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Incubatior of spenianeous trunsformed cells derived from astrocyte pnmary cultures witn 30 uM ‘fﬁ-hydrox)?heleslcrol (74-OH-CH) which is lethal
1o the <ells or with 130 #M 1soproterencl reduces the intraceliular level of cAMP (4- and 2-fold respective W Treatment of the eultures with 0.5
mM dibutyryl (db)-cAMP and 75-OH-CH increases 3-fold the intracellular level of cAMP and bown, db-A WP and isoproterenol, raise the lethal
effect of 7f-011-CH and ils estenfication on C-3-OH by naturally occurring fally acids (metabolite). Kinetic s\udies of net steryl-3-esters hydrolysis
revealed that db-cAMP and isoproterenol lower that of cholesteryl-3-esters (2-fold) whereas the opposite is tound for the metabolte. These data
demonstrate that (1) high cAMP intracellular levels medulate differendly the net hydrolysis of cholesteryl-3-esters and metabolite, (n) isoproterenal
acts otherwise than cAMP on 78-0QH-CH esterification, {ui) the cytotoxcity of 74-OH-CH is linked 10 its own esterification. The accumulation
of meiabolite subsequent (o db-cAMP or isoprulereinol treatment as a result of acyi-CoA:cholesierol acyl tiansferase acuvation is discussed.

Oxysterol; cAMP; lsoproterencl, Transformed celi; Cyloloxicity

1. INTRODUCTION

Cyclic adenosine monophosphate (¢cAMP), a second
messenger discovered by Sutherland et al. [1], is gener-
ated from ATP by the membrane-bound adenylate
cyclase [2] which is activated when GTP binds to G
proteins [3]. A key mechanism mediated by cAMP is the
activation of protein kinases which in turn cataiysc the
phosphorylation of seryl or threonyl groups of some
proteins in the target cell; this process leads to the moed-
ulation of activity of important polypeptides such as
acelyl coenzyme A carboxylase, 3-hydroxy-3-meth-
ylglutaryl-CoA reductase [4] and kinase kinase [5]. Dur-
ing the last decade, the regulaiion of the eytosolic neu-
tral cholesteryl ester hydrolase (NCHE; EC 3.1.1.13) by
c¢cAMP is well documented [4). For exainple, Hajjar [4]
und Middleton [6] have demonsirated that prostacyclin
and forskolin which increase the intracellular cAMP
level in cultured smocih-muscle cells from bovine tho-
racic arleries and in human vascular smooth-muscle

3

Correspondence address. M. Mersei, Laburniviie de Meurobiclogic
Moléculaire des Interachions Cellulaires, Centre de Neurochimie du
CNRS, 5 rue Blaisc Pascal, 67084 Strasbourg Cedex, France.

Published by Elsevier Scieice Publishers B V.

cells activate also NCHE, probably via NCHE phos-
phorylatien. In this context, Hajjar [2] and Onali et al.
{7} have shown that short peried incubation of arterial
smooth muscle cultured cells with isoproterenol in-
creuases the intracellular cAMP level and NCHE activity
whereas the opposite was found for long time incuba-
tion. The oxygenated derivatives of cholesterol, known
commonly as oxysterols, have been demonstrated to
have inhibitory effects on cholesterol biosynthesis, to
meadify some immunclegical responses and to enert
Loxic effcets on high proliferative or tumor eells in vitro
and in vivo [8]. Recently, we have demonstrated that
768-hydroxychelesterol (78-OH-CH) which is not pres-
ent in cultured nerve cells, is lethal to spontaneously
transformed cell lines (transformed cells) derived from
neonatal rat astrocyte primary cultures (normal cells)
[9). Further investigations indicated that 74-OH-CH is
esterified via acyl-CoA:cholesteral acyltransferase
(ACAT) on C-3-OH by fatty acids; we have also demon-
strated that this metabolite (met) is implicated in 78-
OH-CH cytotoxicity [9,10]. These findings prompt us to
elucidate whether the accumulation of met is a conse-
quence of NCHE inaptitude to hydrolyse met. Dibu-~
tyryl-cAMP (db-cAMP) or isoproterenol were used in
order to modulate NCHE activity via the variation of
intracellular cAMP. We take also advantage of this
model to demonstrate that the cytotexic effect of 7f5-
OH-CH is linked to met formation,
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2. MATERIALS AND METHQODS

