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Summary: The effects of spermine and terbutaline on viability and mitogenic response of phytohaemagglutinin
stimulated human peripheral bicod mononuclear cells (PBMC) cultured in fetal bovine serum-supplemented RPMI 1640

medium were studied.

Spermine in the presence of fetal bovine serum (FBS) expressed cytotoxic activity toward human PBMC seen

as a decrease of both cell viability and mitogenic responsiveness to phytohaemagglutinin (PHA) stimulation. This effect

- was significantly diminished by aminoguanidine (AG) thus demonstrating that metabolites converted from spermine
through the action of amine oxidases present in FBS acted as cytotoxic agents.

Terbutaline, a potent f2-adrenoceptor agonist and an inducer of diamine oxidases did not potentiate, but led
to suppression of spermine-FBS cytotoxicity toward PBMC which was expressed to a similar extent as in the case of AG
application, either with regard or to cell viability or mitogenic responsiveness to PHA-induced stimulation of PBMC.

Hey words: terbutalilne, spermine, human PBMC, FBS, amine oxidases.

Introduction

During the past decade the versatile polyamine
role in cell viability and proliferation, dependent on the
ratio of intra- and extracellular polyamine levels has
been repeatedly demonstrated. Several authors sug-
gested a certain relationship to exist between macro-
molecules involved in lymphocyte activation and mo-
lecules included in the biosynthetic pathways of
polyamines, such as ornithine decarboxylase (ODC), a
rate-limiting enzyme of polyamine synthesis. The ele-
vation of ODC level 18 h after inception of mixed
lymphocyte culture was found to be an early indicator
of histocompatibility (1). Also, an increased rate of
ODC synthesis in PHA-activated lymphocytes was ob-
served (2), and recently, a marked increase in ODC
mRNA expression upon IL-2 interaction with the cor-
responding lymphocyte receptors was reported (3). It
has been also shown that the tissues known to fail in
eliciting immunological response, such as fetal and
neoplastic ones, contain high polyamine levels, and
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that the DNA synthetic response of stimulated murine
spleen cells in the presence of fetal bovine serum (FBS)
was inhibited by micromolar concentrations of spermi-
ne (4).

Spermine inhibition of mixed lymphocyte re-
sponse to PHA stimulation and the induction, but not
the expression of cytotoxic response, were observed in
FBS-supplemented culture media. This suppression of
iImmunological response in vitro was ascribed to the
cytotoxic action of oxidative products {aminoaldehy-
des, acrolein, H:O, and ammonia) converted from
polyamines by copper-dependent amine axidases pre-
sent in ruminant sera (5-7) and thus, in FBS frequently
used as a constituent of cell culture media.

The aim of the present work was to examine
amine oxidase-mediated spermine cytotoxicity toward
human PBMC and its effect on PHA-stimulated proli-
feration of these cells upon pretreatment with amino-
guanidine (AQ) a specific Cu®" dependent amine oxi-
dase inhibitor, or with the S>-adrenoceptor agonist
terbutaline acting through cAMP accumulation,
known as a potent inducer of diamine oxidases (8).
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Experimental procedures

Culture medium and chemicals. RPMI 1640 cul-
ture medium and FBS were GIBCO, Paisly, Scotland,
(.K. products; Lymphoprep™ was purchased from
Nycomed (Oslo, Norway) and Heamaccel™ from Jugo-
remedija (Zrenjanin, Yugoslavia). PHA was supplied by
Wellcome Diagnoestics (Dartford, England), spermine
by Calbiochem Corp. (San Diego, CA, (.S.A.), terbu-
taline (2-t-butylamino-1-[3,5-dihydroxyphenylethancl}
by Sigma Chemicals (St Louis, MO (0.S.A.) and amino-
guanidine by ICN Biochemicals Ltd. (lrvine, CA,
USA).

Blood donors. Heparinized venous blood was
obtained from heaithy volunteers, age range 20-50

years.,

Cell separation. Peripheral blood mononuclear
cells (PBMC) were separated from whole heparinized
bleod by Lymphoprep™ gradient centrifugation. Inter-
face cells washed three times with HaemaccelR
aqueous solution [cmntainin% 145 mmolL Na™, 5.1
mmolL KT, 6.25 mmol/L Ca®*, 145 mmol/. CI" and
disintegrated gelatine polymers 35.0 g dm'3]. pH 7.4
were resuspended in RPMI 1640 medium with 25
mmol/L. HEPES buffer, 2 mmol/L L-glutamine, 10%
FBS, and 100 g of each garamycin and streptomycin
to the density of 4-1 0° cells/mL medium.

Cell culture, PBMC were seeded in triplicate in
24 flat bottom welis {Costar) in the above medium
(53-10% cells/mL, i.e. 8:10° celis per well) with or wi-
thout 1% PHA used to stimulate cell proliferation. The
cultures were maintained at 37°C in 5% CO, humidi-
fied air atmosphere.

