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Effects of Prostaglandin and Leukotriene
Inhibitors on the Growth of Human Glioma
Spheroids

Istvan Gati, Mats Bergstrom, Goran Westerberg, Katalin Csoka, Carin Muhr
and Jorgen Carlsson

Established cell-lines of human glioma erigin were cultured as multicellular spheroids or as monolayers. Volume
growth and *H-thymidine labelling were analysed for the spheroids after continuous exposure to drugs interfering
with the release of arachidonic acid and the production of prostaglandins and leukotrienes. Comparative
measurements were made on monolayer cultures. The cyclo-oxygenase inhibitor indomethacin enhanced growth
at intermediate concentrations (0.5-5.0 pg/ml) but reduced growth at 50 pg/ml. The dual cyclo-oxygenase and
lipoxygenase inhibitor ketoprofen had a significant inhibitory effect on growth and cell proliferation of spheroids
at high concentration (50 pg/ml). The weak lipoxygenase inhibitor NDGA (quinone-form) decreased growth
whereas the strong lipoxygenase inhibitor NDGA (hydroquinone-form) did not reduce growth rate but significantly
decreased cell proliferation. Quinacrine reduced the spheroid growth rate although dexamethasone had no
effects. Thus, inhibitors of the arachidonic acid cascade had growth inhibitory effects in the spheroid tumour

model as well as in cells cultured as monolayers.
Eur ¥ Cancer, Vol. 26, No. 7, pp. 802—807, 1990.

INTRODUCTION

THE ARACHIDONIC acid cascade may influence the growth of
malignant tumours and have a role in host defence against
neoplastic transformation [1, 2]. Prostaglandin levels are
increased in human and animal tumour models [2, 3]. Cultured
tumour cells can produce large amounts of prostaglandins
[4-6]. Inhibition of prostaglandin synthesis significantly retards
tumour growth in animal models [2, 7-12]. The interrelation
between different arachidonic acid metabolites and the possible
exchange of metabolites between lymphocytes, macrophages
and tumour cells is intriguing [2, 13, 14]. In vivo, the effects
of prostaglandin and leukotriene inhibitors varies for cells at
different stages of differentiation and is modulated by the cellular
microenvironments [15].

In tumour cell spheroids, effects related to growth in three
dimensions can be studied [16, 17]. The spheroids develop a
central necrosis during growth, probably as an effect of limitation
in nutrition supply and metabolic gradients in pH and oxygen
partial pressure [17—20]. In this system biochemical ‘stress’ may
be induced by substances released from the necrosis, thereby
inducing release of arachidonic acid from phospholipids in the

Correspondence to: Mats Bergstrom, Department of Neurology, Akade-
miska Hospital, S-751 85 Uppsala, Sweden.

Istvan Gati, Mats Bergstréom and Carin Mubhr are at the Department of
Neurology and Goran Westerberg, Katalin Csoka and Jorgen Carlsson
are at the Department of Physical Biology, Uppsala University, Uppsala,
Sweden.

802

cell membrane through the actions of phospholipases. Cell
damage, inflammation, and tissue destruction may initiate the
arachidonic acid cascade [14, 15].

We have examined the effects of different inhibitors of the
arachidonic acid release, as well as inhibitors of the synthesis of
prostaglandins and inhibitors of the leukotriene synthesis in
spheroids grown from three different cell lines of human glioma
origin.

MATERIALS AND METHODS

Cell culture

The human glioma cell lines, U-118 MG, U-343 MGa,Cl; ¢
(called U-343MGa), and U-251 MG, were originally established
by Westermark er al. [21]. All cells were cultured in Ham’s F-
10 medium with 10% fetal bovine serum, L-glutamine (2 nmol/l),
penicillin (100 IU/ml), and streptomycin (100 mg/ml)(Flow).
The medium was changed three times weekly in all studies. The
cultures were kept at 37°C in 5% CO,, pH 7.3.

