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The correlation between the lethal effect of 7-hydroxychelesterof (7O H-CH) an spantancously trunsformed cell lines derived from eut astrocyte
primary cultures (normal eells) and de novo cholesterogenesis was investigated. Both 74-OH-CH und 7-kela-CH were nat eylatoxie on normal
cells but 7-OHCH affected markedy the viability of the trunsformed eclis. The use of [MClacetate or [*Clmevalonute indicuted thut 7-keto-CH
inhibits de novo cholesterogenesis upstream af 3-hydroxy-3-methylglutaryl CoA reductase (HMGR) in hoth eell types whereas 74-OH-CH alse
inhibits downstream of HMGR. The accumulation of two radiolabelled products X, ind X, between mevalonate wnd CH was found in unsiponifi-
able neutral lipids extracted from 74-OH-CH treated transformed cells. HPLC and GC-MS revealed that X, and X, are not lanosterol and 24.25.
epoxylanosierol, respectively. Incubation of the tennsformed cells with X, and X; did not ufiect their viability, Our duta demanstrate that, under
ouir experimental conditions, 74-OH-CH cylotoxicity is not linked o the inhibition of de nove cholesterogenesis in cultured glial transformed cells.

Astrocyte culture: 7f-Hydroxycholesierol: Cytotoxicity: Cholesterogenesis; 3-Hydroxy-3-methylglutaryl CoA reductuse

1. INTRODUCTION

The  78-hydroxycholesterol (78-OH-CH) is a
metabolite of cholesterol (CH), present in minute
amounts in human plasma and biliary fluid [{,2] and
secreted by rat liver epithelial cell lines [3]. In vitro
studies have shown that 78-OH-CH exert a cytotoxic
activity on proliferating. and tumoral cells (for review
see [4]) such YAC-1 and RDM-4 lymphomas, HTC
cells, ZHC cells, heart fibroblasts and liver epithelial
cells [5~8].. The lethal effect consisted either of rapid
lysis or loss-of adhesion and ‘necrosis’ of the cells.

With regard to the action mechanism of this com-
pounds, two hypotheses prevail: (i) the incorporation of
78-OH-CH in the plasma mermnbrane of transformed
and tumoral cells may affect its fluidity, function and
stability [9]; (i) 78-OH-CH, as other oxysterols, in-
hibits 3-hydroxy-3-methylglutaryl-CoA reductase ac-
tivity-[10} and thus affects de novo cholesterogenesis re-
quired for cell proliferation at Gl and/or M phases
[11,12]. ‘

“Recently, we have demonstrated that 78-OH-CH was
cytotoxic to spontaneously transformed cell lines deriv-
ed from neonatal rat astrocyte, but not to the mother
cells [13]. Further investigations -indicated that the
decline jn plasma membrane CH/phospholipid (PL) is
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not the unique cause of 78-OH-CH cytotoxicity. We
have also demonstrated that the transformed cells
esterified 73-OH-CH on C-3-OH by naturally occurring
fatty acids and that the extent of esterification cor-
relates with the degree of 78-OH-CH cytotoxicity
[13-15]. However, the effect of 78-OH-CH on de novo
CH biosynthesis in ourbiological ‘model remained
unclear and thus, the relationship between 78-OH-CH
cytotoxicity and CH biosynthésis pathway has been ad-
dressed in this report. ‘

2. MATERIALS AND METHODS

2.1, Primary cultures of astrocytes (normal cells)

Astrocyte primary cultures derived from neonatal rat brain
hemispheres were obtained according to Sensenbrenner et al, {16).
The cells were seeded at a density of 2x10% on 35 mm diameter
culture dishes (Falcon 3001, USA). Culture medium (2 ml) (Dulbec-
co's Modified Eagles, DMEM; Gibeco, Grand Island, NY) was sup-
plemented with 10% fetal calf serum (FCS; Gibco). Cells were grown
in a 95% air/5% CO; humid atmosphere at 37°C and medium was
changed at 5'days intervals, )

2.2, Spontaneousty transformed cell lines (transformed cells)

Spontanecously transformed cell lines were derived from the
primary cultures by repetitive subculturing as reported previously
[17]. To each subculture-a passage number (P) was attributed and
P101, P102, P103, P10S, P106and P117 were obtained by trypsiniza-
tion of the confluent previous passages with 0.05% trypsin and 0.04%
Tyrode-KCl, The harvested cells were seeded at a density of 10x 10*
cells per 35 mm culture dishes in DMEM containing 10% FCS. Cells
were grown as described for the primary cultures.

