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ABSTRACT

It has been well known that polyamines ensure the stability of chromatin structure and the fi-
delity of DNA transcription. This study was carried out to evaluate the effect of polyamines on
the apoptosis of mouse thymocytes induced by dexamethasone and polyamine synthesis inhibi-
tors.

1) In the histological death findings of thymocytes double-stained with acridine orange and
ethidium bromide, the apoptotic and the necrotic fractions (AF; NF) in the control group were 9.
4+42 % and 4.5+53 %, respectively. Dexamethasone (3x107® M: DX) in creased AF upto 520+
8.1 % and did not change NF, but A23187 (5x107 M: A2) increased AF and NF upto 45.0+89 %
and 20.5+10.6 %, respectively.

2) The thymocyte viability was significantly reduced by DX, DHEA (1x10™ M), A2, DFMO (1
X107 M), and MGBG (1x107* M), respectively. It was, however, little affected by aminoguani-
dine (1x107* M: AG), putrescine (1 X107 M: PT), spermidine (1X 107> M: SD), and spermine (I X
107 M: SM).

3) The genomic DNA of mouse thymocyte was markedly fragmented by DX and A2,
respectively, and to a lesser extent, by DHEA, but was little affected by MGBG, DFMO, AG, and
each of polyamines.

4) The DX induced reduction of thymocyte viability was moderately attenuated by DHEA, but
little affected by DFMO, MGBG, and AG. However, SM significantly attenuated the viability re-
duction induced by A2 as well as DX.

5) The thymocyte viability reduction by MGBG and DFMO was significantly attenuated by
only SM among three polyamines applied in this study.

6) The thymocyte viability redution by combined treatments of DX with DFMO and MGBG,
respectively, was significantly attenuated by SM, and moderately by PT. But the viability reduc-
tion by combined treatment of DX with AG or DHEA was not affected by polyamines.

These results suggest that polyamines, particularly spermine, might play the inhibitory role in
thymocyte apoptosis and the inhibitory effect can be ascribed in part to the increase of
polyamine uptake by thymocytes pretreated with DFMO and MGBG.

Key Words: Thymocytes, Apoptosis, Dexamethasone, Polyamine, Spermine, DHEA, A23187,
DFMO, MGBG, Aminoguanidine
Abbreviations: DHEA; dehydroepiandrosterone, DFMO; «@-DL-difluoromethylornithine, MGBG;
methylglyoxal bis(guanylhydrazone) dihydrochloride

*Correspondence author

— 113 —



INTRODUCTION

Apoptosis is known to be the active and gene-
regulatory programmed death of cells (Kerr and
Harmon, 1991; McConkey et al., 1994), which ac-
counts for the maintenance of homeostasis of
cells as well as to the morphogenesis during de-
velopment (Ellis et al, 1991; Schwartz and Os-
borne, 1993; White et al, 1994). Apoptosis can
be found in various physiological processes of
selective cell deletion such as embryogenesis, cel-
lular differentiation, aging, metamorphogenesis,
atrophy of certain cells due to the deficiency
of hormones, and physiologic turnover of nor-
mal cells, especially the negative selection in
the thymus to remove self-reactive lymphocytes
(Goya, 1986; Kerr and Harmon, 1991; Compton
and Cidlowski, 1994).

Thymocyte apoptosis can be induced by vari-
ous external stimuli including glucocorticoids
(Wyllie, 1980), Ca** ionophores (McConkey et dl.,
1989a), certain toxins including .dioxin (McCon-
key et al, 1988), TCR/CD3 signaling and Fas/
Fas-ligand interaction (Smith er al, 1989), low
dose radiation (Sellins and Cohen, 1987), TNF
(Laster et al, 1988) and lymphotoxins and cyto-
toxins (Schmid ez al,, 1986; Liu er al,, 1987).

