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Production of prostaglandins and thromboxane by
isolated cells from intracranial tumours

C COOPER, HG JONES, RO WELLER, V WALKER

From the University Department of Chemical Pathology and Human Metabolism, and the Department of
Neuropathology, Southampton General Hospital, Southampton, UK

SUMMARY Tumour cell-rich platelet-free preparations were isolated from 21 fresh samples of
human intracranial tumours using enzymic digestion, followed by discontinuous density gradient
centrifugation on Percoll and (14 preparations) adherence on plastic. Of the disaggregated cells
79*8 to 97*7% (mean 86-2%) were tumour cells, and mean cell viability was 82.6%. All the
tumours produced prostaglandin (PG), E2, F2a, 6 oxo F,a and Thromboxane B2 during 16 hours
of incubation but the amount varied widely. Highest production of PGE2 and TXB2 per 105 cells
was by the eight meningiomas in which the prostanoid profile closely resembled that of circulating
monocytes.

Enhanced biosynthesis of prostaglandins, particu-
larly of the E series, has been demonstrated in a
large number of human and experimental tumours.'
These compounds may play an important role in
tumour growth and spread, though the evidence for
this is conflicting. Some experiments suggest that
prostaglandins enhance tumour growth through
their actions on host immunocytes;2 Others that
increased prostaglandin production may limit the
growth of neoplastic cells.

Little is known of the production of prostaglan-
dins by intracranial tumours. Cultured cells from
normal astrocyte and from the rat C6 glioma cell
lines have been shown to produce prostaglandins.3
In Fontana's study, enough PGE2 was released to
suppress thymocyte proliferation.4 However, such
investigations cannot account for the inevitable alt-
erations in cell properties concomitant with culture.5
An alternative approach employed in studies of
tumours from other sites has been to measure pros-
taglandin production by fresh whole tissue,6' but an
appreciable proportion of the prostaglandins meas-
ured certainly derives from host cells present in the
tumour biopsy, particularly macrophages, platelets
and endothelial cells. The aim of this study was to
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isolate a viable population of enriched tumour cells
from freshly obtained specimens of intracranial
tumours, and to measure the production of four
arachidonic acid derivatives-prostaglandins
(PG)E2, PGF2a, PG 6 oxo F,a (the metabolite of
prostacyclin) and thromboxane B2 (TXB2) the
metabolite of TXA2, in short term culture.

Materials

Standard prostaglandins PGE2, 6 oxo F,a, F2a
(tromethamine salt) and TXB2 were gifts from Dr John
Pike, the Upjohn Co., Kalamazoo Michigan, USA; 3H
PGE2 and 3H PGF2a were from the Radiochemical Centre,
Amersham. 3H TXB2 was from New England Nuclear,
Boston, Mass. USA. Antisera to PGE2, TXB2, and 6 oxo
PGF,a were from Institut Pasteur Production, Marnes-
La-Coquette, France. Antiserum to PGF2a was a gift from
Dr Keith Hillier, University of Southampton, England.8
RPMI 1640 with L-glutamine, (Gibco Europe Ltd., Pais-
ley, Scotland) was used for cell incubations. Tumour disag-
gregation was carried out using RPMI- 1640 containing per
100 ml: protease (EC3.4.24.4) from bacillus polymyxa
type XV, 30 mg; collagenase type 1A from clostridium
histolytica 100 mg and deoxyribonuclease (DN-ase 1, EC
3.1.4.5) from bovine pancreas type III, 1 mg, all from
Sigma Chemical Co., St. Louis Missouri, USA, and strep-
tomycin sulphate (600 mg) and benzyl penicillin (106
units). Hanks buffered salt solution (BSS) (x 10), calcium
and magnesium-free, (Gibco) was used diluted 1 in 10 in
sterile distilled water, to wash the cells. For discontinuous
density centrifugation, Percoll (Pharmacia Fine Chemicals,
Upsalla, Sweden) was diluted in Hanks BSS. Ficoll (Phar-
macia) and Triosil (Nyegaard, Oslo, Norway) were used
for monocyte preparations. Siliconised glassware was used
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throughout. Reagents for the prostaglandin assays have
been described previously.8

