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Normal-like breast cells, but not breast cancer cells,
recovered from treatment with N',N’-diethylnorspermine
Louise Myhre?, Kersti Alm?, Maria C. Johansson® and Stina M. Oredsson®

A number of polyamine analogs are currently used in
various clinical trials as cancer treatment and it is important
to investigate their effects not only on cancer cells but
also on normal cells. Treatment with polyamine analogs
depletes cells of polyamines and inhibits cell proliferation,
but the analogs cannot take over the normal function of the
natural polyamines in the cell. In this study, the normal-like
breast epithelial cell line MCF-10A was treated with the
polyamine analog N’,N"-diethylnorspermine (DENSPM).
The cells were then studied using a bromodeoxyuridine—
DNA flow cytometry method as well as western blot.

The ability of both normal-like and breast cancer cells

to recover from DENSPM treatment was also studied.
DENSPM treatment of MCF-10A cells resulted in a
prolongation of the S and G, + M phases, followed by

a G4/S block. The p53/p21/RB1 pathway was involved in
the G,/S block as shown by increased levels of p53 and
p21 detected by western blot. Decreased levels of cyclin
E1, cyclin A2, and cyclin B1 in DENSPM-treated cells can
explain the prolongation of cell cycle phases that occurred
before the G;/S block. We also show that MCF-10A cells

Introduction

The cell cycle is a series of events where a cell grows and
then divides into two daughter cells. Different opposing
forces and points of control participate in cell cycle
regulation. The driving force of the cell cycle is the
activity of cyclin-dependent kinases (CDKs) [1-3]. The
CDAKs are activated sequentially during the cell cycle by
different cyclins. Together, the cyclin/CDK complexes
drive the cell through the cell cycle phases and from one
phase to another by phosphorylating different substrates.
cyclin-dependent kinase inhibitors (CDKIs) function as
opposing forces in the cell cycle by binding to the cyclin/
CDK complexes thus inactivating them. The cell cycle
checkpoint control systems are surveillance systems that
scan the cell for errors [4,5]. When error signals are
present, the cell is not allowed to progress through the
cell cycle.

Polyamines are essential for normal cell cycle progression
[6,7]. The intracellular polyamine pools are well regu-
lated through biosynthesis, catabolism, and transport over
the cell membrane. During the cell cycle, polyamine
biosynthesis and polyamine levels show cyclic patterns
[8]. When polyamine biosynthesis is impaired, cell cycle
progression is delayed [6,7].
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rapidly recover from DENSPM-induced growth inhibition
in contrast to four human breast cancer cell lines. The
goal of cancer treatment is to cause minimal and reversible
damage to normal cells, while cancer cells should

be eliminated. Altogether, the data show that treatment
with polyamine analogs spares normal cells, while
negatively affecting the cancer cells. Anti-Cancer Drugs
20:230-237 © 2009 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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In cancer, the regulatory system of the cell cycle is
defective and the cell continues to progress through the
cell cycle despite error signals that would have stopped
a normal cell. Polyamine metabolism is deregulated and
elevated levels of polyamines are found in many forms of
cancer, such as breast cancer [9,10]. Consequently, sub-
stances that deplete the intracellular polyamine pools are
considered and used as chemotherapeutic agents [10-12].
One such group of agents is the polyamine analogs that
deplete the polyamine pools by inhibiting polyamine bio-
synthesis and stimulating polyamine catabolism [10-12].
As the analogs cannot take over the normal function
of the polyamines in the cell, cell proliferation is inhi-
bited. One widely used analog is the spermine analog
N’ ,N"-diethylnorspermine (DENSPM). DENSPM and
other polyamine analogs are currently being evaluated in
clinical trials in cancer treatment [10,12-14].