The progenitor cells committed to the T cell
lineage are derived from stem cells in the bone
marrow, selectively migrate to the thymus, in
which some of them proliferates and differenti-
ate into mature T cells in the thymus (von
Boehmer, 1988; van Ewijk, 1991). But more than
95% of the immature thymocytes found in the
thymus cortex undergo the negative selection
process that eliminate autoreactive T-cell clon-
es and preserve the minority of developing T
cells that express self major histocompatibility
(MHC)-restricted, foreign antigen-specific T cell
receptors during the development of cellular
immune self-tolerance. (McConkey et al, 1989b;
Nagata, 1994).

The apoptosis is known to be associated with
the increase of [Ca®"] and activation of protein
kinase C, the increase of ATP-dependent Ca’"
uptake into cell and nucleus (Johnes ef al., 1989),
the increase of nuclear Ca’", Mg**-dependent end-
onuclease activity (Cohen and Duke, 1984), and
the ladder-like fragmentation of chromatin DNA

into oligomers of about 180 base pairs on agarose
gel electrophoresis. (Wyllie, 1980; Wyllie et al,
1984).

However, there are some evidences that the
DNA fragmentation is rather not obligatorily
associated with the increase of [Ca*"] (Baffy er
al, 1993; Barry and Eastman, 1992; Barry et al.,
1993). In spite of high [Ca’ ], apoptosis may be
inhibited by phorbol esters and growth factors
(McConkey et al., 1989c; 1990). Also cellular Ca’* -
influx may be required to resist against an
apoptotic cell death (Iwata ef of, 1991; Rodri-
guez-Tarduchy et al, 1992), and glucocorticoids
can induce apoptosis in the cells which have
no defined endonuclease activity (Alnemri and
Litwack, 1989; 1990).

Polyamines are well known to be the pivotal
factors of cellular proliferation and differentia-
tion (Williams-Ashman and Carnellakis, 1979;
Pegg, 1986) and the regulators of sigrialing path-
way in various cells, and the change of cellular
polyamine metabolism affects the DNA-supe-
rcoiling status and increases the susceptibility of
DNA to DNAse (Snyder, 1989). Lymphocytes
actively synthesize and uptake polyamines to
maintain relatively higher cellular levels of
them (Grillo ef al., 1990).

And the quantitative balance of suppressor
and helper lymphocytes may be regulated by
polyamines (Sharkis er af, 1983). Briine et al.
(1991) reported that the glucocorticoid- or Ca™
ionophore-induced apoptosis was inhibited by
polyamines, especially spermine, and our recent
studies showed that “dexamethasone-induced
apoptosis of mouse thymocytes was inhibited
by DHEA, aminoguanidine and nimodipine,
and DFMO, on the other hand, enhanced the
apoptotic activity of dexamethasone.

This study was carried out to evaluate the ef-
fect of polyamines on the apoptosis of mouse
thymocytes induced by dexamethasone, A232187,
polyamine synthesis inhibitors (DFMO, MGBG,
and aminoguanidine), and combined treatment
of dexamethasone and polyamine synthesis in-
hibitors.
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MATERIALS AND METHODS

Primary culture and drug treatment of
mouse thymocytes

The thymus removed from an ICR-mouse
(male, 3 week old, 12:02g) was washed in 0.85%
saline, immersed in 70% ethancl for 3 sec, and
finally washed in PBS. The washed thymus was
minced with scissors in DMEM and filtered
through stainless stee! screen (50 mesh).

The filtered thymocyte suspension, 4 mi, was
layered on 2ml of Ficoll-Hypaque solution and
centrifuged at 400> g for 30min (at room iem-
perature). The monocyte fraction of white band
in the intermediate layer, collected by Pasteur
pipette, was mixed with 3 volumes of DMEM
and centrifuged at 200<g for 10min. This
DMEM washing of monocytes was repeated 2
times more. The ceil pellet was obtained and
suspended in RPMI1640 medium supplemented
with 1% (w/v) BSA.