Methods

Isolation of a cell fraction rich in tumour cells Tumour
tissue was obtained from patients undergoing craniotomy
as a normal part of their management for intracranial
tumours. Histological diagnosis was made on smears and
cryostat sections (ROW). Further samples of tissue (gen-
erally 0 5 to 2.0g) were weighed, cleared of blood clot and
pial vessels, and sliced into 1 mm cubes with a scalpel at
room temperature, for biochemical studies. Disaggregation
of cells was effected by incubating tissue slices in sterile
siliconised Universal glass containers in the RPMllenzyme
mixture (approximately 0 5 g of tissue per 10 ml) for 60
min at 37°C in 95% air/5% carbon dioxide. The cell sus-

pension was sieved through a wire mesh, and the cells
washed by resuspending in Hanks BSS, followed by cen-
trifugation at 350 g for 10 min at room temperature. The
washed cell pellet was resuspended in 2 ml of Percoll,
density 1020, and applied to a discontinuous density gra-
dient comprising 2 ml each of Percoll of density 1030,
1041, 1050, 1060 and 1065. A tumour cell-rich layer sepa-
rated as a distinct band at the 1041/1050 level in all cases
and was harvested (see Results). The cells were washed in
Hanks BSS. In order to remove some of the contaminating
macrophages, the cell preparations from 14 tumours were

resuspended in 10 ml RPMI, and subjected to an adher-
ence stage by incubating for 30 min at 37°C in plastic petri
dishes pretreated with 5% fetal calf serum as described by
Vose,9 but with the addition of fresh heterologous and not
autologous human plasma to the cell suspension. The
non-adherent cells (mainly tumour cells) were removed,
and washed twice. Adherent cells were removed by adding
2 ml of 0-2% EDTA in phosphate buffered saline with 5%
fetal calf serum and scraping the dish firmly. The cells were
then washed twice. Both sets of cells were resuspended in 2
ml of RPMI. 500 ,ul from each preparation was removed
for cytocentrifugation, cell count and viability studies, and
the remainder was divided equally into two 10 ml aliquots
of RPMI in Universal containers: one, a "zero time sam-

ple" was placed immediately on to ice and 200 ,ul of
indomethacin (1.1 mg/ml) was added to arrest prostaglan-
din synthesis. "Zero time" samples were centrifuged
immediately at 350 g for 10 min at 4°C and the supernat-
ant stored at -20°C for prostaglandin analyses. The other
samples were incubated at 37°C in a tissue incubator in
95% air/5% carbon dioxide. After exactly 16 hours, pros-
taglandin synthesis was terminated by addition of 200 ,ul of
indomethacin, followed immediately by centrifugation at
4°C. The supernatant was saved.
Prostaglandin analyses Prostaglandins and TXB2 were

extracted from acidified supernatant, chromatographed on

silicic acid columns and assayed by radioimmunoassay.'
Characterisation of cell populations For each tumour
studied, the various cellular constituents were assessed
using cytocentrifuge preparations (60 rpm 5 min) and
staining with Rapidiff IllGiemsa (Paramount Reagents
Ltd., Liverpool, England). Fluoride inhibitable a naphthyl
acetate esterase staining,'0 and in selected cases,
immunoperoxidase techniques (see results) were used to

'- -Cooper, Jones, Weller, Walker

detect macrophages. Six specimens were tested for roset-
ting of labelled 1 g G coated ox erythrocytes" in order to
identify Fc receptor positive cells, which were mainly mac-
rophages in these preparations. Cells were counted in a
Neubauer haemocytometer and viability assessed by their
capacity to exclude trypan blue. The cellular constitution
of cytospin preparations was calculated by high power light
microscope scanning of at least 200 cells.
Incubation of a monocyte-enriched fraction from venous
blood Monocyte rich cell suspensions were prepared,'2
washed in Hanks BSS, sampled for cytospin studies, and
the remainder incubated for prostaglandin production as
described for the tumour cells.