Spheroid culture

Monolayer cultures were trypsinized and the cells were placed
in spinner flasks with 125 ml medium. The cells were allowed
to form and grow as spheroids for 2-3 weeks before the exper-
iments. After the aggregation and the initial growth phase in
the spinner flasks, spheroids with similar size (diameter 300-500
wm) were selected and transferred to agarose-coated mini-dishes
for liquid overlay culture [22].
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Drugs

Dexamethasone was used as a putative phospholipase-A;
inhibitor at 0.1, 1.0, 10, and 100 wmol/l. The phospholipase-A,
inhibition requires corticosteroid receptors and synthesis of
an inhibitory protein, lipocortin [23]. The phospholipase-A,
inhibitor quinacrine was used at the same concentrations as
dexamethasone. Indomethacin was used for cyclo-oxygenase
inhition at 0.05, 0.5, and 50 pwg/ml, and NDGA for lipoxygenase
inhibition at doses 0.1, 1, 10, and 100 pmol/l. NDGA was used
both in the hydroquinone and quinone form [24]. Ketoprofen,
which is a dual cyclo-oxygenase and lipoxygenase inhibitor [8]
was used at 0.5, 5, 50 pg/ml. All chemicals were purchased from
Sigma.

Drug exposure

The spheroids were placed in non-cell-adhesive, agarose-
coated multidishes, each spheroid in its separate well of 0.5 ml.
Culture medium with the selected concentrations of drugs were
changed three times per week and growth was followed up for
14 days. The spheroids were continuously exposed to the drugs
during this time. For hydroquinone-NDGA, to avoid complete
drug oxidation, the solution was freshly prepared and added
every day.

Five to twelve spheroids were used in each experiment at each
drug concentration. At the beginning of the experiment, the
diameter differences were less than 100 um between individual
spheroids. The spheroids were randomly divided for drug and
control culture. Each experiment was repeated three times and
performed on at least two different cell lines. Monolayer culture
was compared for indomethacin, NDGA and ketoprofen on U-
343MGa cells.

Evaluation of drug effects

Individual spheroids were measured with an ocular scale,
manipulated by a micrometer screw, in an inverted Olympus
microscope three times per week. The volume (V) of each
spheroid was calculated from V = 4/3 7 (ab)'°, where a and &
are minimum and maximum radii measured at right angles.
Relative volume of each spheroid was determined by volume
obtained during the treatment related to volume measured at
the beginning of experiment. Mean values of relative volumes
of different spheroid groups were plotted and compared. Differ-
ences between the treated and control spheroid groups were
evaluated by paired ¢ test.

After 14 days in culture, randomly selected spheroids were
incubated for 20 min with 10 pCi/ml *H-thymidine but without
drugs. All spheroids were embedded in methacrylate and cut
into 2 pm sections [25]. The sections through the centre of the
spheroids were selected for further analysis. Spheroids labelled
with *H-thymidine were processed for autoradiography [26].
Regions were selected 0-100 and 100-200 wm from the spheroid
surface in which the labelling index was calculated as the
percentage of cells labelled with *H-thymidine. The means and
standard deviations of five spheroids of different groups were
calculated, and significance was compared to controls with a
paired ¢ test.

Monolayer cultures

Cells from the cell line U-343MGa were cultured as monolay-
ers with conventional techniques and continuously exposed to
the different compounds. Each monolayer culture was done in
triplicate. The same number of cells were plated at the beginning
of the experiments for drug exposures and for controls. The
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number of cells were counted twice per experiment by Coulter
counter. At the first count the cells were trypsinised, the treated
cells resuspended in drug-containing medium and the untreated
cells in normal medium. Small volumes of suspensions were
used for counting. After counting, the same number of cells in
all groups as at the beginning of the experiments were replated
with drug-containing medium for the treated groups and normal
medium for the controls, to make the appropriate dilutions. At
the second trypsinisation and counting, growth curves were
constructed as if all cells were recovered.

RESULTS
Effects on spheroid volume growth

Figure 1 shows the effects of dexamethasone and quinacrine
on the growth patterns of U-118MG and U-343MGa spheroids.
Although during dexamethasone treatment some variations were
seen between the groups, the graphs of treated groups were
close to control and did not always show the same pattern.
Quinacrine was inhibitory at 0.1 pmol/l and reduced spheroid
size at 10 and 100 pmol/l; under which conditions the spheroids
became dark and lost cells from the surface by the third day of
treatment. Indomethacin increased growth rate at 0.5 and
S wg/ml while at the highest dose, 50 pg/ml, an inhibitory effect
was seen (Fig. 2). Quinone-NDGA inhibited growth at high
dose (100 pmol/l). Figure 3a shows the effects of quinone-
NDGA on U-343MGa spheroids. The hydroquinone form
increased growth, as shown for U-118 MG spheroids in Fig. 3b.
Ketoprofen inhibited growth at the highest dose 50 wg/ml
(Fig. 4).