The RPMI1640 suspension of thymocytes was
diluted to 1.0x 10 cells/ml with RPMI164C me-
dia containing 5% heat-inactivaied FBS, 25 g/
ml penicillin-streptomycin, 2mM L-glutamate
and 50uM 2-mercaptoethancl, and incubated at
37°C. Cell viability was maintained greater than
90%, using exclusion of 0.4% trypan blue. 10024
of the suspension medium was inoculated in an
96 well microplate, and incubated in humidi-
fied 5% CO: in air.

Drug treatments: After preconditioning of
thymocytes for 30min, the inhibitors of poly-
amine synthesis and metabolism (DFMC, MGBG,
and aminoguanidine) and DHEA were added to
the culture cells, and then, after 30 min interval,
polyamines were added, and then, after one hr in-
terval, dexamethasone and A23187 were finally
added. And the assays for viability and DNA
fragmentation of thymocytes were performed at
18 hr after the last drug treacrment.

The drugs used in this study were as the
followinga: dexamethasone {3x107* M), DHEA
(1X107* M), A23187 (5x107 M)}, DFMO (1 X107*
M), MGBG (1 x10™" M), aminoguanidine (1 x 10"
M), putrescine (1 x107" M), spermidine (1x 10
M), and spermine(l X 16"* M), and the concentra-
tion levels of them were seitled from the data ob-

tained in the preliminary experiments for thymo-
cytes viability.

MTT assay for thymocyte viability

Using a MTT kit (Boehringer Mannheim), the
viability of thymocytes was assayed by the
method of McGahon e al. (1995). 10 of stock
MTT solution (3-[4,5-dimethylthiazol-2-yl] -2,5-
diphenyltetrazolium, 2.5 mg/ml) was added to a
microplate well containing 100ul of culture
aliquot, and the microplate was further incubat-
ed in humidified 5% CO: in air for 4 hr. At the
end of the incubation period, the media care-
fully removed from the well, ensuring that no
cells were aspirated. To solubilize the formazan
product, 100 of 004M HCl in isopropanol
was added, and after 5min incubation, the opti-
cal absorbance of each well was read at 600
nm by a microplaie reader (Labsystems Unis-
kan 1D).

Double staining of thymocytes wiih
acridine orange & ethidium bromide

5004 aliquots of cultured thymocytes (1 X 10
cells) were washed with PBS and then centri-
fuged at 200xg for 10min. The pellet was sus-
pended in 5002 PBS and the suspension was
treated with 2074 dye mixture (PBS solution of
acridine orange, 100/g/ml and ethidium bro-
mide, 100 yg/ml). The 20 4 of cell suspension was
placed onto a microscope slide and observed and
photographed on an inverted fluoromicroscope
system (Nikon Diaphot and Nikon EM camera)
under a 40x60x objetive with a filter (Fig. 1).

A minimum of 200 thymocytes were discrimi-
nated into three groups: (L) group-living cells
with green chromatin of well organized struc-
ture, (A) group-early apoptotic cells with green
or yellow-orange chromatin of highly condensed
or fragmented structure and late apoptotic cells
with green chromatin of highly condensed or
fragmented structure, and (N) group-necrotic
cells with yellow-orange chromatin of amor-
phous structure. And the percentages of apo-
ptotic celis and necrotic cells were respectiively
calculated.