Results

Twenty tumours were studied (eight meningiomas,
one well-differentiated astrocytoma, seven anaplas-
tic astrocytomas or glioblastomas, two cerebellar
haemangioblastomas, one medulloblastoma, one
Schwannoma) and one craniopharyngioma. The cell
counts, cell viability and composition of the tumour
cell-rich preparations at commencement of over-
night incubation are shown in table 1. Cell yields
were greater for gliomas than for meningiomas. The
mean viability was 82.6% (range 69-4% to 93X 1%).
From assessment of Giemsa-stained cytospin prep-
arations, tumour cells accounted for 79X8 to 97-7%
of cells incubated (mean 86.2%). In most prepara-
tions cells having the appearance of macrophages
were the commonest contaminants (accounting for
2-3 to 107% of cells), followed by lymphocytes
(0-13%) and a variable but small number of
polymorphonuclear leukocytes (0-5.3%). Inclusion
of an adherence stage helped to reduce macrophage
contamination (table 1). With the use of fluoride
inhibitable a-naphthyl acetate esterase staining,
macrophage concentrations were estimated to be
1-7 to 16-2% of the cell preparations and in those
preparations also studied by other methods, the
macrophage content was estimated to be of similar
order (table 1).

PROSTAGLANDIN AND TXB2 PRODUCTION BY
TUMOUR CELLS
Linear rates of production of PGE2, PGF2a, 6 oxo
PGF,a and TXB2 were observed for isolated cells of
a meningioma incubated up to 12 hours, indicating
that substrate depletion did not occur.

In vitro prostaglandin and TXB2 production by
tumour cell preparations during 16 hours of incuba-
tion are shown in table 2 and the figure. The highest
production (per 105 cells) was observed for the
meningiomas, and notably the five meningocytic
meningiomas. As a group, meningiomas had a
remarkably consistent "pattern" of production: in
seven of the eight tumours, PGE2 and TXB2 were
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Production ofprostaglandins and thromboxane by isolated cells from intracranial tumours

Table 1 Cellular composition oftumour cell preparations, assessed morphologically by Giemsa staining, and estimation of
macrophage content by immunoperoxidase staining (see text)

No Tumour (grade) Cell count Cellular composition of tumour cell preparations
(X 105/ml)

Morphology Giemsa Estmation of
stain (% of total cells) macrophage content (% of total cells)

Tumour Macro- NSE Ea Immunoperoxidase
phages Rosette a/A T S22

Meningiomas
I Meningocytic meningioma 40 81-1 9-9 14-1
2 Meningocytic meningioma 30 93-4 5-3 1-7
3 Meningocytic meningioma * 21 97-7 2-3 2-0 1-7
4 Meningocytic meningioma 36 87-0 9 1 9 1
S Meningocytic meningioma 23 88-0 4-0 7 6 2
6 Transitional cell meningioma 90 95-1 4-5 7-3
7 Transitional cell meningioma * 137 90-8 6-1 9 1 9-3 7
8 Fibroblastic meningioma * 118 85-2 6-6 7 8

Gliomas
9 Well-differentiated astrocytoma (11) 106 82-1 7-4 16-2
10 Anaplastic astrocytoma (III) 280 83-2 6-9 14-9
1 1 Anaplastic astrocytoma (III) 1150 83-1 10-7 12 6
12 Anaplastic astrocytoma (III) * 350 87-3 3-9 3-4 0
13 Anaplastic astrocytoma (III) 364 798 6-1 7-1
14 Poorly differentiated glioma (IV) * 140 80-0 6-7 13-9 10-6 3
15 Anaplastic glioma (IV) * 305 87-3 9-7 14 9 12-5
16 Gliosarcoma (IV) 48 87-1 7-3 9-9 14 7

Others
17 Cerebellar haemangioblastoma 75 84-9 7 6 9-3
18 Recurrent haemangioblastoma * 55 82-9 7-6 2-4 1
19 Acoustic schwannoma * 50 86-4 10-4 13-6 1 10(
20 Medulloblastoma 267 83-3 3-8 1-7 4-5 1
21 Craniopharyngioma * 5 83-7 7-0 13-0 13 2

*adherence stage used in procedure
aIAT immunoperoxidase staining for alpha- I-antitrypsin
NSE fluoride inhibitable a-naphthyl acetate esterase
S22 immunoperoxidase staining with rabbit anti-human macrophage serum (13)

produced in greatest amount followed by PGF,a.
Only small amounts of the prostacyclin metabolite
were detected. Tumour 8 (a fibroblastic mening-
ioma) differed in that the production of PGE, was
small. Among the gliomas the lowest production was
observed in tumour 9 (graded 2) and production
was greater in the more aggressive tumours. The
prostaglandin profiles for the gliomas did not have a
recognisable pattern.

