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1. Introdunetion

Cultored cells from monse nevroblastoma C-1300
display a set of properties, which are characteristic of

neuarons, They resemble neurons in morphology J1—41,

their content of enzymes involved in neurotransmiiter
synthezis {1, 2, 4, 51, iheir elecirical propernties {6—8}
and their response 1o newrohormones [6, 9, 10]. The

latter findings imply that the nevroblastoma cells carry

the receptors necessary 1o recognizs neurohormonss -
like acetylcholine and prostaglandin E; {FGE, ).

The levels of aderosine 3 5’-cyclic monophosphate
(cyclic AMP) in neuroblastoma cells are increased in
‘the presence of PGE; , albeit to different extent with
different clonal ines [10]. The slight stimulation seen
with some of the lines [10].could be due either toa
reduced sensitivity to PGE; (e.g. Jack of PG-recepiors)
or to a very rapid breakdown of the cyclic AMP form-
ed. As the main point, the present report shows that
PGE, increases the levels of cyclic AMP up to severd
hundred fold above the control levels, provided inhib-
fiors of eyelic nucleotide phosphodiesterase like pa-
paverine {pzp) [i1, 121 and isobutylmethyixanthine
(@BMX) 112, 13] are present; furthermore it demon-
Strates that this is also true for lines, which are hardly

* stimulated by PGE; alone. '
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2. Materials and methods
2.1. Celf culture

The neuroblastoms cells used were either clonal
lines isclated from mouse neurcblastoma C-1300 by
Dr. T. Amano [4] or mutant lines derived from thess.
NS 20 {4] and NATG3 {14] were obteined from Dr.
T. Amano, N18TG2 [15] from Dr. J. Minna and N12
and N115 [4] from Dr. 5. Nirenberg. N27G3 and
WIBTG2 .1e H-thiogearane resistant mutents. The colis
were grown at 37°C i Falcon plestic flasks {75 em?)
or plistic dishes {diameter 60 mm) containing Dulbtc-
co’s modified Eagle’s yrredium supplemented with 105
fetal boyine seram, in an atmosphere of 90% air, 10°7%

- €O, ard 100% humidity. The medium for NATG3 :nd

MN18TG2 contained 0.1 mM 6-thicguanine. The line=
N12,NS20,N115 and N18TG2 were subeuliorsd by
vsing 2 medinm free of divalent cations [16], N4TG3 -
by exposure to 0.05% trypsin {16]. The viability of
the cells was determined by exclusion of nigrosin.

2.2. Expenmem‘a] mmbanon

The condmﬁns fcr kabeling of sychf- AMP wﬂ}:
ecy adenine, for the deterriination of intal adenine
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nugcleotides and for the inzubations {10 min) with the
hormones and phosphodiesterase inhibitors were per-
formed as described elsewhere {12, 17]. The final con-
centrations of these substances in the incubation were:
2.9 1M PGE, , 0.1 mM norepinephyine {(NE), 0.5 mM
papaverine and 1 mM IBMX. The cyclic AMP content

of the cells was measured using the method of Gilman
[18]. Cyclic AMP was purified prior to the assay [19].
Protein was determined with the binret method [20,21].

3. Results

The increase of the cyclic AMP levels in the lines
MNS20 and N4TG3 In pre*;ence of PGE; (table 1) con-
firms a previcus report |10}, The stimulation of the
mutant line N18TG2 is much higher than that previ-
onsly found for the wild type N18 [10]). The elevation
of the eyclic AMP content of lines N12 and N115 s
very modest. Papaverine alone potenily raises cyclic
AMP levels in N4TG3 {17-fold), N18TG2 {10401d) and
N115 (39-fold). The other lines are stimulated less
markedly. In comparison, the effect of IBMX alone is
less pronounced. When PGE, is combined with either
papaverine or IBMX or with both, cyclic AMP levels
amount to values, which are np to aboui 25 times
higher than the highest vaines previously found in nen-
roblastoma lines stimulated by PGE; and theophylline
{10]. The combination of PGE; with 1BMX is general-
ly more effective than that with papaverine. When both
inhibitors are accompanying PGE; the ¢yclic AMP
levels are Rurther incieased above those found with
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Fig. 1. Time course of cyclic AMP formation by the nenro-
‘blastoma line N4TG3 in the presence and absence of phos-
phodiesterase inhibitors. 8.4 X 10% polls {per 60 mum dish)
were exposed for varying lengths of times fo 3 mlof solutions
of PGEy {X—X~X), papavering {(0—a—a) IBMX [o0—o—0),
PGE, + papavering {(d——a—a) and PGE; + IBMX (o—w»—ms),
For experimental details see Methods .

only ong inhibitor fortifying the effect of PGE, . The
highest concentrations of intracellular cyclic AMP
amount tovalues between 10 and 60% of the levels of
the free adenine nucleotides, The maximal levels of cy-
clic AMP are reached within 10—135 min of exposure
to PGE; and a phosphodiesterase inhibitor {fig. 1).