In an earlier study, we have investigated the effect of
DENSPM treatment on the four human breast cancer
cell lines MCF-7, SK-BR-3, HCC1937, and L56Br-C1
[15]. DENSPM treatment induced different cell cycle
kinetic effects that were correlated to the levels of pro-
teins involved in cell cycle regulation. Polyamine analog
treatment may also induce cell death [16-18].
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The aim of this study was to investigate the cell cycle
effects of DENSPM treatment on the normal-like human
breast epithelial cell line MCF-10A and to compare the
results with our earlier study on four breast cancer cell
lines [15]. We have investigated cell cycle kinetic
parameters, such as the rate of Gy/S-transition and the
lengths of the Gy, S, and G, + M phases, using a bromo-
deoxyuridine (BrdUrd)-DNA flow cytometry method
[19-23]. We further investigated how the normal-like
cell line and the breast cancer cell lines MCF-7, SK-BR-3,
HCC1937, and L56Br-C1 recovered from DENSPM
treatment. Our studies showed that treatment with the
polyamine analog DENSPM did not cause irreversible
harmful effects on normal-like breast epithelial MCF-10A
cells, whereas the breast cancer cell lines did not recover
well or even not at all. Polyamine analogs are thus
effective chemotherapeutic agents in breast cancer cells
with specific types of genetic aberrations. These findings
support the use of polyamine analogs as chemotherapeutic
agents.

Materials and methods

Cell culture

The MCF-10A (CRL-10317), MCF-7 (HTB-22), HCC1937
(CRL-2336), and SK-BR-3 (HTB-30) cell lines were
purchased from the American Type Culture Collec-
tion (Manassas, Virginia, USA). The L56Br-C1 cell line
was established in Lund, Sweden [24]. The MCEFE-7,
HCC1937, SK-BR-3, and LL56Br-C1 cell lines were cultured
as described previously [17]. The MCF-10A cells were
cultured in RPMI 1640 medium supplemented with
10% heat-inactivated fetal calf serum (FCS), nonessential
amino acids (1 mmol/l), insulin (10 pg/ml), epidermal
growth factor (20 ng/ml), cholera toxin (50 ng/ml), hydro-
cortisol (250 ng/ml), penicillin (50 U/ml), and strepto-
mycin (50 mg/ml). Medium components were purchased
from Biochrom (Berlin, Germany) and Sigma-Aldrich
(Sweden AB, Stockholm, Sweden). Tissue culture plastics
were purchased from Nunc (Roskilde, Denmark).

For all the experiments with MCF-10A except the
recovery experiment (see below), a number of replicate
cultures, consisting of 1 x 10° plateau phase cells seeded
into 12ml medium in Petri dishes (9cm diameter) in
the absence or presence of 10 pmol/l DENSPM (Tocris
Cookson, St. Louis, Missouri, USA), were set up. DENSPM
was dissolved in phosphate-buffered saline (8 g/l NaCl,
0.2 g/l KCl, 1.15 g/l Na,HPOy, 0.2 g/l KH,PO,, pH 7.3) to
give a stock solution of 2 mmol/l, which was sterile
filtered before adding to the cell cultures.

Bromodeoxyuridine labeling

The BrdUrd labeling of cells has been described in detail
[19-23]. Briefly, 24 or 48 h after seeding the MCF-10A
cells, BrdUrd (Sigma, St. Louis, Missouri, USA) was
added to the culture medium to a final concentration of
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Spumol/l. After a 30-min labeling period, the medium
was removed and the cultures were rinsed twice with
medium containing 0.5% heat-inactivated FCS (37°C).
The cultures then received BrdUrd-free culture medium
without or with 10pmol/l DENSPM in control and
treated, respectively. At 0, 4, 6, 8, 10, and 12h post-
labeling, cells were harvested by trypsinization, pelleted
by centrifugation at 700 x g, resuspended in ice-cold 70%
ethanol (2 x 10° cells/ml), and stored at —20°C before
preparation for flow cytometric determination of DNA
and BrdUrd contents.

Flow cytometric analysis of bromodeoxyuridine and
DNA contents

The staining of total DNA content and incorporated
BrdUrd was performed as described earlier [25-27]. In
short, the cells were incubated with primary monoclonal
anti-BrdUrd antibodies (M744, Dakopatts, Glostrup,
Denmark). To allow access of the primary antibody to
the BrdUrd molecules, the DNA was partially denatured
using 2 mol/l HCI. Secondary fluorescein isothiocyanate-
conjugated antibodies (F313, Dakopatts) were used to
detect the primary antibodies. Double-stranded regions
of DNA were then stained with propidium iodide
(Sigma). The cells were analyzed with respect to DNA
(red fluorescence) and BrdUrd (green fluorescence)
contents in an Ortho Cytoron Absolute flow cytometer
(Ortho Diagnostic Systems, Raritan, New Jersey, USA).
For the computer analysis, Multi2D and Multicycle
software programs (Phoenix Flow systems, San Diego,
California, USA) were used. The data were analyzed and
calculations were made as described earlier [19-23].