Published by Elsevier Science Publishers B. V.



Volume 280, number 37

1.3, Morphatogical studies and vell vinbilicy

Cally tremted with Thete-cholevierel (BhaunCHY or with 7804
CH were obyorved whtl g Niken plapecanirait micrawopd sind
phatographied witly & Niken camera. The cell viability was 1ested by
the rypun blue methad and the ¢ell number was Jetermined v
previousiy deeribed {14).

2.4, Effect of Tketo-CH and 38:0M-CH an Fhydrogy-Ymeihyl
glirtaryt Cast reductase EHMCR) activiy

Growing or confluent el cultures (1Y or 19days in euliure for nor
mal cells, respectively, dnd 2 or § days (5 eulture for lraniformed
celly, rexpectively) were treated with 30 M T-kero-CH (Sigma, USA}Y
or 30 5M 23:0F-CH (Sigma, USA)Y dinsolved [n & pd ethanol. Alter 24
I, ¢ell were incubated either with 30 k€1 of yvadium [2-14CJacetate (83
mCimmol Amensham, UKY in 106 ul H:O or with 3 xCl of DL
dibenaylethylendiamine [2-"Clmevalonate (4 mCizmmol; Amer
sham, UK} in 100 pl NaCl 9% for 3 I, Cells were washed with 9%
NaCl, derachied from the culture substritum by medns of o rubber
policeman and submitted for radieactive steroldx analysix, When ¢x-
periments were underiaken for detecting radioactive accumulition
products between mevalonate and CH, vansformicd ¢ell cultures were
incubared with 1 xCl (2:"Clmevalonate for 16 h.

2.5, Lipid extraction and radioactive steroid analysiz
Lipids were extracted according to Foleh et al. [19) and submitied
to bidimensional thin-layer chromatogruphy (TLCY on precoared
siliea 60 plates (Merek, Germany) and ta autoradiography as reporied
previously (13,20). Silica gel areas corresponding to the radioactive
spots were scraped in 500 uf of H:Q, dissolved in 10 ml scintillator
(Biofluor, NEN, USA) and counted In a'seintllation counter (United
Technologies Packard Tri-Carb 4000 series, USA). For the detection
of radioactive metabolites accumulating downstream of HMGR, the
lipids were extracted in the presence of 0.08% butylated hydrox-
yioluene and submitted to saponification in 0.2 ml of a 0.5 M NaOH
ethanolic solution for 30 min at 60*Cy 0.2 ml of HO was added and
_the unsaponified lipids extracted twice with 1 ml of hexane, The
organic phas¢ was washed with 0.8 ml of 48% ethanel containing 0.23
M. NaOH and evaporated under a nitrogen stream, The dry residue
was submitted 0 monodimensional TLC; the solvent system was
petroleum ether (b.p. 40-60°C)/acctone(8:2 v/v).

2.6, HPLC

HPLC (Waters Associates) was parfoxmtd with 2 5 um silica
lichrosorb reversed-phase column (3.9 mm x 15 cm) using methanal
(Merk, Germany) as eluent with a flow rate of 1 ml/min and a
pressure of 1000 p.s.i. The labeled compounds were detected at 220
nm by a Spectrachrom 100 spectrophotometer (Spectra, USA) and by
a Flo-One counter (Radiomatic Instruments, USA) coupled to the col-
umn output. Retention times of 25-OH-CH (Sigma, USA), 7-keto-
CH, 24,25-¢poxylanosterol- (a generous gift from Dr F. Schuber),
desmosterol (Sigma, USA), lanosterol (Sigma, USA) and CH (Sigma,
USA) were 2.10,-3.10, 3,10 and 6,50, 7.55 and 9,05 min, respectively.

