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Summary -- Five clonal strains of mouse tumor cells (HSDM, ) synthesize
and secrete large quantities (0.70-2.0 ug/mg cell protein/2h hr% of prosta-
glandin E.. TFive lines of control cells did not synthesize significant
amounts o% prostaglanding. HSDM, cells produce prostaglandin E, during both
the logarithmic and stationary p%ases of the cell growth cycle. Prostaglan-
din production was inhibited by aspirin—ligg drugs; for example, 50% inhibi-
tion was obtained with as little as 3 X 10 © M indomethacin. We conclude
that the HSDM. cell system will serve as a useful model system to study pros-
taglandin syn%hesis and secretion.

Growth of functional cells in tissue culture may provide useful model
systems in which to study control of the biosynthesis and secwretion of spe-
cial cell products. The availability of sensitive and relatively specific
radioimmunoassay procedures for the measurement of prostaglandins has made
it possible to study the synthesis of these cyclic, oxygenated C20 fatty acids
by cultured cells. We describe here the production of large quantitieg of
prostaglandin by a fibroblast-like line of cells (HSDMl) grown in culture.

The HSDMl line wag derived from a transplantable mouse fibrosarcoma known
to produce a potent bone resorption-stimulating factor (Goldhaber, 1960;

Goldhaber, 19663 Voelkel, Tashjian, and Goldhaber, 1972). The chemical and
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biological properties of the bone resorption-stimulating material initially
led Voelkel et al. (1972) to suggest that it might be a prostaglandin.

Methods -- Establishment of the HSDMl line of cells in culture has been
described (Voelkel et al., 1972), and the cells have been serially propagated
for 13 months in Ham's F10 medium supplemented with 15% horse serum and 2.5%
fetal calf serum (complete F10). Five clonal straing were derived from HSDMl
cells by single cell plating in microcloning dishes; the clonal strains were

designated HSDMICl through HSDM Cells were grown in plastic tissue culture

lCS'
dishes (50 X 15 mm, Falcon) containing 3 ml of complete F10 medium at 370 in a
humidified atmosphere of 5% o, and 95% air. Medium was changed every 3 or b
days.

Medium for radioimmunoassay of prostaglandins was removed from plates and
stored frozen. For the assay of intracellular material, washed cells were
scraped in 2 ml buffer (0.01 M Tris HC1l, 0.14% M NaCl, pH 7.6) and treated for
2 min at 1-20 in a Raytheon Model DF101 sonic oscillator. The material treat-
ed by sonic oscillation was stored at 4° and assayed within 24 hr. To assay
ether extracts of cell culture medium, the pH value of the medium was adjusted
to 3.5 with acetic acid and the medium extracted 3 times with equal volumes of
diethyl ether. The combined ether layers were evaporated to dryness under
nitrogen at MOO and the residue dissolved in buffer for assay. Protein was
determined by the method of Lowry et al. (1951).

Radioimmunoassay of prostaglandins was carried out according to Levine,
Gutierrez-Cernosek, and Van Vunakis (1971). Where indicated, samples were
treated with alkali immediately before assay (pH 11.5-12.0, 100° for 5-10 min)
to convert PGE or FGA to PGB.* All assays were carried out with antiserum to
PGBl (Levine et al., 1971) at a final dilution of 1:130,000. For reduction of
PGE to PGF, 0.01 mg of NaBHh was added to 1 ml of tritiated prostaglandin solu-

tions (0.01 M Tris, 0.14 M NaCl, pH 7.5) or to appropriate serum-free tissue

Abbreviations: PGE, PGA, and PGB for prostaglandins of the E, A, and B
series, respectively.
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culture fluids and allowed to stand 30 min. The solutions were then acidified
with 2 M citric acid. After the bubbling stopped, the pH was adjusted to neu-
trality with 1 N NaOH.

Results and Discussion -- Medium from HSDMl cells was tested for its

ability to inhibit the binding of [3H]PGBl to anti-PGBl serum. As shown in Fig

1 and as previously described by Levine et al. (1971), the antibodies in this

antiserum are specific for PGB; i.e., they bind PGB more effectively than PGA
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Fig. 1. 1Inhibition of [31{]13(;3 anti-PGB, binding. A. PGA,(e), PGB, (o),
and PGE, (X). PGB, was oObtaified by alkaline treatment of PGE,. B. HSDM,
culture medium befGre (A) and after (A) alkaline treatment. fleditm (com-
plete F10) was a 3-day collection from HSDM. cells containing 0.1 m§ cell
protein. Complete F10 medium alone did not inhibit the binding of [ H]PGBl
to anti-PGB. at the levels used in the assay. C. HSDM, serum-free cul-
ture medium before (M) and after (J) alkaline treatment.
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and PGE. Whereas 270 ng of PG32 inhibit 50% of the [BH]PGBl anti—PGBl binding,

5 ng of PGA. and 180 ng of PGE2 are required for equivalent inhibition. Fig.