The effects of these drugs on spheroid volume growth were not
strong but the differences after quinone-NDGA and ketoprofen
were significant compared with controls.
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Fig. 1. Growth curves of spheroids after dexamethasone and quina-

crine treatment. S.D.s were less than 30% of mean values. Significant

differences were shown compared with controls (P < 0.05). Broken

lines indicate measurements disturbed by shedding of cells from
spheroid surfaces.



804

lor (@)
Indomethacin
U-343MGa spheroids
Q
£
2
Q
>
ke
Q
5]
ey
o
n
LY
2
=
Q
T
o
| I
o (b
r( )
U-118 MG spheroids
@
€
=
o
>
© /"’x
I3 I iz
@ x /’/
£ +
% x/ ¢Q4+/
47
2 / #
5 x/ﬁ—-ﬂ/:’-ﬂ—u
& /Q
. I 1 |
104—(c)
U-343 MGa monolayers
A
'03" /
v
s §
(o]
g 0% —+— 0.05 pg/ml
v X 05
2 ) ——— 5
—0— 50
=& Control
0! 1 1 | J
(o] 5 10 15 20
Time (days)

Fig. 2. Growth curves for indomethacin-treated U-343 MGa sphe-

roids (a), U-118MG spheroids (b), and U-343MGa monolayers (c).

S.D.s were less than 30% and 40% of mean values in each point of (a)
and (b), respectively.

Effects on cell proliferation in spheroids

With dexamethasone, no consistent effects were seen on cell
proliferation (data not shown). Labelling indices after exposure
to two representative drug concentrations are shown in Table 1
in one cell line for the other drugs. Despite the growth inhibitory
effect of 0.1 pmol/l quinacrine no decrease in the labelling index
was found; there was even a slight increase in the outer portion
of the spheroids. There were no differences after indomethacin
exposure. Growth was stimulated at intermediate doses, which
might mean that the labelling index increased in the deeper
region. Quinone-NDGA decreased the labelling index in the
deeper region while hydroquinone-NDGA decreased the index
throughout the spheroids. Morphological changes also occurred
(swelling, loosening of cell-to-cell contacts), which probably
explain the lack of volume growth (Fig. 5). Ketoprofen decreased
the labelling index at the peripheral region of U-251MG sphe-
roids, whereas the index in the deeper region increased. The
changes in the labelling indices were significant only after NDGA
(both forms) and ketoprofen treatments.

I.Gatiet al.

| a
or-fa) NDGA
U-343MGa spheroids
@
E
E]
4 -
.'g /+£x
e x
2 /L
a °
@ /x
[ /Y/
>
= 7 e 10umol/L Q
E i’ i
e / —x== |00
/‘ —e=— Control
e L 1 | |
io—(b)
U-118MG spheroids
@
E
3
[=]
>
3 —t
o ~
§ /:/.,.
o P
4 *
1 . A~ |Oumol/L Hq
e X —0— |00 "
T
/ —e— Control
[ ] ] |
10%— (c)
U-343MGa .
monolayers
x
|o3_
'y
» 4
D x
(8]
5 10%— 47 =—+— Qioumol/L
b [ ——x= Q100
£ —a=— Hq 10
2 10 —0=— Hq 100
Control
10° L
0 5 10 15 20

Time (days}
Fig. 3. Growth curves for monolayers and spheroids after NDGA.
Q = quinone (a) and Hq = hydroquinone (b) form. S.D.s were less
than 30% of mean values in each point. (No. of spheroids showing
significantly different curves: 12 control, 11 treated.)

Effects on monolayers

Comparative studies of drug effects were made from growth
curves of U-343MGa monolayer cells. Ketoprofen and NDGA
inhibited the growth of monolayer cultures, except at the lowest
concentrations, and the effect increased with dose. At the
highest concentrations the number of cells decreased with time.
Indomethacin stimulated monolayer growth at the lower doses
whereas the highest concentration decreased the growth rate.

DISCUSSION

We compared monolayer and spheroid cultures because the
development of an extensive extracellular matrix and the com-
pact three-dimensional growth in spheroids might limit the
access of drugs in the deeper regions. In addition, the nutritive
conditions and the exchange between adjacent cells of factors
influencing growth might be different.

In vivo dexamethasone significantly altered the characteristics
of gliomas with a reduction of vascular permeability, a decrease
in peritumoral oedema, and a diminished tumour volume [27,
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Fig. 4. Growth curves for monolayers and spheroids after ketoprofen

treatment. S.D.s were less than 30% of mean values in each point.

