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Summary

The initial metabolites of prostaglandin Fi, and Fp, (13,1k,dihydro-
15-keto-prostaglandin Fqp 4, 13,14 ,dihydro-15-keto-prostaglandin Foy, and 9a,llo,
15-trihydroxy prostanoic acid [FOa]) have been measured in culture medium of
BALB/c 3T3 and SV3T3 mouse fibroblasts employing a newly developed radio-
immunoassay for these metabolites. The levels of metabolite detected in
culture medium were 5-1T7 percent of the primary F prostaglandin level, and
therefore suggest that the level of prostaglandin F metabolism is low in
these cultures as compared with the level of metabolism detected in humans
infused with prostaglandin Fpy. It was further noted that metabolite levels
and prostaglandin F levels were proportional for these two cell lines demon-
strating that metabolism of prostaglandin F occurs to the same degree in
these two cell lines, This result supports the contention that differences
in the prostaglandin F concentration of growth medium from 3T3 and SV3T3
cells arise from differences in prostaglandin production or release and are
not due to differences in the degree of metabolism which ocecurs during cul-
ture of these two cell lines.

Introduction

Employing "normal" and viral transformed cells as model systems for the
study of prostaglandin (PG) levels as a function of differences in cellular
growth control, it was noted that the levels of E and F prostaglandins de~
tected in culture medium were higher for polyoma transformed BHK cells than
for “"normal" BHK cells (1). A similar result was obtained when the concen-
tration of primary prostaglandins in the medium of BALB/c 3T3 cells was
compared with the concentration detected in a stable Simian Virus 40 trans-
formant subline, 114-8 (2). Since work on the infusion of PGFp, in humans
has indicated that metabolism occurs rapidly and that the 15-keto metabolite
Abbreviations used: PG = prostaglandin; BHK = baby hamster kidney;
BALB/c 3T3 = permanent mouse embryo cell line; SV40 = Simian Virus u40;
SV3T3 = a Simian Virus 40 transformed subline of BALB/c 3T3; PGF14 =
90,11a,15(S)-trihydroxy-13-trans-prostencic acid PGFoy = 9a,1la,15(S)
trihydroxy-5-CIS-13-trans prosatrienoic acid, PGE; = 1la,15(S) dihydroxy-
9-0X0-~13-trans-prostenoic acid, PCF metabolite = the sum of 9o0,lla-

dihydroxy~-15-keto~prostanoic acid, 9%9a,llo,dihydroxy-15-keto-prost-5-
enoic acid, and 9¢,1lo,15-trihydroxy prostanoic.

179
Copyright © 1975 by Academic Press, Inc.

All vights of reproduction in any form reserved.



Vol. 63,No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

of PGF,, may be present in human plasma at concentrations 20 to 30 times
greater than the concentration of PGFy, administered (3,4), a newly devel-
oped radioimmunocassay for the measurement of initial F prostaglandin metab-
olites was utilized to assess the relative levels of primary F prostaglandins
and initial F metabolites in culture medium of 3T3 and SV3T3 cells. This
study was designed to assess the level of PGF metabolism occurring in these
cultures, while it provides for a comparison of PGF metabolism by cell lines
which differ markedly in their mode of cellular growth control and in the
concentration of primary prostaglandin detected in their medium (2). The
existance of recently developed prostaglandin F metabolite assays (L4,5,6)
provides the immunological specificity to measure metabolite levels under
normal culture conditions.

Methods and Materials

Maintenance of cell lines. BALB/c 3T3 clone A31l, an established line of
mouse fibroblasts (7), and 11A-8, a stable SVU0 transformant of clone A3l
(8) were obtained from Dr. Harvey L. Ozer. Cells were grown on 100 mm
plastic dishes (Falcon) at 38.5°C. Growth medium was supplemented with 10%
calf serum and conditions for cell growth and passage were maintained as
previously described (9).

determinations.

BALB/c 3T3 cells aﬁd their stable SVLO transformant subline 11A-8 were
inoculated at ~7.0 X 10" cells/100 mm dish. Two days after cell inocula-
tion, the medium was changed for both cell lines (20 ml per culture). At L
days and at every 2 day interval up to and including day 16, samples were
collected and the growth medium was changed on all cultures. At each time
point, the culture medium from 3 cultures was pooled (60 ml) and two 4.0 ml
aliquots were pipetted directly into extraction buffer (pH 4.5) and rapidly
frozen in a dry ice-methanol bath. Samples were then stored in a freezer at
-20°C until all semples were ready for extraction. Medijum was incubated in
the absence of cells and 2 day collections of incubated medium were stored
as controls. Cell number per plate was determined at each collection time
as previously described (2).

