.

question of an absolute dependence of the G, to S transition on
Â¡ntracellularpolyamine content.

Later studies with DFMO (4, 12, 13) also reported conflicting
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observations on Å“il cycle phase distributions in polyamine-

deficient tumor and normal cells. Some investigators reported
that only normal cells will accumulate in GÃ¬after DFMO treatment
(12,13), while we observed increased GÃ¬fractions of gliosarcoma
cells after long-term DFMO treatment (4). Here we have shown

that four of five human carcinoma cell lines also accumulate in
GÃ¬after ODC inhibition by DFMO. It is, of course, entirely possible
that cultured cell lines may vary considerably in their cell cycle
response to polyamine depletion and that no general conclusion
regarding dependence of the GÃ¬to S transition on polyamines
can be drawn. Alternatively, it may be true that static measure
ments of phase distributions are an inappropriate means for
resolving this question. The fraction of cells in each of the cell
cycle phases is a function of the relative lengths of those phases.
Accumulation of cells in any given phase can result either from
a lengthening of that phase relative to the remainder of the cycle,
or from a blockade of cell exit from the phase in question. Our
observations of increased GÃ¬fractions in both DFMO-treated 9L

cells (4) and human carcinoma cells thus do not prove that GÃ¬
cells are unable to enter S. To resolve this question, we have
synchronized polyamine-deficient cells in GÃ¬,using centrifugal
elutriation of DFMO-pretreated cells.4 We are currently investi

gating the ability of polyamine-deficient GÃ¬human carcinoma

cells to enter S phase upon their return to culture in the presence
or absence of exogenous PU. These experiments are of partic
ular importance with ME-180 cells, the single cell line not showing
altered phase distributions after DFMO treatment.

Regardless of the final outcome on the above question, the
results presented here suggest that extreme caution is needed
before using DFMO to enhance the antitumor specificity of S-
phase-specific cytotoxic agents (11-13). Oredsson ef al. (14)

have already shown that DFMO pretreatment will protect 9L
gliosarcoma cells from ara-C lethality. Based on the perturbations

of human carcinoma cell cycle phase distributions we report
here, we would predict that DFMO pretreatment would also
protect four of our five human tumor cell lines from ara-C

cytotoxicity. Protection of normal tissues while simultaneously
causing decreased antitumor efficacy would obviously result in
no net therapeutic gain.

Our ability to reverse the effects of DFMO on phase distribu
tions with concentrations of exogenous PU that only transiently
replenish SD content (5 /UM;Table 3) suggests that only a very
small fraction of intracellular polyamine content is needed to
support cell cycle traverse. It is also possible that the altered
phase distributions in DFMO-treated cultures are a consequence
not of the polyamine deficiency but of the increased levels of
decarboxylated S-adenosyl-L-methionine that have been ob
served to accompany ODC inhibition (39, 40). It would thus be
of some interest to study changes in decarboxylated S-adenosyl-
L-methionine content after addition of 5 /Â¿MPU to DFMO pre-

treated human carcinoma cell cultures. Such studies are planned
for the near future.
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