(No. of spheroids of the significantly different graphs: 8 control, 9
treated and S control, 8 treated in (a) and (b), respectively.)

28]. However, we found no dramatic effects on the growth of

the spheroids. A possible explanation for this difference could
be that the effects of dexamethasone are mediated through
glucocorticoid receptors. The glioma cell-lines U-118MG and
U-251MG do bind at least some dexamethasone [29] so they
probably do not lack receptors. However many gliomas lack
or have low levels of glucocorticoid receptors [30]. In vive
endothelial cells, macrophages, and leucocytes all have large
amounts of glucocorticoid receptors and could therefore mediate
a stronger effect. Thus the therapeutic effects of glucocorticoid
treatment in patients might be an indirect effect.

Quinacrine had a dramatic effect on the growth of the sphe-
roids, especially at higher concentrations. The retardation of
growth was accompanied by gross morphological changes, with
cells shedding from the spheroid surface. This could be a direct
cytotoxic effect of quinacrine, not necessarily related only to
phospolipase-A, inhibition [31]. The growth inhibitory effect
of 0.1 pmol/l quinacrine was not accompanied by decreased
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Fig. 5. NDGA (hydroquinone-form) treated spheroids became larger

with rough surfaces (c) compared with controls (a). Histological

investigation and autoradiography showed cell swelling, loosened

cell to cell contacts, and a considerable decrease in labelling index.

U-343 MGa spheroids were examined in overlay culture (a, c). *H-

thymidine-labelled haematoxylin-stained U-343MGa: control (b), 10
(d), and 100 pM (e) spheroids. Bars = 50 pum.

Table 1. Labelling indices

Drug (cell type)* Labelling index

Quinacrine (U-118MG) 0.1 umol/l 1.0 umol/l Control
0-100 pm 12.5(x2.1) 14.5(x2.4) 11.4(=0.8)
100-200 pm 2.7 (£0.8) 3.0(x0.9) 3.3(x0.5)

Indomethacin (U 343MGa) 5.0 pg/imi 50.0 ugimi Control
0-100 pm 13.4(£2.2) 11.2(*2.1) 15.0(=*3.1)
100-200 pm 4.1(=0.5) 3.6(x0.3) 34(x0.4

NDGA (U 343MGa) 10 umol/l (Q) 10 umolll(Hq)  Control
0-100 pm 14.2(x2.5)  6.8(x2.1)t 15.0(x3.1)
100-200 pm 0.8 (+0.2)} ot 3.4 (20.4)

Ketoprofen (U 251MG) 5.0 ug/iml 50.0 ugiml Control
0-100 pm 13.5(5.1)  8.9(22.9)t 16.4(=4.0)
100-200 pm 7.7 (+3.8) 3.7(x1.1) 2.7(=1.1)

Mean (8.D.) of five spheroids diameters 650-750 pm.
*Depth = distance from spheroid surface.
TSignificantly different from control (P < 0.05).

Q = quinone and Hg = hydroquinone form.
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3H-thymidine labelling. So this effect could be the result of
structural changes of spheroids, which might relate to the
inhibition of arachidonic acid release.

Indomethacin is a potent prostaglandin inhibitor, with slight
stimulation of leukotriene production at intermediate dose lev-
els. NDGA is a leukotriene inhibitor with no known effects on
prostaglandin production. At lower concentrations indome-
thacin had a stimulatory effect, whereas NDGA had an inhibi-
tory effect on spheroid volume growth. The labelling index
showed no great differences after indomethacin, except for
a slight decrease in the outer portion of spheroids. NDGA
significantly decreased the proliferating labelled cells in the
inner region with the quinone form, and in the whole spheroids
after treatment with hydroquinone form, a strong lipoxygenase
inhibitor.

The pattern of ketoprofen-induced disturbances followed that
of indomethacin except for the lack of stimulation of growth at
low concentrations. The inhibitory effects on volume growth
and cell proliferation at 50 p.g/ml were significant.

It is possible that inhibition of prostaglandins increased the
permeability of the cells, resulting in swelling. The
accompanying increase in permeability in the whole spheroid
might generate more favourable conditions for the deeper cell
layers. An increase in permeability might relate to inhibition of
prostaglandins but could also relate to an imbalance in favour of
leukotriene production, which is known to increase membrane
permeability [15].