Preparation of samples for radioimmunoassay.

Samples in an equal volume of extraction buffer (1M acetate buffer,
pH 4.5, containing 9% saturated ammonium sulfate) were prepared for extrac-
tion by the addition of 1550-1900 DPM of [3H] PGF, or [38]9a,110-dihydroxy-
15-keto-prostanocic acid. These labeled compounds were added for determina-
tion of recoveries. Samples were extracted with ethyl acetate, evaporated
under nitrogen at 40-50°C, and partitioned between 80% methanol and hexane
to remove neutral lipids. The details of extraction and neutral lipid sepa-
ration have been previously described (2). Since anti-F metabolite serum
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does not crossreact with any of the primary prostaglandins (5), the methanol
fraction of the set of samples for F metabolite determination was evaporated
under nitrogen following neutral lipid separation and redissolved in 1.0 ml
of radiocimmuncassay buffer (0,01M phosphate buffer pH 7.0, 0.15 M sodium
chloride, 1.0% normal rabbit serum, 0.05% sodium azide). The set of samples
employed for primary F prostaglandin determination was further purified by
chromatography on silicic acid columns (2). The PGF column fraction was
evaporated under nitrogen and redissolved in 1.0 ml of radioimmunoassay buf-
fer. An aliquot of the samples was counted in a liquid scintillation counter
to determine percent recovery for PGF and PGF metabolite (9a,llo-dihydroxy-
15-keto-prostancic acid). The recoveries were "80% for both PGF and PGF
metabolite.

Radioimmuncassay of prostaglandins.

Prostaglandin measurements were conducted as previously described on
the PGF column fraction employing an antiserum directed against PGFpy and
having 80% crossreactivity with PGFi,. (10). This serum provides a good in-
dication of total F prostaglandins present in a sample. The second dupli-
cate of samples which were extracted for PGF metabolite determination were
agsayed with a newly developed assay for the initial metabolites of the F
prostaglandins (5). This antiserum recognizes the initial F metabolites in
man as reported by Granstrom and Samuelsson (11,3). The compounds capable
of contributing to the measured F metabolite level are presented in figure 1.
Compounds A and B, the 15 keto-13,lh-dihydroderivatives of PGF, 4 and PGFogy,
are initial PGF metabolites which may arise through the action of 15-hydroxy
prostaglandin dehydrogenase and prostaglandin—Al3 reductase (12), while com-
pound C is the result of an additional metabolic step producing 9o,1la,15-
trihydroxy prostanoic acid. The measurement of these three compounds is
used as an assessment of PGF metabolism.

The accuracy of the PGF metabolite radioimmunoassay has been previously
tested with known amounts of 9a,lla,dihydroxy-15 keto-prostancic acid added
to the assay system (5). The assay has a coefficient of correlation of
0.985, 95% confidence limits of 0.91k - 1.02, and a lower boundary on sensi-
tivity of 15 pgm. The prostaglandin F assay has also been assessed for
accuracy and found to have a coefficient of correlation of 0.993, 95% confi-
dence limits of 0.945 - 1.09, and a lower boundary on sensitivity of 50 pgm.
For both assays, all samples were processed simultaneously and assayed at
one time to eliminate any possible intra-assay variation.

Results and Discussion

Growth curves for the 2 cell lines studied are presented in figure 2 ag
a semi-logarithmic plot of cell number per plate versus time after inocula-
tion of cells into culture. The relative growth curves for these two cell
lines make evident the fact that cell growth proceeded logarithmically until
both cell lines exhibited a decline in growth rate at day 12 as they reached
their saturation density. The normal BALB/c 3T3 (clone A31) cells reached a
density of 4,0 X 106 cells/100 mm dish while the transformant subline, 11A-8
reached a density of 5.4 X 107 cells/100 mm dish. The saturation density of

the SVL0 transformant exceeded that of the parent clone A3l cells by more
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Figure 1. Initial metabolites of PGF,, and PGFy, measured with anti-F
metabolite serum. The three metabolites detected are 9a,llo-dihydroxy-15-
keto-prostanoic acid (A), 9a,lla~dihydroxy~l5-keto-prost-5-encic acid (B),
and 90,11la,1l5-trihydroxy prostancic acid (C).