Teble 1
Effect of PGE; and phosphodiesterase inhibitors on the levels of cyclic AMP in nenzodblastoma cell lines.

{pmoles cyclic AMP/mg proigin)

Adenine Totaleells Prolein Viability
Conirol pap. IBMX PGE; PGE;+ PGE;+ PGE;+ nucleotides per flask per flask of cells
pap. IBMX  pap.+ {(pmoksfmg X 10° ]
Cell ine IBMX proteind {me) (73]
NATG3 11 181 63 86 940 1750 2220 9200 10 7 91
N2 13 31 37 32 1200 1630 2280 23300 il 13 R6.
NIBTG2 iV 97 42 B 177 1“860‘ $00 3660 6500 - 18 8 . 94
Ni15 5 192 24 a3 512 686 1150 6400 - 13 - -
N820 17 44 35 ‘4:1_ 695 1730 - 2620 - 21 1 67

The sceils grown in plastic lasks {75 cm?) wer exposed for 10 min 1o the sabstances mdlcated in the *tab}s, For expenmem;«ﬁ aie-

tails see Methx:ds pap.= papavenne, — = not neasa red,

86.-‘
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The formation of cyrlic AMP by the intact cells can
also be followed by measuzing the incerporation of -
[**Cjadenine into cyclic AMP [12]. After labeling the

- intracelular adenine mucleotide pool, the cells were ex-
posed to the same compounds as in table 1. With all
cell lines the controls showed only a slight conversion
of the intraceilular iabel into cyelic AMP {table 2). In
the presence of PGE; or one of the phosphodiesterase
inhibitors some of the cell lines incorporated some-
what more label into gy<lic AMP than the controls.
Bowever, it was oniy when PGE; and at least one of
the inhibitors were present thot the labsling of cyclic
AMP increased strongly. These results are gualitetively
stmmilar to those shown in table 1. Yet, there are gquan-
titative differences. In most cases the stimulations ob-
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served with the levels of cyclic AMP are by far stronger
than with the incorporation of intracellular label into
cyclic AMP.

Catecholamines have been reporied not to increass
cyclic AMP levels in nenroblastoms cells [ 101. Ox the
background of the strong effect of PGE, in the pres-
ence of the vhesphodiesterase inhibitors, it appeared
mteresting io see, whether or not NE would elevate

- the levels of gydlic AMP when the inhibitors were ap- _

=lisd simulianeously. As seen in table 3, neither of the
~wo cell lines tested showed & substaniial incicase of
its eyclic AMP content above the zespective reference
salues in the presence of MNE or NE and the inhibitors.

Table 2
Incoxporation by neuroblastoma lines of 134C]adenine into cyclic AMP in the presence and absence of PGE; and phospnodiester-

ase inhibitors.

(%) Conversion

Cell line Control Pap. IBMX PGE, PGE, + PGE; + PGE, + 13%Cladenine uptake
pap. IBMX pap. + into the cells {cpm
IBMX % 10 /mg protein)
NATE3 0.3 1.1 0.3 0.3 44 6.3 7.5 19.3
N12 0.1 0.3 0.3 6.2 2.5 4.2 43 8.9
NIBTG2 0.1 0.4 0.1 6.5 3.6 3.8 56 14.6
N115 0.1 0.8 0.2 0.1 2.8 4.1 54 5.4
NS20 0.1 0.3 0.1 0.1 1.5 2.7 3.8 9.7

Cells Iabeied with [1?Cladenine for 40 min [ 12] were exposed to the sulstances indicated in the tabls for 10 min. Percent conver-
sion = 100 X {radioaciivity of cyclic AMP isolated)f(total radicactivity im the c=lic). For cell densities, viabiities and ezl proteir
per flask see table 1. The cells used were parallel cultuzes of those used in table 1. The data on the nptake of radioactive adenin

are the mean of 7 values.