PROSTAGLANDIN/TXB, PRODUCTION BY
MONOCYTE PREPARATIONS
Two monocyte-enriched preparations were studied.
On cytospin preparations stained with Rapidiff/
Giemsa, 72% and 67% of the incubated cells were
monocytes, 11% and 14% were polymorphonuclear
leukocytes, and 17% and 19% were lymphocytes.
Platelets were not detected. In both preparations,
PGE, and TXB, were produced in greatest amount
with only small amount of PGF,a and 6 oxo PGF,a
(table 2).

Discussion

Relatively homogenous populations of viable

tumour cells from intracranial tumours were pre-
pared for this study. The tumour cell preparations
were free of platelets and only minimally contami-
nated with polymorphonuclear leukocytes. Lym-
phocytes accounted for 0% to 13% of all cells reco-
vered. Few contaminating endothelial cells were
recognised morphologically. The fact that produc-
tion of 6 oxo PGF,a by the preparations was univer-
sally low supports the assumption that few endothel-
ial cells were present since the parent compound
prostacyclin is the major product of these cells.'4
Using a variety of staining techniques, cells of the
monocyte/macrophage series were found to be the
commonest contaminants, accounting for 7% to
16% of cells in preparations not incorporating an
adherence stage, and 1-7% to 14-9% in those emp-
loying adherence. Wood and Morantz'5 quantified
macrophages by ig G EAC rosette formation in
fresh human central nervous system tumours sub-
jected to enzymic disaggregation only, and observed
that they accounted for 5 to 78% (mean 41 %) of the
cells from nine glioblastomas and 5 to 80% (mean
42%) from nine meningiomas. Moreover they
observed considerable variation in macrophage size,
from which it is apparent that these cells will show a
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Table 2 Prostaglandin production by tumour cell preparations in short term (16 hour) incubation

Tumour Prostaglandin production by tumour cell preparations (frnoll/05 cells)

TXB2 PGE2 6 oxo PGF,a PGF2a

Meningiomas
1 1703 1671 211 854
2 559 749 151 423
3 842 1209 170 807
4 1201 692 85 327
5 1762 1200 248 736
6 313 329 59 186
7 351 896 105 214
8 440 105 175 130

Gliomas
9 16 37 5 8
10 27 34 16 87
11 78 51 1 1 42
12 200 125 59 87
13 596 99 38 104
14 248 173 138 31
15 383 51 - 96
16 124 1171 100 327

Others
17 11 3 19 34
18 43 343 16 56
19 208 494 38 147
20 1 3 1 5
21 70 128 - 62

Monocyte Preparations
1 281 250 27 34
2 405 499 24 45
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Fig Production ofprostaglandins and thromboxane by
tumour cell preparations from 8 meningiomas (0) and 8
gliomas (a) during short term culture (16 hours).

broad spectrum of migration in density gradient cen-
trifugation procedures and therefore be very
difficult to remove by this means alone.
There are problems in using preparative methods

of the type described. One is that enzymic disag-
gregation of tumours may select against some more
easily damaged cells so that these are under-
represented in the final preparation. Moore and
Moore" found that in enzymically prepared cell
suspensions from rat tumours, individual cellular
components were present in the same proportions as
in undigested tumours, but the problem may be gre-
ater with human tumours. A second problem is in
counting the cells of tumour preparations.9 Despite
the incorporation of DNAase into the enzyme diges-
tion mixture, small clumps of cells were present in
some preparations in this study, although generally
the tumour cells were well dispersed. Only identifi-
able nuclei were counted in the clumps, and the cell
numbers would thus have been underestimated
when larger clumps were present. However, few
clumps of any size were seen in our preparations and
it is unlikely that they influenced the overall findings
significantly. A more important objection to the use
of enzymic disaggregation is that it may damage cell
membranes. Despite this, host cells express charac-
teristic surface markers and retain their capacity to
mediate cytotoxic and mitogenic responses,9 whilst
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Production ofprostaglandins and thromboxane by isolated cells from intracranial tumours

tumour cells may be recognised morphologically and
cytologically and retain their secretory capacity."I
Arachidonic acid is released readily from cell mem-
brane phospholipids in response to even mild dam-
age, and prostanoid production increases secondar-
ily. Any manipulation of tissue in vitro is associated
with a marked increase in prostanoid production.
Like all studies of its type, the results reported here
can be interpreted only as a measure of the capacity
of the cells to produce prostaglandins and TXB2
under standardised conditions in vitro. They give
some information about the cells' enzymic "poten-
tial" but little indication of their activity in vivo.