2.1, Symthesis of [PHI7E-0H.CH

Microsynthesss of ['H]78-OH-CH using [*HJCH (40-60 Ci/mmuol,
Amersham, UK), was earried out vccording to Rong [11] exeept that
(1) 78-hydroxycholesieral-3-acetate was abluined by the reduction ol
7-keto-cholesterol-3-acetute with MaBH, (Aldrich, USA) dissalved in
H.0O (pH 8.0) and CeCl, 7HO (Jansen, Belgium) in methanol/tetraliy-
drofuran (1:1, vv), and (1) the hydrolysis of 78-livdroxycholesterol-3-
acetate was performed in 1 N NaOH methanohe solution. The [nal
rudionctive product was extragted in CHCl,, purified and 1ecovered
by silica gei thin-layer chromatography (TL.C} as previousiy deseribed
{91 The structure and purity of' the synthesized mntermediary and (inal
products were checked by gas-liquid chromatography (GLC) coupled
to mass spectrometry (MS) as described previously [12]. Mass specira
reveualed the typlenl molecular peaks of 7-keto-cholesteryl-3-acetute
(M = 442) and 74-OH-CH (M = 402},

2.2 Cell cultures

Spontaneously trunsformed cell lines were oblained from neonalal
rat brin asteeeyte prunary eultures by repelitive subculturing as de-
seribed previously [13]. Brielly, passages were oblained with 0.03%
trypsin (EC 3.4.21.4; from bovine pancreas, Sigma, USA) in 0.04%
Tyrode KCI, Tha harvested cells were seeded at o densily of 200 % 10°
cells in 35 mm diameter culiure dishes (Faleon, 3001, USA). Culture
medium (2 ml, Dulbeezo'’s modified Eagle’s medium, DMEM, Gibgo,
MY, USA) was suppleme.ied with 10% foetal calf serum (FCS, Gibeo)
and cells were grown in a 95% /5% CO, atmosphare al 37°C To
each subcullure, a passage number (Pn) was auributed. The cells were
observed with a Nikon phase contrast microseape (Jupan) and e cell
viability resied by the method of exelusion of Trypan blue dye at a final
concentration of G 95% i 9% WaCl. The cell number was determined
ds described previously [14].

2.3, Trearment of celis with 73-OH-CH and db-cA M P or 1soproterenst

The cells. 1 day i culture (DIC), were meubated with 0.5 mM
db-cAMP (Sigma, USA) for 24 h and then trealed either with 30 g™
78-OH-CH (Sigma, USA} in 8 ul ethanol solution and 25 4M
[“*Clstearate (["C]18:0) (60 mCvimmol, Amersham, UK) or with
['H}78-0H-CH mixed with 30 4M non-radioactive 78-0H-CH Aller-
nately, after incubation of 2 DIC-trunsformed cells with 75.0H-CH
and [MC]18:0 for 4 h, 150 4M of isoproteranol (Sizgma, USA) in 20 ul
ethanolic solution was udded. ["*C]18:0 waus added 1n order 1o label
78-hydroxycholesteryl-3-esiais,

24, Determination of db-cAMP

The eultures were rinsed twice with 9% NaCl. and the cells har-
vesled by means of a rubber policeman, in 500 #1 | N perchloric acid.
Alter homogenization and centrifuganon (2,000 % g far 5 min), the
supernatant was neuttalized with KiCO, and ceninfuged again
cAMP contained in the final supernatant was deleimined with a
cAMP kit assay (TRE 432, Amersham, UK),

2.5, Lipud extraction and radioactive steroid analysiy

The cells were harvested 1n 9% NuCl and lipids exiracied according
to Folch et al. [15] Subsequent to TLC chromatography [9] and
exposure of the TLC plates 1o iadine vapors, areas corresponding to
met ar chelesterol esters (CHE) were seraped in 500 ¢l H,0, dissolved
in 5 ml seintlluior (Biofluor, NEN, USA) and counted in a seinulla-
tion counter (United Technicologies Packard TriCarb 4000 seres,
USA). In some experiments tha radionctive compounds were delected
by autoradiography as previously reporied [10,12},

2.6, Farty acid analysis

Alier TLC chromatography, areas corresponding to met were
seraped and extracted with chloroform/methanol (21, v/v) and the
organic phase centrnfuged and evaporated under a nitrogen stream.
The residue was submulted to BF -catalyzed methunolysis according
to Morisson and Smith [16] and the fatty acid methyl esters analyzed
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by GLC as deseribed previously [9] Analysis of radioactive latty
methyl eslers was cuarried out on a packed GLC-column (184 DEGS
on ¢hromosorb 80/100 WAW, Supeleo, USA) using # DELST 120 FL
gas chromatograph (France) equipped wuh u 1/7 spht, The column
temperature and those of the injector and detector were 250°C,

27, Determination of chalesieryi-3-esters ana 73-hydroxypcholesizryl-
3-esters fipdrodrsis

{"C)18:0 was «dded to 2 DIC cultures for 24 h Cultures were rinsed
twice with DMEM and then ineubated either with db-cAMP or iso-
prolerenol 1n DMEM winch did not ¢ontain FCS according to Slotie
et al. [17]. Cells were harvested at appropriate times, lipids extiacted,
chromalographed and radioactivily assocluted with CHE counted
Sinee treatment of the cells with db-cAMP or noproterenol enhance
drastically 78-OH-CL cyloloxiaty, 2 DIC cultures weie incubated
with 10 4M 75-OH-CH and ["*C]18.D, rinsed with DMEM aler 24 h
and incubated with db-cAMP or isoproterensl in DMEM containing
5% FCS.