Western blot analysis

MCF-10A cells for western blot analysis were harvested
by trypsinization, counted in a hemocytometer, and
pelleted at 700 x g for 10 min at 4°C. The cells were
diluted in sample buffer (300 pul/10° cells, 62.5mmol/l
Tris-HCI, pH 6.8, 20% glycerol, 2% SDS, 5% B-mercapto-
ethanol), sonicated, and heated at 95°C for 6 min and
then immediately put on ice. Aliquots corresponding to
50000 cells were then loaded in the wells of precast
SDS polyacrylamide gels (4-12%, Invitrogen, Carlsbad,
California, USA). Note that loading was based on cell
number. Electrophoresis was performed in an XCell
SurelLock Mini-cell electrophoresis system and sub-
sequent blotting by using XCell blot module, from
Invitrogen. The membranes were then blocked with 5%
dry milk in 0.05% 'Tween-20 in phosphate-buffered
saline before incubation overnight with the primary
antibodies. Monoclonal antibodies against p27 (554069),
E2F1 (554213), cyclin D1 (554180), cyclin E1 (14591C),
RB1 (554136), cyclin A2 (554176), p53 (554294), and
cyclin B1 (554176) were purchased from BD PharMingen
(San Diego, California, USA). Monoclonal antibodies
against p21 (sc-6246) and rabbit polyclonal antibodies
against CDK2 (sc-163) were purchased from Santa Cruz
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Biotechnology Inc. (Santa Cruz, California, USA). Horse-
radish peroxidase-conjugated anti-mouse or anti-rabbit
immunoglobulin was used as secondary antibodies
(Dakopatts). Advanced enhanced chemiluminescence
protein detection reagent was used according to the
manufacturer’s protocol (Amersham Pharmacia Biotech
AB, Uppsala, Sweden). The ChemiDoc XRS system
(Bio-Rad Inc., Hercules, California, USA) and the software
Quantity One (Bio-Rad Inc.) were used for imaging.

Polyamine analysis

Cells for polyamine analysis were harvested by trypsiniza-
tion, counted in a hemocytometer, and pelleted at 700 x g
for 10 min at 4°C. Quantification of the polyamines was
performed in cell homogenates in 0.2 mol/l perchloric acid
using a high-performance liquid chromatography method
(Hewlett Packard 1100, GMI, Ramsey, Minnesota, USA)
[28]. Note that polyamine level determination was based
on cell number.

Assay of spermidine/spermine N’-acetyltransferase
activity

Cells were stored at —80°C until analysis. The cells were
sonicated in 50 mmol/l Tris-HCl (pH 7.5) containing
0.25 mol/l sucrose. The activity of spermidine/spermine
N'-acetyltransferase (SSAT) in the sonicate was deter-
mined by measuring the synthesis of ['*Clacetyl-
spermidine after incubation with ['*Clacetyl-coenzyme
A and spermidine [29].

Recovery experiments with N’,N"-diethylnorspermine
Recovery experiments were performed with MCF-7,
HCC1937, SK-BR-3, L56Br-C1, and MCF-10A cells. For
the experiments, a number of replicate cultures, consist-
ing of 2x 10° plateau phase cells seeded into 12ml
medium in Petri dishes (9 cm diameter) in the presence
of 10umol/l DENSPM, were set up. After 48h of
DENSPM treatment, the medium was removed and the
cultures were rinsed twice with medium, containing 0.5%
FCS and then fresh culture medium without DENSPM
was added. This procedure was performed using pre-
heated 37°C media. The cells were harvested and
counted in a hemocytometer 48 or 96 h after the removal
of DENSPM. After 48 h of DENSPM treatment, most of
the L56Br-Cl1 cells were dead and counting of cells in the
hemocytometer was not possible. Thus, no recovery data
are presented for L56Br-C1 cells.