All the 21 tumours produced all four measured
prostanoids during 16 hours of incubation, but there
was a marked variation in the quantities produced
per 105 cells. Among gliomas production was grea-
ter by the more poorly differentiated tumours, but
this was not a general finding for other tumours,
since the highest production of all was observed for
the least aggressive tumours studied-the mening-
ocytic meningiomas.
Meningiomas consistently produced large

amounts of TXB2 and (with one exception) PGE2.
Although this might have been indicative of greater
contamination with macrophages, which had a very
similar prostanoid profile in this study, it is notewor-
thy that tumours with the highest production were
often those with the least macrophage contamina-
tion. It would be difficult to account for such high
levels of prostaglandin by the small numbers of mac-
rophages present. This suggests that the tumour cells
themselves were producing these compounds. Mac-
rophages were more numerous in glioma prepara-
tions (table 1) and made a greater contribution to
PGE2 and TXB2 production by these cultures. An
interesting observation from results on the five mis-
cellaneous tumours was the rather low production of
6 oxo PG,a by two haemangioblastomas. Higher
levels might have been anticipated since prostacyclin
is the major prostanoid product of normal human
endothelial cells.'4
There is very little published work on prostanoid

production by human brain tissue. Abdel Halim'6
found that prostaglandin production by dissected
normal human cerebral blood vessels was directed
towards prostacyclin, and by non-vascular cortical
tissue towards PGF2a. The production of PGE2 was
only one third that of PGF2a, and TXB2was unde-
tectable. In this laboratory8 slices of normal whole
human cortex consistently produced PGF2a in
greatest amount followed by TXB2, then PGE2 and
PG 6 oxo F,a; however, these incubates were con-
taminated with blood cells. The only tentative con-
clusion that can be drawn at present is that pros-
tanoid production by cells of intracranial tumours in

vitro differs qualitatively from that of normal human
cortex. Published observations on production by
brain tumour cells relate mainly to cultured cells of
the Rat C6 glioma line which releases PGE2 in
vitro,4 with only minimal amounts of PGF2ac3 and
very little of the neuromodulator PGD2.'7 Poduslo et
al'8 observed a high level of phosphatidyl inositol in
a human glioma cell line with evidence of increased
levels of turnover compared with rat astrocytes.
Phosphatidyl inositol is the major arachidonic acid
reserve in platelets.
What relevance have these observations to the

pathophysiology of intracranial tumours? The simi-
larity of the prostaglandin profile of meningiomas
and blood monocytes is striking. It probably reflects
their common origin from mesenchymal cells rather
than a shared physiological function. Meningiomas
are generally believed to derive from specialised
connective tissue cells of mesodermal origin
resembling cells of the arachnoid villi.'9 Normal cells
of the pia-arachnoid, particularly cells of the arach-
noid trabeculae however, have been observed to
phagocytose a foreign protein (peroxidase) intro-
duced into the subarachnoid space and to develop
some of the morphological features of macrophages,
although they were less able to digest the foreign
materials.20 Monocytes and macrophages engaged in
phagocytosis generate increased PGE2 and TXB2.2'
TX has a variety of strong biological effects, the best
known of which is induction of the platelet aggrega-
tion and release reaction, as well as strong contrac-
tile effects on vascular smooth muscle and airways,
and in mediating polymorphonuclear adhesive-
ness.22 In platelets, TX synthetase is located on the
dense tubular membranes23 and TXA2 probably
exerts its platelet and smooth muscle actions at least,
by increasing calcium release into the cytosol,
thereby stimulating contractile processes.22 Perhaps
the "innate" capacity of arachnoid cells to
phagocytose and to produce TX are interlinked.
There is no evidence at present that the pros-

tanoids have any role in the pathogenesis of human
intracranial tumours. Moreover, it is certain that the
production of these agents in vivo is very small com-
pared with the in vitro levels recorded. Knowing that
these compounds are locally acting agents, there are
two ways in which they might be implicated.
Approximately 20% of meningiomas invade bone
with bone resorption and new bone formation
occurring simultaneously.'9 Since PGE2 is a potent
bone resorbing agent' 24 it may be that PGE2
released locally from the tumour cells plays a part in
this process. Secondly, the role of PGE2 in the host's
immune response to tumour has been discussed
widely for other tumours; ' it may have a similar role
in intracranial tumours.
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