Cell treatment. Both PHA-stimulated and non-
stimulated PBMC were treated with AG or terbutaline
(1 mmal, each) for 40 min and then freshly prepared
spermine solution was added to a final concentration
of 50 umol. Equivalent volumes of culture medium
were added to the controls.

Counting of viable PBMC. Cell viability was as-
sessed by trypan blue exclusion method 72 h upon
inception of cell culiure and exposure of the cells to
above treatments. Number of viable and dead cells was
counted using haemocytometer and viability was ex-
pressed as number of viable per 100 cells (V%).

Determination of PBMC mitogenic response to
PHA-stimulation. Lymphocyte mitogenic response to
stimulation with 1% PHA was determined 96 h after
inception of the cell culture as previously described (9).
The mitotic index was estimated by light microscopy
using immersion oil upon Giemsa staining and was
expressed as the number of mitoses per 1000 of total
cells (TLT%s.).

Data analysis. For the statistical evaluation of the
data one-tailed Student’s test was used. The differen-

ces were considered statistically significant when p was
less than 0.02.

Results and discussion

The effect of aminogianidine on FBS-spermine
action to PBMC viability and mitogenic response. The
data from experiments aimed to determine the effects
of AG on FBS-spermine action to both the viability and
the mitotic index of PHA-stimulated and control PBMC
are summarized in Table |.

Table I: Effect of aminoguanidine on the cytotoxic
action of FBS-spermine to human peripheral blood

mononuclear cells.

| e ] Vet [ e
FES 94 +1 0
FBS+spermine 45%5 0
FH5+:":G 91 %1 0
FBS+AG+spermine 93+ 0
FBS+FPHIA 742711 hhx12
FBS+PHA+ spermine 33: 0
FBS+PHA+AG 7246 | 55%15
{ FBS+PHA+AG+spermine 72117 5319

Cells were cultured in FBS-supplemented RPMI| 1640 me-
dium. Stimulation to proliferation was achieved with 1%
PHA. Aminoguanidine {1 mmol) was added to cell cuitures
40 min before spermine (final concentration 50 pmol).
Yiability and mitotic index were determined 72 and 96 h later,
respectively. The data are means *+ SD obtained with mo-
nocytes isolated from peripheral venous blood of three he-
althy donors. Each sample was analyzed in triplicate. * p <
0.001; p < 0.02, in comparison with the corresponding
value without inhibitor.

As seen, PBMC viability was twice reduced by
FBS-spermine in comparison with the control cells
grown in FBS-supplemented RPMI 1640 medium un-
der spermine-free conditions. AG did not affect cell
viability in the absence of spermine, but almost com-
pletely suppressed inhibitory effect of FBS-spermine,
PHA slightly decreased cell viability and in the presence
of FBS-spermine this value was significantly reduced
comparing to the corresponding control, while mitotic
index was zerc. AG did not influence either cell viability
or the mitotic index when added to PHA-stimulated
cultures under spermine-free conditions, but strongly
suppressed FBS-spermine cytotoxicity of PHA-stimu-
lated PBMC cultures.

Suppression of FBS-spermine cylotoxicily to
PBMC by lerbutaline. Contrary to what expected, ter-
butaline, a potent 8,-adrenoceptor agonist and an
inducer of diamine oxidases, expressed an inhibitory
effect on FBS-spermine action with regard to both
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PBMC viability and PHA-induced proliferation, as
shown in Table II.

Table II: The effect of terbutaline on FBS-spermine
cylotoxic action to huran peripheral blood

mononuclear cells.
Treatment "-"Eﬁ;ﬁ" MI:?EEETEK

FBS 3542 Q
FBS+spermine 39x9 0
FB5+terbutaline g3+ 0
FBS+terbutaline +spermine 91+5 0
FB5+PHIA GEk12 blx18
FB5+PHA+spermine 32%10 0
FBS+PHA +terbutaline 73%12 5812
FBS+PHA+terbutatine+spermine |  68+8" 56117

For the details see legend to Table |, Instead of AG, the cells
were pretreated with 1 mmol terbutaline for 40 min prior to

addition of spermine. The data represent means + SD of
three healthy donors. Each sample was analyzed in triplicate.

p< 0402 p < 0.001 incomparison with the correspon-
ding value without terbutaline.

Terbutaline pretreatment of cells growing in
FBS-supplemented medium did not affect cell viability.
However, it led to the abolishment of FBS-spermine
cytotoxicity toward the non-stimulated PBMC and the
viability was at the controt level. This agent also sup-
pressed inhibitory action of FBS-spermine en mitoge-
nic responsiveness of PHA-stimulated PBMC. It should
be mentioned also that PBMC viability in PHA-stimula-
ted cultures was somewhat lower than that of the
non-stimulated cells, probably due to individual varia-
tions between blocd donors.