2
1B shows that small amounts of HSDMl cell culture medium inhibit the [BH]PGB1
antj—PGB] binding and that the inhibition produced by the medium is enhanced
by treatment with alkali. This serologically active material can be quanti-

tatively extracted into ether from acidified HSDM, medium (see table). Thus,

1
HSDMl cells secrete into complete F10 medium relatively large quantities of
material that appear to be a mixture of PGB and PGA, as judged by the rela-
tive inhibition capacities of the medium before and after treatment with
alkali.

If a small amount of PGA, is incubated in complete F10 medium under the cor

1
ditions of these experiments, approximately 30% of the FGA1 is converted to
PGBl. (Under the same conditions, PGBl is gquantitatively recovered from com-
plete F10 medium.) This instability of PGA1 in complete F10 medium suggested
that the PGA-like material in the medium of HSDMl cells was partly isomerized
to PGB before assay - findings that would explain the observation that alka-
line treatment of HSDMl culture medium produced a smaller increase in inhibi-
tion than alkaline treatment of authentic PGA (Fig. 1, A and B). Thus, the
serologically active material in the complete medium from HSDMl cells appears
to be a mixture of PGB and PGA. However, we have found that PGEl is not stable

in complete F10 medium; some of it is converted to PGAl and PGBl. Therefore,
if the prostaglandin being synthesized by HSDMl cells were PGE, dehydrases
present in the complete medium would convert it to PGA; the PGA that was gene-
rated could then be partly isomerized to PGB giving bthe mixture of PGA and PGB
found in the complete culture medium.

To test whether HSDMl cells produce PGE, they were incubated for 3 days in
medium lacking serum. Under these conditions PGE was stable. As shown in the
table, HSDM1 cells produced smaller but highly significant amounts of prosta-

glandin in serum-free medium than in medium with serum. The serologically

active material in HSDM1 medium lacking serum behaved on treatment with alkali
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like PGE and not like PGA. For example, its serclogical activity was enhanced
about 300-fold (Fig. 1C); whereas if itwere PGA, it would have been enhanced
only 15-fold (Fig. 1A).

PGE can be converted to PGF by treatment with sodium borohydride (Corey,
1971). If PGE were produced by HSDM1 cells in the serum-free medium as indicat
ed by the relative serologic activities before and after alkaline treatment,
then NaEHu catalyzed reduction of PGE to PGF could be measured by analysis with
specific anti-PGF. 1In addition, the relative specificities of anti~PGth and
anti-PGFaa (Levine et al., 1971) would make it possible to identify the PGE

(converted to PGF) as either PGE, or PGE Serum-free medium containing the

1 2"
PCE-like material was treated with NaBHu and assayed with anti—PGFax and anti-

PGFla' The anti-PGFs did not react with the HSDM1 serum-free medium before

NaBHu treatment. (PGE, PGA, and PGB do not react very effectively with these
anti-PGFs.) After NaBHu treatment, however, the serum-free medium inhibited

3 . L . 3 X .

f HJPGF&) anti-PGF, binding more effectively than [ H]PGFLQ antl-PGFla bind-
ing. Control serum-free medium (before addition to HSDM1 cells), treated with
As expected, PGA treated

NaBHh, did not react with anti-PGF o or anti-PGF

2
with NaBHu did not react serologically with anti-PGF. PGEE, on treatment with

1o”

NaBHh, is converted to a mixture of PGFa; and PGFEB’ but PGF28 cross reacts

< 0.5 with anti-PGF,, (Levine et al., 1971). In our laboratory, after reduc-
tion of known quantities of PGE2 with NaBHh, the yield of serologically active
product, when assayed with anti-PGF,,, was 50%.

On the basis of these findings, we are tentatively designating the prosta-
glandin produced by HSDM1 cells as PGE2. All subsequent assays were carried
out on alkaline-treated samples, and calculation of prostaglandin content (by
comparison with a PGB2 calibration curve) was based on the assumption that the
serologically active material in base-treated HSDMl medium and cells was de-
rived from PGE.

In order to test whether the production of PGE2 is unique to HSDMl cells,

culture medium from several other cell types was assayed for the presence of
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PROSTAGLANDIN PRODUCTION BY CELLS IN CULTURE

Prostaglandin
production*
Cell type Culture medium (g PGEp/mg
cell protein/
24 hr)
HSDM1 Complete F10 s 1.12
HSDM, " ", ether soluble 1.16
HSDM, F10, no serum’ " 0.25
HSDM, "o ", ether soluble 0.22
HSDM, Cy Complete F10 2.04
HSDM, Cyy " " 1.28
HSDMlC3 " " 2.00
HSDMlCu " " 0.80
HSDM, C " " 0.72
Mouse fibroblasts (Cl-1D) " " < 0.03
Mouse neuroblastoma (hlAB) " " < 0.01
Rat glial (06) " " < 0.01
Human HeLa " " < 0.01
" " < 0.01

Mouse adrenal (ATlO)

Medium samples were 3-day collections that were assayed for prosta-
glandin after alkaline treatment.