- Table 3
Effect of NE and phosphodiesterase inhibitors on cyclic AMP levels in 2 newrt biastomna cell Bines.

{pmoles eyclic AMP/mg protein)

Conizol Pap. Pap. + NE HE+ NE + Protein Total cells viability
i IBMX Pap. pap. ¥+ per fiask per flask of cells
Cell line IBMX {mgs % 1575 %)
NATG3 Expt. 1 33 . - 85 52 - - 83 ¢.5* - -
Expt. 2 15 i53 - - 16 162 73 Lo 4 o9
N18TG2 Expt. 1- 32 10 - 8 17 - : S - 48 o 82
" Expt. 2 14 - - 19 - - i 7 24 ) 91

* Per 60 mm plastic Petri dish. o :
For experimental details see Methods; — =not measurad.
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4, Discussion

The experiments show that the increcse in levels of
cyclic AMP due 1o stinulation by PGE; is different -
with various neuroblastoma lines. This elevaticn of the
cellular content of cyclic AMP is strongly potentiated
when the phosphodiesterase inhibitors papaverine and/
or IBMX are present, The conclusion is that the nenro-
blastoma cell lines tested have an active PGE; recep-
tor—adenyl cyclase system and that the large differ-
ences found in the responses to PGE, alone are main-
ly due to differences in phosphodiesterase activities.
On the other hand, there are stifl differences in the
cyclic AMP levels even in the presence of the phospho-
diesterase inhibitors. They could be aitributed to dif-
ferenzes in the rates of synthesis of cyclic AMP, dif-
ferent levels of intracellnlar nucleotides andfor dif-
ferent isozymic forms of cyzlic AMP phosphodiester-
ase, which are only pertially or not at all inhibited by
the inhibitors used.

Despite the fact that incorporation of [*? Cladenine
inio cyclic AMP parallels the cyclic AMP levels obsery-
ed, the changes seen with the radioaciive method are less
pronounced than those detected by measnring the con-
tent of cyclic AMP. The reasons for this quantitative
difference between the results obtained with *he 2
methods are probabiy differences in uptaks of [*2C]-
adenine into the cells and differences in intracellular
pools of precursors, The comparison of the methods
Jdemonstrates that measuring adenine incorporation
into eyclic AMP may be useful for finding gualitative
differences. For quantitation, however, measuring of
cyclic AMP levels is necessary.

Exposure of nenroblastoma cells to dibutyryl cyclic
AMP [22], PGE,; [23] or papaverine [24] initiates the
outgrowth of neurites, an effect which is probably
mediated by increased levels of intracellular cyclic
AMP. In the light of the resulis presented here, a fail-
ure of nenroblastoma lines to express differentiated
functions in the presence of PGE,; might be overcome

by inhibiting the cyclic muclectide phosphod;e ,texase
activity of the cells.

1t appears difficult to differentiate beiween astight- - - -

ly stimulatory effect of PGE; or some other neuro-
hormone on the cvclic AMPP content of a neuroblas-
toma cultore and the biological variation among
parallel cultures. In such a raseit is helpful to'see
whether or not phosphodiesterase inhibitors like -
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papaverine or IBMX will potentiate the effect of PGE,
(or some other neurchormone acting on the adenyl
cyclase system). Since NE doesnot even cause an in-
crease in the cyclic AMP levels in the presemce of *he
inhibitors, we conclude that the cells are '_pmbab]y not
equipped with adrenergic recepiors,

All neuroblastoma lines thusexamined for their abili-
1y to be stimulated by PGE, are derived from the same -
tumor [4]. Nevertheless do they vary in their response
to PGE, and the inhibitors (alone and in-combination).
Such variations have also been observed with their con-
tent of enzymes characteristic of nenrones, their
morphology, size and karyotype [4]. Therefore, the
differsnt genetic constitution of the cells is very likely
10 &3 the origin of such variaticns.

Despite the high concentrations of the phosphodl-
esterase inhibitors used, the effects of the two inhib-
itors are partially additive. These 1esults could be ex-
plained by the existence of two 01 more isozymic
forms of phosphodiesierase, which are affected by the
inhibitors to a different extent. Isozymic forms of
phosphodiesterase have been detected in varions tis-
sues from rats and rabbits [25], in glioma and neuro-
blastoma linges [26].
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