DPA Assay of DNA fragmentation

The cultured thymocytes were harvested by
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g. 1. Effects of dexamethasone and A23187 on the
nuclei of the cultured thymocytes stained
with acridine orange and ethidium bromide.
C: control, PBS
DX: dexamethasone, 3x10° M
A2: A23187, 510" M
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centrifugation at 200Xg for 10 min, and the
sediment was lysed by 4004l of hypotonic buff-
er (10mM Tris, ImM EDTA, pH 7.5) contain-
ing 02% Triton X-100. After incubation on ice
for 20 min, the lysate was centrifuged at 13000
xg for 10min. The supernatant (S) was sepa-
rated to a separate tube, and both of the re-
mained supernatant and the sediment (T) were
mixed with equal volume of 25% trichloroacetic
acid. The mixture was leaved at 4°C for 24 hr
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Fig. 2. Effects of dexamethasone, A23187, DHEA,
DFMO, MGBG, aminoguanidine, putrescine,
spermidine and spermine on the viability of
thymocytes. The drugs were treated to the
culture cells of conditioning for 30 min after
seeding and the assays were performed at 24
hr after the drug treatments.
* and ** represent p<001 and p<0.001,
respectively.
C: Control, PBS; DH: DHEA, 1 X10™* M
DF: DFMO, 1 x 10~ M; MG: MGBG, 1 x10™* M
AG: aminoguanidine, 1 X 10™* M
PU: putrescine, 1 X 10°M; SD:spermidinel X 10°M
SM: spermine, 1 X 10 M

and then the precipitate was sedimented at
13000 X g for 10 min. The sediment was hydrolyz-
ed by boiling in 80 of 5% trichloroacetic acid
for 10min. The fragmented DNAs of both the
supernatant and the sediment was added with
0.16 ml of DPA color reagent (diphenylamine, 0.
15g; 0.15ml of sulfuric acid, and 0.05ml of 1.6%
acetaldehyde in 10ml of glacial acetic acid)
(Burton, 1956) and incubated for 24 hr at room
temperature (or for 4 hr at 37°C), and then the
optical absorbance of the mixture (200u1) was
measured at 600 nm. ‘Percent framents’ refers
to the ratio of supernatant DNA in ‘S’ to the
total DNA recovered in ‘T (Wyllie, 1980).

RESULTS

Thymocyte viability

After full incubation of thymocyte in primary
culture for about 20 hr, the apoptotic fraction
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Fig. 3. Effects of dexamethasone, A23187, DHEA,
DFMO, MGBG, aminoguanidine, putrescine,
spermidine and spermine on DNA fragmenta-
tion of mouse thymocytes.

and the necrotic fraction of thymocytes double-
stained with acridine orange and ethidium bro-
mide, were 9.41+4.2% and 4.5+5.3%, respectively.
Dexamethasone induced the significant increase
of the apoptotic fraction to 52.0+£8.1% but did not
affect the necrotic fraction. However, A23187 pro-
duced the significant increases of both apoptotic
and necrotic fractions to 45.0+8.9% and 20.5+10.6
%, respectively (Fig. 1).

Dexamethasone and A23187 significantly de-
creased the viability of thymocytes to 46.2+4.5
% and 29.013.8% of the control, respectively.
Also the viability was decreased by DHEA (to
60.4+3.9%), DFMO (to 64.0+4.5%), and MGBG
(to 64.31+5.7%), respectively. But aminoguanidine
and polyamines did not affect thymocyte viability
(Fig. 2).

DNA fragmentation of thymocytes

Dexamethasone and A23187 significantly en-
hanced the DNA fragmentation of thymocytes to
226+10% and 180 11% of the control, respective-
ly, and DHEA also increased the DNA fragmenta-
tion to 153+9%. But polyamines, DFMO, MGBG
and aminoguanidine showed no effect on the frag-
mentation of thymocyte DNA (Fig. 3).
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Fig. 4. Effects of DFMO, MGBG, aminoguanidine
and DHEA on the dexamethasone-induced de-
crease of thymocyte viability. The drugs were
added to the cells at 1 hr before dexametha-
sone treatment.

Effects of DFMO, MGBG, aminoguanidine,
DHEA, and polyamines on dexamethasone-
induced cell death

The dexamethasone-induced cell death was
significantly inhibited (to 68.1+8.7%) by DHEA,
but was not decreased by DFMO, MGBG and
aminoguanidine (Fig. 4). Spermine significantly
inhibited both the reduction of thymocyte via-
bility by dexamethasone (to 77082 %) and
by A23187 "(to 75.9+7.8%), (to 75.9+7.8%)., resp-
ectively. Putrescine and spermidine did not affect
the reduction of thymocyte viability induced
by dexamethasone and slightly inhibited the
A23187-induced reduction (Fig. 5).