Statistical analysis

For the statistical evaluation of Tg values, two-tailed un-
paired Student’s #-test was used. An unpaired Student’s
7-test was also used to evaluate the recovery of cell
proliferation after the removal of DENSPM, comparing
MCF-10A cells with the most rapidly recovering cancer
cell line MCF-7.

Results

DENSPM treatment of MCF-10A cells resulted in a rapid
decrease of the polyamine pools and the pools were
almost depleted after 48 h of treatment (Fig. 1). Activa-
tion of SSAT contributed to the decrease in the
polyamine pools. In control and DENSPM-treated cells,

Fig. 1
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Effect of N',N"-diethylnorspermine (DENSPM) treatment on polyamine
levels in the normal-like breast epithelial cell line MCF-10A. Cells were
seeded in the absence or presence of 10 umol/l DENSPM. After 24
and 48 h of treatment, cells were sampled for polyamine analysis by
high-performance liquid chromatography. White columns, control; black
columns, DENSPM. Bars show the mean of three independent
samples + SD with the exception of control at 48 h after seeding where
n=2. The difference between the two samples was less than 20%.
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Cytograms of DNA versus bromodeoxyuridine (BrdUrd) contents showing the effect of N',N"-diethylnorspermine (DENSPM) treatment on the length
of the G phase in MCF-10A cells. Cells were seeded in the absence or presence of 10 pmol/l DENSPM. After 24 h of treatment, BrdUrd was added
to the culture medium to a final concentration of 5 umol/Il. After a 30 min labeling period, the BrdUrd-containing medium was removed and after
rinsing, BrdUrd-free medium was added. At 0, 4, 6, 8, 10, and 12 h postlabeling, cells were harvested by trypsinization, pelleted by centrifugation
at 700 x g, resuspended in ice-cold 70% ethanol, and prepared for flow cytometry-mediated determination of DNA and BrdUrd contents.
Representative cytograms from one experiment of two are shown. n=3 for each postlabeling time in each experiment. The figure shows DNA versus
BrdUrd cytograms at the various postlabeling times. The lines are set around BrdUrd-labeled divided cells in Gy phase. In control cells, BrdUrd-
labeled divided cells clearly appear in S phase at 10 h postlabeling, that is, cells are found outside the G framing lines in S phase. This information

can be used to calculate the length of the G phase. See Table 1.

the SSAT activity was and 1.0 = 1.3 and 113.1 %= 7.2 pmol/
10°cells/h (# = 5-6 independent samples from two inde-
pendent experiments), respectively, at 24 h of treatment.
No cell death was observed in DENSPM-treated MCF-
10A cells as determined by the absence of a sub-G; peak
in flow cytometry-derived DNA histograms (not shown).

Cell cycle kinetics was markedly affected by DENSPM
treatment. After 24h of DENSPM treatment, the G;
phase was prolonged as can be seen in Fig. 2, which shows
cytograms of DNA versus BrdUrd contents at various
times postlabeling. The cytograms at postlabeling time 0
show the distribution of BrdUrd-labeled cells directly
after the 30-min labeling period. The BrdUrd-labeled
cells are found in S phase directly after labeling. At 6 h
postlabeling, there is a clear peak of BrdUrd-labeled cells,
which have traversed G, and M phases and are found as
BrdUrd-labeled divided cells in G; phase in the control
cultures. A clear peak of BrdUrd-labeled divided cells is
visible at 8 h postlabeling in DENSPM-treated cells. At
10 h postlabeling, there is a clear broadening of the peak
of BrdUrd-labeled divided cells in control, showing that
these cells were passing from Gy into S phase. Thus, the
BrdUrd-labeled divided control cells started to flow into
S phase some time between 8 and 10 h postlabeling. This
information can be used to calculate an approximate
length of the Gy phase from the following expression: 8 h
<G+ G, +M <10h (see below) [23]. Figure 2 shows
that none of the BrdUrd-labeled divided cells flowed into
S phase during the experimental time period in DENSPM-
treated cultures.