Medium was extracted with ether and assayed, as described in the text.

¥ HSDM] cells were grown in complete F10 medium. Cells were washed
twice with medium lacking serum, and for 3 days F10 medium without serum.
was added to the dishes.

prostaglandins. As shown in the table, none of the other types of cells tested

produced significant quantities of material that reacted with anti-PGB Like-

1
wise, none of these cell types contained measurable intracellular levels of
prostaglandins. Five clonal lines derived from the HSDMl cells produced large
quantities of PGE, (see table). The quantity of PGE, produced by several of the
clones was sufficiently large so that the amount of PGE2 produced by a single
cell could be measured in this system. Subsequent experiments have been car-
ried out with a single clone, HSDMICI'

1t was of interest to determine whether large guantities of PGE are
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stored in HSDMlCl cells. Cells were disrupted by sonic oscillation and the
intracellular material examined by immunoassay. The amount of intracellular
PGE2 was at most 300 ng/mg cell protein; this quantity is equivalent to the
amount secreted into the culture medium in about 3—1/2 hr. The stage of cell

growth does not affect the rate of PGE2 production by HSDM,C, cells. Samples

171
of medium were collected at various times after subculture. As shown in Fig.

2, the rate of PGE2 production remained approximately the same whether the cells

were growing logarithmically or were in the stationary phase.
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Fig. 2. Production of PGEp by HSDM;Cy cells. HSDM;Cy cells were innoculated
in replicate dishes 12 hr before the start of the experiment. At zero time
fresh medium was added to each dish. Every 2 to 4 days the medium was col-
lected and changed. Duplicate dishes were washed twice with saline and frozen
for the determination of cell protein. *Medium was treated with alkali and
assayed for PGEp, as described in the text.

Since it has been reported that aspirin and related drugs inhibit the syn-
thesis and release of prostaglandins in several systems (Vane, 1971; Ferreira,
Moncada, and Vane, 1971; Smith and Willis, 1971), we have examined the effects
of aspirin (acetylsalicylic acid), sodium salicylate, and indomethacin on PGE,,

production by HSDM cells. Indomethacin was found to be a potent inhibitor

1%
of PGE2 production, causing a 50% reduction in the rate of PGE2 synthesis at a
dose level of 1 ng/ml (3 X 10" M); whereas aspirin caused a 50% decrease at a
dose level of 10 pg/ml (6 X 1077 M) (Fig. 3). Sodium salicylate caused < 20%

decrease in the rate of PGE., synthesis at a dose level of 50 ug/ml. In cells

2
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Fig. 3. Inhibition of PGEp production by indomethacin and aspirin. Fresh me-
dium containing either no additions or the indicated concentrations of indo-
methacin or aspirin was added to duplicate dishes of HSDMlCl cells. Three days
later the medium was collected and frozen for assay. Dishes were washed twice
with saline and frozen for the determination of cell protein. Medium was
treated with alkali and assayed for PGE,, as described in the text. Cells from
untreated dishes produced 1.9% pg PGEp/mg cell protein/24 hr. Results for
dishes treated with aspirin and indomethacin are expressed as percentages of
this control value.

treated with up to 50 ng/ml indomethacin or 50 ug/ml aspirin, intracellular

levels of PGE2 did not differ from those in untreated cultures. Therefore,

the drugs do not act on HSDMlC1 cells merely by inhibiting the secretion of

PGE2 into the culture medium.

Data obtained with HSDM,C, cells support the observations of Vane (1971),

Ferreira et al. (1971), and Smith and Willis (1971) that aspirin-like drugs
inhibit the synthesis of prostaglandins. Indomethacin is 1000-fold more potent

than aspirin in inkibiting PGE, synthesis by HSDM cells. This difference in

1%

potency is considerably greater than that observed in other systems (Vane, 1971;

2

2

Ferreira et al. (1971), and Smith and Willis (1971).

We conclude that HSDMl cells should provide a useful and unique system in
which to study the biosynthesis and secretion of prostaglandins. A variety of
other established cell lines did not appear to produce measurable quantities of
prostaglandins (see table). It was interesting in this context to examine

whether arachidonic acid is a limiting substrate in PGE, synthesis. The addi-

2
tion of arachidonic acid, up to 167 ug/ml, to cultures of HSDMICl cells for 3
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days led to no change in the amount of PGE2 secreted into the medium. Either

the supply of arachidonic acid is not limiting or exogenous arachidonic acid
does not enter HSDMlCl cells.

At the present time there is no direct evidence that the serologically act
ive material produced by HSDMlcl cells is the same substance as that which
causes stimulation of bone resorption (Voelkel et al., 1972). However, prosta-

glandins are known to stimulate bone resorption, and the chemical properties

of the partially purified HSDM, bone-resorption stimulating factor are consist-

1

ent with those of a prostaglandin.
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