2.7, GC-MS spectrometry ,

Mass spectra were obtained on a GC-MS (Finnigan-Mat, Model
4021, USA) operated in the electron impact mode with.an ¢lectron
energy of 70'eV, Injector, separator, transfer line and ion source
temperatures were 300, 270,270 and 250°C respectively. Gas
chromatography was performed with a 25 m-(0.32 mm internal
diameter) fused silica capillary column coated with-SES4 liquid phase
(Film 0.2 um, methylsilicone). Helium N55 grade (Air Liquide,
France) was used at a pressure of | bar as carrier gas. The column
temperatuxewas 220°C for 0,1 min, programmed from 220 to 290"
samples were 1n,|ected using a ROS moving needle i mJech The injec-
tion solvent was chloroform and samples were eluted free from con-
taminants at 245°C,

Protein determination was performed according to Lowry et al,

[21].
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3L Cytetoxic effect of 75-OH-CH on  cultured.
trangformed cells

Neither the viabllity, nor the overall morphology of
13 and 19 days cultured normal cells were affected by 30
aM 78-O0H-CH. In contrast. this treatment affected 2
days in culture transformed cells: after 24 heell bodies
retracted progressively and, after 48 b started to detach
from the culture substratum {cell number and protein
content were reduced by 60%). The lethal effect was
delayed by 24 h when 5 days in culture transformed cells
were treated with 30 uM 78-OH-CH. Replacement of
78-OH-CH by 30 uM 7-keto-CH was not lethal on both
normal and transformed cell types. This model which

“elemonstrates that neither 78-OH-CH, nor 7-keto-CH

are cytotoxic on normal cells and that 78-OH-CH ex-
clusively affected the transformed cells allowed us to'in-
vestigate the relationship between 73-OH-CH cytotox-
icity and cholesterogenesis blockage.

3.2. Effect-of 78-OH-CH on HMGR activity

Endogenous HMGQR activity was assayed by
evaluating the: incorporation of “either radiolabelled
(“Clacetate (upstream of HMGR) or ['*Clmevalonate
(downstream of HMGR) in de novo synthesized CH;
the difference in percent inhibition of radioactivity in-
corporated in CH between cells incubated either with
the former or with the latter radioactive precursor
measures the extent of HMGR activity inhibition, Con-
trol experiments indicated that the extent of [**CJace-
tate and ['*Clmevalonate uptake in the total lipid ex-
tract, which.reached a plateau and 2 h incubation, ‘was
not modified by the addition of 78-OH-CH and 7-keto-
CH (7% and 0.2% of the added radioactivity for
acetate and mevalonate, respectively). It is noteworthy
that incorporation of [**CJacetate and ["*C]mevalonate
in CH by dividing transformed cell cultures was about
3-4-fold higher than when the cultures reached con-
fluency (legend to Table I).

Table I shows that treatment of normal, d1v1dmg and
quiescent-cells, and of dividing transformed cells with
30 uM 7-keto-CH reduces essentially the incorporation
of [**CJacetate in CH. In contrast to 7-keto-CH, 73-
OH-CH affects the incorporation of both [**Clacetate
and ['*C]mevalonate in CH; however, the extent of in-
hibition of label incorporation in CH is higher when the
cells were incubated with [’4C]acetate than . with
[“C)mevalonate (Table I). It is noteworthy that for
confluent transformed cell cultures both 7-keto-CH and
78-OH-CH act in a similar way: the percent inhibition
of ["*Clacetate incorporation in CH was equal to that
of ['*CImevalonate.

These findings indicate that (i) 7-keto-CH and 18-
OH-CH inhibit de novo CH synthesis in normal and
transformed cultured glial cells, (ii) 7-keto-CH acts
mainly at HMGR activity step whereas 768-OH-CH af-
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Tabie 1
{nhibition ot v.te nove chelevterol Bieynthews [ el astradyte primary eultures and dezived spontanassly trimlonmed vell lum treated vither with
. T OH. C'H ar 7vkem:¢'H

THOH-CH (20 1M Tketo-CH (30 4N

M€ [(MCimevatenare  |"Clacaime VI‘\’QI_’(W‘“_“?&&W‘
REC 98, - 6Oy Y09y 209,
Normal ¢eblv (a) ‘
e v 6%, Y. F3%
‘ TA -} L T 90 230
Transtormed cells (B) ‘
€ an 5% _B0% o uome