Figure 3(a and b) shows the effect of DENSPM treat-
ment on the rate of transition of cells from G into
S phase. The data are obtained from DNA histograms of
BrdUrd negative cells [19-23]. The slope of the lines
indicates the rate of G/S transition and the steeper the
slope, the higher the rate of G/S transition. When the
line is horizontal no G4/S transition takes place. After 24 h
of DENSPM treatment, the rate of G1/S transition was
reduced and after 48 h there was a block in the G,/S
transition. Figure 3(c and d) shows the effect of DENSPM
treatment on the length of the G, + M phase [19-23].
The figures show the proportion of BrdUrd-labeled
divided cells; that is, cells which have been labeled while
in S-phase, and that have then traversed the G, +M
phase, and now are detected in the G; phase. This
population of BrdUrd-labeled divided cells is also visible in
Fig. 2, at several postlabeling time points. The intercept of
the line with the x-axis is an approximate measure of the
length of the G, + M phase as this is the time point when
BrdUrd-labeled divided cells first appear in Gy phase.
DENSPM treatment increased the length of the G, + M
phase and the actual values are found in Table 1.

Using the expression mentioned above (8h < G; + G, + M
< 10h) and a G, + M phase of approximately 5 h, the G,
phase length is calculated to be between 3 and 5h in
control MCF-10A cells (Table 1).

The length of the S phase was calculated as described
earlier [23]. The S phase was significantly prolonged by
DENSPM treatment for 24 and 48h (Table 1).
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Effect of N',N"-diethylnorspermine (DENSPM) treatment on the rate of G4/S transition (a, b) and on the length of the G, + M phase (c, d) in the
normal-like breast epithelial cell line MCF-10A. Cells were seeded in the absence or presence of 10 pmol/l DENSPM. After 24 (a, c) or 48 h (b, d) of
treatment, bromodeoxyuridine (BrdUrd) was added to the culture medium to a final concentration of 5 pmol/l. After a 30-min labeling period, the
BrdUrd-containing medium was removed and, after rinsing, BrdUrd-free medium was added. At 4, 6, 8, 10, and 12 h postlabeling, cells were
harvested by trypsinization, pelleted by centrifugation at 700 x g, resuspended in ice-cold 70% ethanol, and prepared for flow cytometry-mediated,
determination of DNA and BrdUrd contents. Data points from one representative experiment of two are shown. n=3 at each time point. When all
three symbols are not visible, they cover each other. Data were fitted by regression analysis. O, control cells; @, DENSPM-treated cells.

Table 1 Effect of DENSPM treatment? on the lengths of the G, S,
and G,+M phases in MCF-10A cells

Ta,” Ts® Ta,’
Time of treatment 24h 24 h 48h 24h 48h
Control 3-5 6.2+0.6 54+0.6 5.4 5.2
DENSPM - 10.7+0.5* 10.0+£1.2% 5.8 7.5

DENSPM, N',N" diethylnorspermine.

2The cells were seeded and treated as described in the figure captions of Figs 2 and 3.
PThe lengths (T, G, and Ts) of the G and S phases were calculated as described earlier
[18-20,24]. n=9-15 independent samples. The numbers are mean=+ SD. For the
statistical evaluation, Student’s unpaired ttest was used.

°The length (T, GQ+M) of the Go+M phase was determined from the intercept of the lines
with the x-axis shown in Fig. 3(c and d).

*P<0.05 compared with control.