Effects of polyamines on the reduction of
thymocyte viability induced
by DFMO and MGBG

DFMO and MGBG, respectively, reduced the
thymocyte viability to about 64 % of the con-
trol. Spermine significantly inhibited the reduc-
tion of thymocyte viability induced by DFMO
(to 52.6+4.5%) and MGBG (to 74.1+£8.0%), resp-
ectively. But putrescine and spermidine did not
affect the viability reduction by DFMO or MGBG
(Fig. 6). '

— 117 —



120 5 A B

2z

B m~

g 90+ * | T *

2 -

&

[}

€ 60

£

kS

5

£ 30-

e )

pel

@

® . A1
PU+DX  SM+DX PU+A2 SM+A2

DX SD+DX COAZ SD+A2

Fig. 5. Effects of putrescine, spermidine and sperm-
ine on the dexamethasone-induced and the
A23187-induced decrease of thymocyte viabil-
ity. Polyamines were added to the cells at 1
hr before the treatment of dexamethasone or
A23187.

Effects of polyamines on the reduction of
thymocyte viability by treatment of
dexamethasone and DHEA,

DFMO, MGBG, or aminoguanidine

As shown Fig. 2 and Fig. 3, the viability and
DNA fragmentation of thymocytes were signifi-
cantly reduced by DFMO, MGBG and DHEA,
but not significantly affected by aminoguan-
idine. Even so, the dexamethasone-induced re-
duction of thymocyte viability was little affect-
ed by DFMO, MGBG, and aminoguanidine, but
significantly inhibited by DHEA (to about 68 %).

By the way, the reduction of thymocyte via-
bility by combined treatment of dexamethasone
with DFMO was attenuated by putrescine to
about 75% and by spermine to about 80%, but
little affected by spermidine; the reduction of
thymocyte viability by both dexamethasone and
MGBG was attenuated by putrescine to about
80% and by spermine to about 67%, but also
little affected by spermidine. However, the re-
duction of thymocyte viability by combined
treatment of dexamethasone with aminoguan-
idine was moderately attenuated by spermine
but not affected by putrescine or spermidine,
and furthermore, the reduction by both dexa-
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Fig. 6. Effects of putrescine, spermidine and sperm-

ine on the DFMO-induced and the MGBG-in-

duced decrease of thymocyte viability. Poly-

amines were added at 1 hr after the treat-
ment of DFMO or MGBG.
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Fig. 7. Effects of putrescine(F1]), spermidine(FJ) and
spermine(EJ)) on the’ reduction of thymocyte
viability by combined treatment of dexameth-
asone with DFMO (A), MGBG (B), amino-
guanidine (C) and DHEA (D), respectively.

‘methasone and‘ DHEA was not affected by all

" of the polyamines (Fig. 7).

DISCUSSION-

Apoptosis has been known to be associated



with the activation of phospholipase C, protein
kinase C, and protease; the increases of [Ca*"];
and calmodulin-dependent Ca’* uptake into nu-
cleus; the activation of Ca** Mg -dependent
endonuclease; the activation of certain gene ex-
pression; and the changes of chromatin struc-
ture (Cohen and Duke, 1984; Johnes et al., 1989;
McConkey et al., 1994).

The apoptosis processes can be activated
through the multiple signaling pathways, which
may be mediated by various kinds of second
messengers, depending on the type and context
of the original signaling events (McConkey et al.,
1994; Osborne ef al, 1994, Mountz et al, 1995).
However, apoptosis molecules have not been
fully defined for the types and conditions of all
cells, and in addition to signal transduction
molecules, various products of protooncogenes,
oncosuppressor genes, and transcription factors
such as bcl-2, bax, myc, p53, nur?7, AP-1, c-
myc, and so forth, have been known to operate
at different points along the path to apoptosis
(Osborne et al., 1994; Mountz ef al., 1995).