The significance of polyamines for both cell
growih and metabolic processes has been well reco-
gnized (10-12). The major role of common polyamines
spermine and spermidine found in all animal cellsis to
stabilize and protect nucleic acids from denaturation
and nuclease attack (11). They are essential for cell
growth and inhibitors of ODC greatly suppress DNA
synthesis (13). Paradoxically, extrinsic spermine and
spermidine strongly inhibit cell growth and differentia-
tion, as well as proliferation of several tumor cell lines
in vitro (4,14,13). All these inhibitory effects disappear
in cultures under ruminant sera-free conditions and
mast of them are considered to result from cytotoxic
action of r::xndatwe products converted from polyami-
nes by cu® -dependent amineoxidases present in ru-
minant sera (5,16).

However, the inhibitory effects of polyamines on
immune response in the absence of ruminant sera
were also reported and shown to depend on an intrin-

SiC polyamine oxidase activity of lymphocytes, though
in this case higher polyamine levels are necessary than
when ruminant sera were present (7,17). Inhibition of
bovine serum amine oxidases by AG and the resulting
suppression of polyamine cytotoxicity have been ob-
served long ago (18,19). Qur results on the inhibitory
effects of spermine on both PBMC viability and mito-
genic response to PHA stimulation in FBS-supplemen-
ted medium were expected connected to the previcu-
sly attained knowledge and numerous data of other
authors.

On the other hand, during the past several years
an increasing body of evidence has accumulated,
dernonstrating the effect of adrenergic receptor ago-
nists and antagonists acting through adenylate cyclase
system upon the interaction with specific membrane
receptors, on lyrmphokines (20,21), as well as on diffe-
rent enzyme activities, including those involved in bio-
synthesis and metabolism of polyamines (22-24). The
stimulatory capacity of adrenergic agonists and inhibi-
tory action of the corresponding antagonists support
the view on specilic influence of catecholamines and
adrenergic drugs on the lymphocyte function. So, it
has been found that terbutaline, a potent 8>-adreno-
ceptor agonist acts as a strong inducer of renal diami-
ne oxidase (8), the rate-limiting enzyme in the oxidative
deamination of putrescine, a critical regulatory mole-
cule for cell growth and precursor of higher amines
(25-27). When designing the experiments described in
the present paper, we expected terbutaline to add to
spermine cytotoxicity through the products evolved
from spermine by the action of terbutaline-induced
diamine oxidases. Paradoxically, a suppression of cy-
totoxic FBS-spermine effects on PBMC viability and
mitogenic responsiveness to PHA stimulation was ob-
served. These results could be connected to data of
Brunton et al. (28), who found that retrocenversion
pathway converting spermine and spermidine into
their precursor putrescine expressed a cytoprotective
action to baby-hamster kidney (BHK) cells. It could be
also speculated that terbutaline acted as an inducer of
compounds more susceptible to diamine oxidase ac-
tion than spermine and that the resulting oxidation
products were either inert or less cytotoxic than those
evolved from spermine oxidation. Ancther possibility
would be that terbutaline acted as an inducer of strong
reducing agents, thus influencing cytotoxicity of sper-
mine oxidation products converted from the polyami-
ne by the action of copper-dependent amine oxidases
present in the FBS.
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TERBUTALIN UKLANJA SUPRESIJU VIUABILNOSTI | MITOGENOG ODGOVORA
MONONUKLEARNIH-CELLJA PERIFERNE KRVI LJUDI INDUKOVANU SPERMINOM U
PRISUSTVU FBS
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Kratak sadrZaj: U ovom radu ispitivani su efekti spermina i terbutalina na vijabilnost i na fitohemaglutinonom
stimulisan mitogeni odgovor mononuklearnih &elija periferne kevi ljudi (MCPK) koje su uzgajane u RPMI 1640 hranljivom

medijumu kome je dodat fetaini govedi serum.

Spermin u prisustvu fetalnog govedeg seruma (FBS) Ispoljava citotoksi¢nu aktivnost prema MCPK ljudi, $to se
vidi kao smanjenje kako vijabilnosti tako i mitogenog odgovora ispitivanih Selija na stimulaciju fitohemaglutininom (PHA).
Ovaj efekat bio je znacajno umanjen aminoguanidinom {AG) $to ukazuje da metaboliti spermina, nastali pod dejstvom

aminooksidaza prisutnih u FBS, deluju kao citotoksiéni agensi.

Terbutalin (1 mmol), izrazit agonist S2-adrenergiinih receptora i induktor diaminooksidaza ne potencira, ved vodi
do potiskivanja spermin-FBS citotoksiénosti prema MCPX koja se ispoljava u sliénoj meri kao i u slu&aju primene AG,
kako u pogledu vijabilnosti ¢elija tako | mitogenog odgovora na PHA-indukovanu stimulaciju MCPK.

Kljuéne redi: Terbutalin, spermin, MCPK jjudi, FBS, aminooksidaze
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