We investigated the effect of DENSPM treatment on a
number of cell cycle regulatory proteins in MCF-10A cells
by western blot analysis (Fig. 4). The level of the Gy
cyclin D1 was slightly increased by DENSPM treatment
at 48h of treatment. The level of cyclin E1, which is
involved in the G/S transition, was decreased after 24
and 48 h of DENSPM treatment. The level of cyclin A2,
which is involved in S phase progression, was decreased
after 24h of DENSPM treatment and was almost
absent after 48h of treatment. The level of cyclin Bl,
which is active in mitosis, was decreased after 24h of
DENSPM treatment and was almost absent after 48 h of
treatment.
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Recovery of N’,N"-diethylnorspermine (DENSPM)-induced inhibition of
cell proliferation in MCF-7, SK-BR-3, HCC1937, and MCF-10A cells.
CDK2 | WM S S % | 33kDa Cells were seeded in the presence of 10 umol/l DENSPM. After 48 h of
treatment, the DENSPM-containing medium was removed, the cells
were rinsed twice and regular growth medium was added. This was
defined as time O shown in the figure. The cells were then counted at
p27 : 27 kDa 48 and 96 h after the removal of DENSPM and addition of fresh
i Ve : medium. Data are from three experiments with n=2 in each experiment.
Bars show £SD. O, MCF-10A; @, MCF-7; B,SK-BR-3; A, HCC1937.
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EoF1 . e — 60 kDa observed between control and treateq cells regarding the
level of p27. The level of RB1 was slightly decreased by
DENSPM treatment for 48h. The gels used in the
- electrophoresis do not permit an exact evaluation of the
P53 | N— — . 53 kDa phosphorylation status of RB1. The level of the transcrip-
tion factor E2F1 was decreased by DENSPM treatment
for 24 h and E2F1 was almost absent after 48 h. There was
p21 - 21 kDa a slight increase in the p53 level after 24 h of treatment
and a marked increase after 48 h of treatment. MCF-10A
cells contain a very low level of p21; however, DENSPM
treatment for 48 h resulted in an increased p21 level.
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Effect of N',N"-diethylnorspermine (DENSPM) treatment on the level of
various cell cycle regulatory proteins in the normal-like breast epithelial
cell line MCF-10A evaluated by western blot. Cells were seeded in the
absence or presence of 10 umol/l DENSPM. After 24 and 48 h of
treatment, cells were harvested by trypsinization, counted in a hemo-
cytometer, and pelleted. Cells were then sonicated in sample buffer
(10° cells/300 ul) and subjected to western blot analysis. In each well,
an aliquot equal to 50 000 cells was added, thus, loading was based on
cell counting. C, control cells and DS, DENSPM-treated cells.

The levels of other cell cycle regulatory proteins, besides
the cyclins, were also affected by DENSPM treatment
(Fig. 4). The level of CDK2, which first acts together
with cyclin E1 at the G¢/S transition and then switches
partner to cyclin A2 in the S phase, was decreased after
24 and 48 h of DENSPM treatment. No differences were

We further investigated how MCF-10A cells recovered
from 48 h of DENSPM treatment compared with the four
human breast cancer cell lines MCF-7, SK-BR-3, LL56Br-
C1, and HCC1937 (Fig. 5). The two cell lines most
sensitive to DENSPM treatment were HCC1937 and
L56Br-C1, both of which have mutated BRCA1 and p53
and they also lack RB1 [15]. The majority of L56Br-C1
cells had died by mitochondrial apoptosis after 48h of
DENSPM treatment [15-17] and no live cells were
detected in the hemocytometer and therefore there are
no data from L56Br-C1 cells in Fig. 5. HCC1937 cells did
not resume cell proliferation within 96 h after the removal
of DENSPM. MCF-10A cells recovered excellently from
DENSPM treatment. SK-BR-3 and MCF-7 cells recovered
slowly after the removal of DENSPM; however, the wild-
type p53 containing MCF-7 cell line recovered faster than
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the SK-BR-3 cell line, which contains mutated p53. The
cell numbers of the normal-like MCF-10A cell line were
compared with those of the cancer cell line showing best
recovery, that is, MCF-7, using an unpaired Student’s
r-test. The difference was statistically significant at 48
and 96 h after the removal of DENSPM. The significance
increased with time pointing to a more rapid recovery of
the MCF-10A cells (Fig. 5).

Discussion

The MCF-10A cell line was isolated from fibrocystic
tissue of the breast and represents normal-like human
breast epithelial cells although there are homozygous
deletions of the two cyclin-dependent kinase inhibitors,
p15 and p16 [30]. Our cell cycle kinetic study shows that
the MCF-10A cells have a short cell cycle time with Gy, S,
and G, + M phase lengths of approximately 3-5, 6, and
5h, respectively, resulting in a cell cycle time around
15 h. This is in stark contrast to the cell cycle times of the
breast cancer cell lines MCF-7, SK-BR-3, HCC1937, and
LL56Br-C1, which have considerably longer G; and S
phase lengths [15]. In the breast cancer cell lines, the G
phase was longer than 12 h and the S phase was between
9 and 13 h. The G, + M phase was 4-5 h, that is, a length
resembling that of MCF-10A cells. Thus, it seems that
most of the genetic alterations in the cancer cell lines had
a greater impact on the length of the Gy and S phases
than on the length of the G, + M phase. This may have
implications for cancer treatment as it implies that drugs
affecting the G, + M phase will not show enough selective
toxicity for cancer cells compared with normal cells.