The cells were treated ay deseribed in Materials md \mhmh angl mc datn h cwprmcd s pﬂ‘wﬂl inlﬂbinun ar mdmaeuvliy rmmd in v.lmlmcm)
The radiactivity (¢pmsmg proteiny found in CH extracied From ¢ontrols was 7000, 9300, 19462 and 7100 for normal; dividing and confluen,
cultures and transformed, dividing and conftuem, cultures respegtively when treated With [MC)acetates in the case of [MC)mevalonate the radioac
tivity found in CH was 700, 1050, 3200 and 620, respectively. (W) Normul celts ereaved w13 and 19 days i cuhure, (h) Transformed eells réaied
ar 2 or 3 days in culiure (P02, P10 and P10OS). DC = dividing eultures; €C = confluent eultures; THOH-CH = 78hydroxyeholenerol T-keto-
CH = T.keta-chalesterol, Thcse values are means of two independem determinadons for normal cclh nnd three for transformed eells carried out

in duplivate, for which standard ¢rrory s 10%,

fects also cholesterogenesis downsiream of HMGR,
Thus we may infer that 73-OH-CH cytotoxicity does
not correlate with cholesterogenesis inhibition since (i)
7-keto-CH and 78-OH-CH do not alter the develop-
ment of the cultured normal cells but inhibit CH
biosynthesis, (ii) 7-keto-CH which is not lethal to
transformed cells inhibits CH biosynthesis.

3.3, Effect of 78-OH-CH downstream of HMGR
activity in the transformed cells

downstream of HMGR in transformed cells (Table 1),
we have concentrated on the accumulation of radioac-
tive metabolites” between - mevalonate  and CH.
Autoradiography of TLC plates revealed the presence
of two radioactive compounds (X; and Xa) when
dividing transformed cells were treated with 78-OH-CH
and incubated with [*C]mevalonate. Treatment of the
transformed cells with 7-kete-CH did not show a
significant accumutation of X, and Xa (Fig. 1). The Ry
of X, corresponds to lanostero! whereas that of Xa is

Since 7B-OH-CH .inhibits also CH biosynthesis slightly lower than that.of 24,25-epoxylanosterol (Fig.

STD

1A B 2A 2B 3A 3B,

Fig. 1. Autoradiography of '*C-radiolabelled unsaponifiable neutral lipids extracted from dividing transformed cells {A: P106; B: P117) treated

either with 78-OH-CH (lane 1) or with 7-keto-CH (lane 3) and with ["*C]Jmevalonate as described in Materials and Methods. The chromatogram

was exposed to X-ray film for 4 days. (Lane 1A) 12 000 cpn; (lane 1B) 15 000 cpm; (Janes 3A) 11 000 cpm; (lane 3B) 11 000 cpm. Lanes 2A (30 000

cpm)and 2B (32.000 cmp) represent the autoradiography of the extracted, and chromatographed, unsaponifiable neutral lipids from cells treated
with ["*Clmevalonate only. STD = standards; L = lanosterol; EL = 24,25-eposylanosterol; CH = cholesterol,
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13, In the case of confluent transformed cell eultures,

the extent of X, .and Xz in control, 73-0OH-CH, and

T-keto-CH treated cells was similar and low, HPLC and
GC-MS analysis indicate thar X, and X; are not elured
ay lanosterol and 24,25-epoxsylanosteral. The retention
times under HPLC analysis are 4,10 min for X, and

4,45 min for X, whereas it is°3.10 min and 7.55 min for

lanosterol and  24,25-¢poxylanosterol, respectively.
Under GC-MS analysis, Xy iy eluted at 8.38 min and
shows a major peak (m/e: 315y whereas lanosterol is
eluted at 20,22 min with a characteristic malecular peak
(nse: 426), Thus X, and X: seem less polar than
lanosteral and 24,25-epoxylanosterol under our ex-
perimental HPLC and GC-MS conditions.

These observations raised the question whether X,
ar/and X are implicated in 73-QOH-CH cytotoxicity.

Extraction of X, and X from the silica with
chloroform/methanol/water (5:5:1 v/v) and incuba-

tion of the cultured cells with amounts of X; and Xa
(dissolved in 8 ul ethanol) which were equivalent to
those synthesized by a same quantity of cells did not
altcr their viability.

4. DISCUSSION

Astrocyte cultures -provide a valuable system for
‘testing the eytotoxicity of 78-OH-CH and elucidating
its action mechanism since tlm c.ell Lype possesses a pro-
liferative potential which ’
pathological processes such as reactive gliosis and the
production of glioblastomas. We took advantage of the
fact that neither 78-OH-CH nor 7-keto-CH are cytotox-
ic on the normal cells, on the one hand, and that, onthe
other hand, 738-OH-CH -exclusively “affects the
transformed cells for examining the correlation between
78-OH-CH cytotoxicity and inhibition of de novo
" cholesterogenesis. We focus particularly on HMGR,
the rate-limiting enzyme of the sterol synthetic
pathway, which catalyzes the conversion of HMG-CoA
to mevalonate,