The biological activation of immunocompetent
cells is generally associated with the production
of immune mediators and the activation of the
cell cycle processes, and so some of them inevita-
bly proceed to the apoptosis process, which is reg-
ulated by a number of closely related cyclin
proteins, cyclin-dependent protein kinases, and
cyclin-dependent kinase inhibitors (Peninger
and Mak, 1994; Mountz et al,, 1995).

Although glucocorticoid-induced death of T
lymphocytes is well known to be a typical mo-
del of apoptosis, the mechanism of apoptotic reac-
tion has not yet been fully elucidated (Qwens
et al, 1991; Dicken and Miesfeld, 1992; Osborne
et al., 1994).

A23187 and PKC activators induced IL-2
production of lymphocytes and IL-2 increased
ODC mRNA and activity, and on the other
hand, ¢AMP post-transcriptionally augmented
ODC activity (Otani et al, 1990). And Kahn et
al. (1992) showed that the role of the Na*-K*
pump in the regulation of polyamine transport
is linked with protein kinase C activity. By the
way, it has been reported that polyamines can
modulate various G-protein coupled signaling
processes: inhibit adenylyl cyclase, phosphol-
ipase C, phospholipase A. and protein kinase

C; activate cAMP phosphodiesterase and Ca*'-
channels (Moruzzi et al, 1987; Caldarera ef al.,
1990).

Polyamines have been known to contribute to
the stability of chromatin, the resistivity of
DNA to DNAse, and the fidelity of transcrip-
tion (Snyder, 1989; Heby and Persson, 1990).
Furthermore, Briine ef al, (1991) reported that
polyamines inhibited DNA fragmentation of
permeabilized hepatocytes as well as MGBG-in-
duced fragmentation of thymocyte DNA, and
that both of the glucocorticoid-induced apopt-
osis and the Ca’*-induced apoptosis of thymo-
cytes were inhibited by spermine. Recently,
Brooks (1995) reported that because cell cycle
progression is allowed by co-ordination of
polyamine expression with DNA transcription,
histone synthesis and acetylation, and nuclear
protein phosphorylation, inappropriate cell-
cycle expression of polyamine synthesis can
lead to apoptosis of non-viable cells at GI/S
transition.

And our recent studies showed that the in
vivo apoptosis reaction of mouse thymocytes to
dexamethasone was enhanced by DFMO but in-
hibited by DHEA, aminoguanidine, and nimo-
dipine, respectively.

However, inhibition of ODC by treatment
with DFMO caused depletion of the putrescine
and spermidine contents of L1210 cells, and the
antiproliferative effect of DFMO was neutra-
lized by polyamine uptake (Heby et al, 1990).
Therefore, in order to study the role of
polyamines in the apoptosis biology, we evalu-
ated the effect of polyamines on the dexameth-
asone-induced cell death of mouse thymocytes
treated with inhibitors of polyamine synthesis,
such as DFMO and MGBG, referring the ef-
fects of A23187, DHEA, and aminoguanidine.