When MCF-10A cells were treated with DENSPM, there
was a rapid decrease in polyamine pools. Initially this
resulted in a decreased rate of G,/S transition and a
prolongation of the S phase. The increased length of the
cell cycle phases may be explained by the increased
amounts of p53 found in the cells treated with DENSPM
for 24 h. p53 is known to exert transcriptional repression
of a number of cyclins and other genes [31], something
which may contribute to the decreased cyclin levels
found in DENSPM-treated cells. At 48h of treatment,
the function of transcriptional activation of p53 was noted
as an increased level of p21. The G4/S block noted at 48 h
of DENSPM treatment is most likely because of the
activation of the p53/p21/RB1 pathway. DENSPM treat-
ment has been shown to activate this pathway in a
melanoma cell line containing wild-type p53 [32]. The
p53/p21/RB1-induced G; block presumably protected
MCF-10A cells from cell death despite the extensive
polyamine depletion induced by DENSPM treatment.

One of the goals in cancer research is to develop
chemotherapeutic agents that kill malignant cells without
irreversibly disrupting the functions of normal cells.
Studies of drug sensitivity and recovery are necessary to

understand what causes different responses to the same
treatment and to find out treatments that suit specific
types of genetic aberrations in breast cancer. We
performed studies on normal-like MCF-10A cells as well
as on four breast cancer cell lines to determine their
potential for recovery. The MCF-10A cells recovered
rapidly from DENSPM-induced inhibition of cell pro-
liferation, whereas LL56Br-C1 breast cancer cells under-
went extensive cell death. The breast cancer cell line
MCF-7 containing wild-type p53 also recovered from
DENSPM treatment, although less well than the
MCF-10A cells. In MCEF-7 cells, DENSPM treatment
also induced a G{/S block dependent on the p53/p21/RB1
pathway, something that presumably protected the cells
from the detrimental effects of polyamine depletion [15].
MCEF-7 cells are of the luminal A breast cancer subtype
[30]. SK-BR-3 cells, which contain mutated p53 also
recovered to some extent. Our previous study of cell cycle
kinetics showed that the SK-BR-3 cell line was least
affected of the four cancer cell lines after 48h of
DENSPM treatment [15]. This time is equivalent to
the time point when DENSPM was removed in this
study. However, SK-BR-3 cells being least affected
apparently did not mean that they had the most rapid
recovery of the four cancer cell lines as the MCF-7 cells
recovered faster.

SK-BR-3 cells are of luminal B breast cancer subtype
[30]. Besides the L56Br-C1 cell line, HCC1937 cells
were most sensitive to DENSPM treatment and these
cells did not show any recovery within the experimental
period. These two cell lines both belong to the basal-like
subtype group of breast cancer [30], indicating that this
subgroup may be most responsive to DENSPM treat-
ment. Thus, it seems as if both the subtype groups and
the p53 status are important determinants for the
recovery from DENSPM treatment.

We have shown that rapid polyamine depletion results in
mitochondrial apoptosis in LL56Br-C1 breast cancer cells
[16,17]. Importantly, this shows a difference in response
to polyamine analog-induced polyamine deficiency be-
tween a normal cell and a cancer cell, which should be
exploited in the treatment of cancer. Our studies as well
as other studies, however, show that not all cancer cell
lines react with the rapid cell death that is found in
LL56Br-C1 cells [33]. Thus, it is important to find bio-
markers for sensitivity to polyamine analog treatment. In
conclusion, our data show that DENSPM-induced poly-
amine deficiency results in a prolongation of the cell cycle
phases in MCF-10A cells, which is presumably caused by
decreased levels of cyclins and other proteins.

We also show that the normal-like human breast epithelial
cell line MCF-10A recovers rapidly from DENSPM-
induced cell cycle effects. The breast cancer cell lines
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do not recover to the same extent, and breast cancer cell
lines of the basal-like subtype seem to be most sus-
ceptible to DENSPM treatment.
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