3. RESULTS AND DISCUSSION

We have shown that the cytotoxic effect of 76-OH-
CH to the wransformed cells is propertional to intracel-
lular met concentrations [1G]. Levels ol met were meas-
ured by addition of ['**C]1 8:0 and 74-0H-CH to the cells
and control experiments indicated that (i) 18:0 daes not
modify the 78-OH-CH uptake, (ii) almost all of de novo
synthesized met is 78-OH-CH-3-["'C]18:0 [10]. Since the
aim of this work was to study the effect of cAMP on met
hydrolysis. it was essential again to check that cAMP
does not change the uptake of 78-OH-CH and the fatty
acy| profile of met.

The fatty acyl pattern of met formed in db-cAMP-
treated cells (P88, P23 and P00} was similar to that
found in the non-treated one (i.e. 6% for 14:0, 38% for
16:0, 6% for 16;1, 31% For 18:0, 14% [or 18:1 and 3%
for 18:2), Discrepancies in 18:0 and 18:1 content be-
tween this set of experiments and previous ones (14%
for 18:0 and 27% for 18:1) {9] may be atiributed to
differences in culture age (3 DIC versus 8 DIC) and in
the surface of the culture subsiratum (35 mm diameier
culture dishes versus 80 mm). Changes in fatty acid
profile from one batch of FCS to another may also
explain this divergence. Treatment of the cells with
[*H}78-OH-CH, autoradiography and counting the la-
belled sterols indicate that neither db-cAMP nor iso-
proterenol modified the uptake of [MC]18:0 and the
label distribution among the main lipid classes. The
data indicate also that 78-OH-CH was essentially ester-
ified by [""C]18:0 and that the uptake of 78-OH-CH is
not modulated by db-cAMP or isoproterenol.

We further checked the influence of db-cAMP, iso-
proterenol and 74-QH-CH on intracellular cAMP lev-
els; Table [ shows Lhat subsequent to dbcAMP or iso-
proterenol incubation for 24 h, intracellular levels of
cAMP raised 3-fold and diminished 2-fold respectively.
With respect to isoproterenol, the intracellular cAMP
leve] increased 3-fold after 15 min, thus our observa-
tions are in agreement with those of Hajjar [2) and Onali
et al, [7] which demonstrate a fast activation of adenyl-
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ate cyclase, followed by a high hydrolysis of cAMP,
Addition ol 78-OH-CH (30 M) to the transformed
cells reduced 4-fold the cAMP content and, as expected,
isoproterenol could not modulate the level of cAMF
(Table I). We have demonstrated that 30 uM 74-OH-
CH modifies the plasma membrane fluidity as well as
the cholesterol/phospholipids ratio [18). Since adenylate
cyclase is sensitive to the compositional and dynamie
microenvironment, we may assume thau 78-OH-CH af-
fects this enzymatic activity. In contrast, 75-OH-CH
does not affect the amount of cAMP when the cells were
preincubated with db-cAMP; as with control cells, the
level increased markedly (Table 1). In compalison to
only 75-OH-CH-tieated cells, met biosynthesis and cel-
lular death increased significantly (2.5- and 2.0-fold,
respectively) when cultures were also incubated with
di-cAMP or isoproterenoi (Table !).

These data, which demonstrate the relationship be-
tween 78-OH-CH cytotoxicily and met biosynthesis, in-
cited us to examine whether the increase in met acoumu-
lation subsequent to cAMP or isoproterenol addition is
due to ACAT activation or to NCHE inhibition.

Fig. 1A shows that db-cAMY or isoproterenol slows
the rate of apparent CHE hydrolysis in P111 and P112
(5 pmol/h, 3 pmol/h and 2 pmol/h for control, db-cAMP
and isoproterenol-treated cells, respectively). Incuba-
tion of sister cells with 10° ¢pim TLC-purified tritiated
CH {40-60 Ciy/mmo}, Amersham, UX) in 20 ¢l ethanolic
solulion and subsequent incubation either with db-
¢cAMP or isoproterenol revealed a similar picture; thus,
we assume that the decrease in {"*C)18:0-labelled CHE
is caused by the hydrolysis of C-3 ester function. In
contrast, when cells (P11 and P112) were also treated
with 78-OH-CH, db-cAMP or isoproterenol acceler-