The present study showed that dexametha-
sone did not affect the fractional size of necrot-
ic thymocytes in primary culture and produced
the about quintuple increase of apoptotic cells,
but A23187 increased the fractions of both ne-
crotic cells and apoptotic cells by about 4~35
times; DFMO and MGBG also significantly de-
creased the thymocyte viability; thymocyte
DNA fragmentation was significantly enhanced
by dexamethasone, A23187, and DHEA but not
affected polyamines and polyamine sythesis in-
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hibitors; and dexamethasone-and A23187-in-
duced decreases of thymocyte viability were
not affected by DFMO or MGBG but signifi-
cantly attenuated by DHEA and spermine. But
polyamines and aminoguanidine could not de-
crease the viability of the cells. DFMO and
MGBG, decreased the thymocyte viability and
their effects were significantly attenuated by
spermine, and furthermore, the decreases of
thymocyte viability induced by combined treat-
ments of dexamethasone with DFMO and
MGBG tended to be inhibited by polyamines;
particularly, putrescine and spermine signifi-
cantly attenuated the decrease of thymocyte vi-
ability induced by [dexamethasone-+DFMO]
and [dexamethasone+MGBG], respectively.
DHEA, a weak androgenic precursor of tes-
tosterone, can be implicated in the dexametha-
sone-dependent cell death of necrosis as well as
apoptosis, as a partial agonist on glucocorticoid
receptors (Riley et ., 1990). In this study, the
antiapoptotic effect of DHEA was also consis-
tent with those of previous reports (Riley et al.,
1990; Blauer et al, 1991). And the inhibitory ef-
fects of spermine and other polyamines on the
inhibitory effects of DFMO and MGBG on thy-
mocyte viability were also very similar to the
data of Briine et al. (1991), convincing that
polyamines are essential for the thymocyte
resistivity against apoptosis as well as cell
growth, proliferation and differentiation (Pegg,
1986; Brooks, 1995). By the way, the inhibitors
of polyamine synthesis such as DFMO and
MGBG have been thought to induce the devel-
opment- of apoptosis in thymocytes by the ef-
fect of decreasing the cellular polyamine con-
tents, associated with the direct effects on the
cellular processes, and especially, DFMO may
stimulate the polyamine uptake into the cells
{Kahn ef al., 1989; Morton and Pegg, 1995). And
Kahn er al, (1994) presented that the existence
of differences in the polyamine transporter de-
pended on the variety of the cell types. To re-
confirm the antiapoptotic effect of polyamines,
we evaluated the effect of exogenous polya-
mines on the dexamethasone-induced apoptosis
of thymocytes pretreated with DFMO or
MGBG in this study. Consequently, the ob-
tained results showed that the apoptotic effec-
tiveness of polyamines on the thymocytes

simultaneously treated with dexamethasone and
polyamine synthesis inhibitors was somewhat
different from that on the apoptosis induced
with single treatment of DFMO or MGBG. So
to speak, spermine inhibited the DFMO-in-
duced reduction of thymocyte viability by
about 48%, but inhibited the viability reduction
by combined treatment of dexamethasone with
DFMO by only about 20%, and on the other
hand, spermine inhibited the MGBG-induced
reduction of thymocyte viability by only about
26%, but inhibited the viability reduction by
combined treatment of dexamethasone with
DFMO by about 33%. If that is true, it follows
that the intracellular polyamine contents of
thymocytes could depend not only on the
synthesis rate, but also on the rate of uptake
from the extracellular medium and on the rate
of efflux (Grillo et al, 1990). However, the dif-
ference of the antiapoptotic effectiveress of
spermine on the thymocytes induced by single
treatment of DFMO or MGBG and on the
thymocytes induced by combined treatment of
dexamethasone with DFMO or MGBG, suggests
that the mode of spermine uptake by thymo-
cytes treated with DFMO seems not to be in
line with that of thymocytes treated with
MGBG; if not so, the modes of spermine up-
take by thymocytes treated with DFMO and
MGBG, respectively, can be differently regulat-
ed by dexamethasone. In our future works, it
would be a subtle subject to be defined in the
experiment for thymocyte uptake of polyamines
via specific membrane transporters using [*H]-
labelled substrates (Grillo e al, 1990; Kahn et
al., 1992; Boglf et al., 1994).

In conclusion, the results obtained from this
study suggest that polyamines play some pro-
tective role in the thymocyte apoptosis induced
by dexamethasone or A23187, and that the
antiapoptotic activity of polyamines can be as-
cribed in part to the polyamine uptake of thy-
mocytes via specific membrane transporters.
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Chromatin cleavage in Apoptosis: Association with
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