We found a significant decrease in cell proliferation in the
peripheral as well as in the deeper region after strong lipoxygen-
ase inhibition (hydroquinone-NDGA). Besides the inhibitory
effect on cell respiration of this drug [24], the effect on prolifer-
ation could be explained by the inhibitory effect on leukotriene
production [32]. The lack of inhibitory effect on spheroid growth
could be explained by combined morphological changes.

It seems as if prostaglandin inhibition (indomethacin) also has
a small direct antiproliferative effect, as seen by the decrease in
the labelling index of the peripheral cells. This effect could
be related to lack of some prostaglandins which stimulate
proliferation. The stronger growth inhibitory effect of ketop-
rofen compared with indomethacin could be explained by the
dual cyclo-oxygenase and lipoxygenase inhibitory potency of
this drug.

In the monolayer cultures the patterns of growth changes
were more pronounced than in the spheroid cultures, with a
stimulatory effect by indomethacin and a clear growth inhibition
of NDGA and ketoprofen.

Our experiments are not sufficient to explain the mechanisms
of action of the inhibitors. The interactions are too complex to
allow simple conclusions. The effects were statistically signifi-
cant in some cases although the induced changes were not large.
It is, however, clear that growth of the human glioma spheroids
was affected by inhibitors of the arachidonic acid cascade. The
effects on the monolayer cultures were somewhat stronger than
on the corresponding spheroid cultures. Itis, however, necessary
to consider the influences seen in spheriod growth not only as
indicative of proliferative or anti-proliferative effects, but also
of other phenomena such as swelling of cells, changes in the
volume of extracellular matrix, and volume changes of the
central necrosis. Furthermore, the growth patterns of the sphe-
roids might be affected by factors such as penetration into
and out of the spheroids, which might secondarily change
proliferation. As our results demonstrated, the structure of
spheroids could be affected by these drugs, effects thatin volume
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changes might have clinical significance. Therefore detailed
morphological studies on spheroids exposed to more selective
inhibitors of arachidonic acid cascade would be worthwhile.

The effects on the growth patterns of the spheroids must
result from the sum of effects of different prostaglandins and
different leukotrienes, each with their own action. To evaluate
the role of arachidonic acid metabolites it will be necessary to
study each separate biochemical pathway in a more specific
way. Selective compounds to allow this are, for most steps,
unfortunately not available. A few selective inhibitors, ana-
logues, and antagonists have been introduced which could be
used for further studies.
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Steroid Receptors in Human Osteoblast-like Cells

M.C. Etienne, J.L. Fischel, G. Milano, P. Formento, J.L. Formento,
M. Francoual, M. Frenay and M. Namer

The presence and functions of steroid receptors were evaluated in three human osteosarcoma cell lines
(0OS1 = SA 0S;0S2 = HOS TE 85, and 0S3 = MNNG HOS TE 85). The human breast cancer cell line MCF-
7 was used as internal control for oestrogen receptors (E;R). High and low affinity sites were characterised. The
high affinity sites had a similar dissociation constant in all four cell lines. In contrast, the number of sites per cell
was higher in MCF-7 cells. E, did not significantly modify the number of progesterone receptors (PgR) per cell in
any of the osteosarcoma lines. As expected, E, increased the number of PgR sites per MCF-7 cell. 4-
hydroxytamoxifen decreased the growth of MCF-7 cells only. OS1 and OS2 were sensitive only to the highest
concentration tested, which produces only non-specific cytotoxic effects. Thus E;R and PgR were found in
osteoblast-like cells, but the function of E,R in such cells remains unknown.

Eur ¥ Cancer, Vol. 26, No. 7, pp. 807—810, 1990.

INTRODUCTION
ALTHOUGH BOTH estradiol (E;) and progesterone (Pg) are
involved in the regulation of bone metabolism [1], bone cells
were generally not thought to contain steroid receptors [2, 3].
In 1988, Kaplan er al. [4] described E, receptors (E,R) in
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bone from a patient with McCune-Albright syndrome. More
convincing evidence was provided by Eriksen et al. [S], who
reported osteoblast-like cells displaying steroid-specific, satu-
rable, and temperature-dependent nuclear binding. In breast
cancer, E,R and PgR assays predict response to endocrine
treatment [6] in addition to having a prognostic value [7]. Our
study was designed to evaluate the presence of E,R and PgR in
human osteosarcoma cell lines, and to study the functions of
such receptors. We used three cell lines derived from human
osteosarcomas. The human breast cancer cell line, MCF-7,
known to be E,R and PgR positive, was used as internal control.