Table T

Effect of dibutyryl-cAMP and isoproterenol! on inirmeellulin cAmb
level and on 78-OH-CH esterification®, and eyloloxgily. in spantane-
ous transformed glial cell lines
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Mode of Creterminutions
ireaiment
cAMP®  76-OH-CH-3-esler  Percent of

(pmol/mg  (epm/mg prolein) cyloloxicity’

pratein)
Conltrol 9+ 6 - -
db-cAMP* 110 £ 10 - -
lpr 4 4 - -
74-OH-CHs 10+ 3 70%x10° = 15x10° 36
73-OH-CH+db-cAMP 143 £ 10 180 10° £ 25 x 10° 93
73-OH-CH+pr I+ 4 175% 108 225 % 10? 89

The ¢ells were treated as described in Section 2 “7f-hydro-
xycholesterol-3-aster; “eyclic adenosine menophesphute; <10° epm re-
present 19 pinol of 78-OH~CH-3-esler; Yeapressed as percent decrease
of protein and DMNA which were determined nccording to Lowry et
sl (22] and Burton {23], respectively, “db-cAMP: dibutyryl cyche
AMP, " pr: zoproterenol; #775-OH-CH: 78-hydroxychalesterol. These
values are means of dupheates lor 3 independent delerminations,
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ated radioactive met degradation (Fig. 1B) (0.6 pmol/h
and 0.3 pmol/l: fur cells treated with 73-OH-CH or with
78-OH-CH and db-cAMP or isoproterenol, respec-
tively}. In comparison to the kineiics of CHE hydrolysis
in contro) cells (Fig. 1A), 768-OH-CH-treated cells re-
vealed (Fig. 1B, insert) a lower extent ol radioactive
CHE biosynthesis (3-fold) and hydrolysis (2-fold) as
well as the inapiitude of db-cAMP or isoproterenol to
significantly reduce the rate of apparent CHE hydroly-
sis, These observations may be explained by the fact
that LDL coniained in FCS activate ACAT and ex-
ogenous CH uptake, on the one hand, and that met
competes with NCHE activity, on the other hand. We
should keep in mind that studies dealing with the rela-
tionship between cAMP levels and NCHE activity were
essentially carried out on homogenates whereas a few
reports relate the same relationship in entire cultured
cells [19]. Therefore, as proposed by other authors, we
may assume that in our biological model cAMP stimu-
lates both NCHE and ACAT activities and therefore
our results express the net CHE hydrolysis,

With respect to 78-OH-CH which is converted to met
in the endoplasmic reticulum, we suppose that the asso-
ciation between met, NCHE and cAMP is not Lhe same
as for CHE which is formed as lipid droplets; thus, it
is possible that, at the endoplasmic reticulum interface,
minute guantities of cAMP only interact with NCHE
and hence activate NCHE as expected. Indeed Stephens
and Schroepfer [20] have observed that neutral 15-
ketosterol oleate hydrolase activity was essentially pres-
ent in the microsomal fraction of liver homogenale,
whereas neutral cholesteryl oledte activity was present
in both cytosolic and microsomal fraction, and thus
only the level of cAMP in the endoplasmic reticulum
modulates met hydrolysis. The concept of intracellular
segregation of cAMP was also elaborated by Hollenga
et al, [21]. The mechanism of action of f-adrenergic
compounds on NCHE activity seems actually intricate,
since Bernard et al. [i9] have observed that the
increase of cAMTP subsequently to epinephrine treat-
ment failed to stimulate NCHE. In this context we sug-
gest that isoproterenol acls in a differeat manner to
cAMP; isoproterenol constituied of a bulk of carbon-
cyeles substituted with hydroxyl functions may by itself
madalate NCHE activity.

In summary, this is a first report demonsirating that
db-cAMP and isoproterenol affect the net cholesteryl
esters and 75-hydroxycholesteryl-3-ester hydrolysis in
different ways in our biological model. In spite of the
enhanced hydrolysis of met in the transformed cells by
db-cAMP or by isoproierenol, these compounds in-
crease markedly the intracellular level of met. These
observations suggest that eithe: «.\MP, and isoprotere-
nol. or 75-OH-CH activate(s) ACAT activity. This
work demonstrates also Lhe proportionality between 758
QH-CH cytotoxicity and the level of intracellular 74-
hydroxy-cholesteryl-3-gster.
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Fig. 1 Effect of db-cAMP and isoproterenol on cholestercl ester (CHE; panel A} and 78-hydroxycholesteryl-3-ester (MET; panel B) hydrolysis;
insert B: Rate of CHE hydrolysis. The cells were treated as described in Section 2. (@) Control; (m) db-cAMP, (a) isoproierenol, These vilues ure
means of triplicates for 2 independent determinations.
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