Figure 2. Comparative cellular growth curves for BALB/c 3T3 and SV3T3 cells
from day 4 to day 16. Each two day point represents a time of medium harvest
for prostaglandin determination. Open circles (o~—0) represent normal cells
and closed circles (e—e) represent transformed cells.

than 10 fold. This ability of viral transformed cells to grow multilayered
in culture reaching higher cell saturation densities is a characteristic of
stable viral transformants (13) which clearly demonstrates its altered con-
trol of cell growth.

The 2 day medium collections for 3T3 cells, SV3T3 cells, and plates
containing medium in the absence of cells were obtained at each time point
presented in figure 2 and assayed to determine the level of primary F pros-
taglandins and initial F metabolites at each point in the growth of these
two cell lines. The prostaglandin levels are presented in table 1. Varia-
tion from culture to culture was minimized by pooling the medium of 3 cul-
tures at each time point. Deviation from the mean for 4 sets of duplicate
samples showed & range of 0.0 - 3.8%. Therefore, variability can be esti-

mated at <4,0%. Cellular F metabolite levels were very low so only medium
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Table 2

Comparison of PG levels
Primary F prostaglandins versus initial F metabolites

Days After F metabolite level expressed . SV3T3 level

Cell as percent of primary Ratio of 313 level
Inoculation F prostaglandin level For

3T3 SV3T3
cells cells F Metabolites Prostaglandin

6 6.7 10.5 2.5% 1.61

8 5.0 5.5 1.62 1.48

10 8.3 13.3 .3.32 2.07

12 9.8 15.1 2.30 1.k9

14 16.3 17.2 2.14 2.02

16 15.3 9.9 1.58 2,45

AVG. 6-16 2.25 1.85

levels are presented for comparison. If primary ¥ prostaglandin levels are
evaluated at different time points, little difference is noted as a function
of the cell density of a culture, but differences between cell lines in terms
of concentration detected are evident. The concentration of PGF in medium
from SV3T3 cells is V1.5 - 2.5 times higher than that detected in medium from
3T3 cells. Both cell lines show an increase above the control level of
incubated medium. The level of initial F metabolites detected in the medium
of transformed cells also exceeds that found for 3T3 cells, but the level of
F metabolite is clearly much lower than primary F prostaglandin.

Table 2 is presented for further comparison of metabolite and primary
prostaglandin levels. The level of metabolite detected for both cell lines
is low and represents 5-1T7 percent of the ¥ prostaglandin level. Both PG
levels are also expressed in table 2 as ratios of the level detected in
SV3T3 cells/the level detected in 3T3 cells. The ratios for F metabolites

and F prostaglandins are similar having average ratios of 2.25 and 1,85,
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respectively. The similarity of ratios demonstrates that the higher level
detected for PGF and F metabolitesg in SV3T3 cell medium represents the same
proportional increase over the levels detected in 3T3 cell medium. These
results demonstrate that PGF metabolism is occurring to a lesser degree in
cultures of mouse fibroblasts than has been demonstrated in humans infused
with PGFo, (4). 1In addition, the fact that metabolite levels and primary F
prostaglandin levels were proportional for these two cell lines demonstrates
the fact that metabolism of F prostaglandins is not seriously altered in
SVLo transformed cells as compared with 3T3 cells. While a noticeasble dif-
ference was not detected in initial F metabolite levels, it is recognized
that extensive metabolism beyond the initial stages could result in the
production of compounds which might not be recognized by F metabolite anti-
serum. This possgibility seems unlikely since the addition of [3H]PGFla to
thege cultures also suggests that prostaglandin F metabolism is not exten-
sive (unpublished results).

These results support the hypothesis that differences in the PGF con-
centration of growth medium from cultures of "normal and viral transformed
cells are the result of differences in prostaglandin production or release
from cells and not due to differences in the degree of metabolism which
occurs during culture of these two cell-lines. Additional studies are in
progress to further assess the stability of E and F prostaglandins as a
function of time in culture to further clarify the influence of prostaglan-
din stability on the final level of primary prostaglandin detected by radio-
immunoassay.
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