Our - results indicating a  high level of
cholesterogenesis in cultured dividing celis and the in-
hibition of de novo cholesterogenesis by both 75-OH-
CH and 7-keto-CH agrees with the findings of other
authors [22,23]. We have also demonstrated-a differen-
tial action of 78-OH-CH and 7-keto-CH on CH- biosyn-
- thesjs: 7-keto-CH acts-on HMGR activity whereas 73-
"OH-CH affects also the pathway downstream of

HMGR. Interestingly enough, that 78-OH-CH and
7-keto-CH affected CH biosynthesis downstream of
HMGR activity in confluent transformed cell cultures
may beattributed to the dynamic and physical state of
~.the cultures growing as layers overlapping one another.
Nevertheless, our findings demonstrate ciearly that cot-
relation between oxysterol cytotoxinity and-de novo CH
biosynthesis could not be establishcd, Maltese et al. and
Langan et al, have shown the relationship between
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sterol blosynthetic pathway and. DNA synthesis and
eellular proliferation in developing normal and tumoral
astroeyte cultures [11,24); however, differences in the
biological model as well as in the eulture conditions
should be kept in mind. This may also explain the fact
that 25-OH-.CH-cytotoxicity on €6 cells corresponds to
the decline of membrane CH/PL [24] whéreas the
¢ytotoxicity of 78-OH-CH on our transformed cells
does not always correlate with CH/PL decrease [14].
Our model also seems useful for investigating the effect
of oxysterols on HMGR activity; recently, Shaw et al.
[25] have reported that the use of . human
hepatoblastoma cell line (Hep-G2) may not be the ap-
propriate cell system for studying the inhibition of
HMGR activity by CI1-98{, BMY-21950, lovastatin,
pravastatin and fluvastatin,

The use of ['*C]mevalonate com.omuamly with 73-
OH-CH or 7-keto-CH revealed the accumulation of

. two radiolabelled compounds downstream of HMGR

activity in transformed cells treated with 78-OH-CH
only. In spite of Ry values similar to lanosterol and "
24,25-¢poxylanosterol  according to TLC and
autoradiography, HPLC and GC-MS indicated that X,
and X, arc not lanasterol and 24,25-epoxylanosterol,
respectively. Gupta et al, {26] have demonstrated that
the incubation of [EC-6 cultures with ketoconazole in-
hibits HMGR activity with- the accumulation of
lanosterol and 24,25-epoxylanosterol. Treatment of
dividing transformed cells with X, and X; did not affect
Moreover, treatment of confluent
cultures with 78-OH-CH affected the cellular viability
whereas X; and X; accumulate faintly.

These data which demonstrate the inhibition of de
novo cholesterogenesis downstream-of HMGR activity,
exclude the involvement of this phenomenon in the
cytotoxic action mechanism of 73-OH-CH, These fin-
dings together with our previous report [15] strengthen
the hypothesis that the esterification of 73-OH-CH on
C-3-OH by Acyl-CoA; cholesterol actyltransferase ac-
tivity (ACAT) in the transformed cells, is directly linked
to the cytotoxic effect of 78-OH~CH. The fact that the
esterification of 78-OH-CH occurs in the endoplasmic
reticulum (ER) since ACAT is localised in this
orgarnelle, prompted us to study the effect of 78-OH-
CH and/or of 78-OH-cholesteryl-3-esters on ER key
functions, - such as protein glycosylation. Our
preliminary results (data not shown) indicate that treat-
ment of transformed cells with 78-OH-CH reduced
markedly the labelling of membrane proteins recogniz-
ed by cerebellar soluble lectin (CSL), a lectin specific to
mannose-enriched glycan residues [27]. In contrast,
when cells were treated with 7-keto-CH or with 78-OH-
CH and an inhibitor of ACAT, the decrease in mem-
brane proteins labelled with CSL was not. observed.
Since the presence of dolichylphosphate (DP) in ER is
a prerequisite for primary protein glycosylation, on the
one hand, and DP, synthesized downstream of HMG?R?,
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possesses its own regulation in the brain [28,29) on the
other, we may hypothesize that the mechanism of ac-
tion: of 78-OH-CH is linked to ity esterification on C-3
which in turn alters the glycosylation process of some

native peptides on ER. Experiments are now underway

to examine this possibility.
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