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ABSTRACT

Our interest in prostaglandins (PCs) as antitumor agents stemmed
from the report of Bregman and Meyskens (Cancer Res., 43:1642-1645,
1983) that PGAi, PGA2, and PGD2 inhibited colony formation by human
melanoma cells obtained from fresh biopsies of melanoma patients. We
tested several PCs and found that PGA,, PGA* and PGD2 were the most
cytotoxic to LI 210 cells in culture. Therefore, we studied these PCs for
their effects on growth, cell survival, and cell progression of murine (B16)
and human (RPMI7932, SK Mel 28) melanoma cells in culture. Although
the three PGs equally inhibited the growth of B16 cells, l'(,l); was more

inhibitory to RPMI 7932 or SK Mel 28 than PGAi or PGA2. Similarly
the three PGs were almost equally active in inhibiting colony formation
by B16 cells. However, against human melanoma cells, l'(,l); was much

more active than PGAi, whereas PGA2 was inactive. Towards the end of
our study, we obtained PGJ2 and found that it was as cytotoxic as PGDi
for LI 210 cells but was more lethal for human melanoma cells.

The primary effect of all three PGs was to block cell progression from
GÃ¬to S. At 2.5 Â»igof PGD2 per ml, the blockade of cells in d, and normal
progression through the other phases resulted in accumulation of 80-
90% of the cells in (.,. At this dose, there was no inhibition of DNA
synthesis, and cells in S progressed apparently normally through S. until
all cells were blocked in <.,. DNA synthesis was inhibited at 5 fig/ml
which slowed cell progression through S and accumulated cells in (,,.
The partial synchronization of cells in (,, may be useful in devising new
combinations of PGD2 with antitumor drugs.

INTRODUCTION

Most of the early studies on the antitumor effects of PCs2

involved inhibition of animal tumors by PGA and PGE or their
analogues. These PGs were shown to inhibit the growth in vitro
and in vivo of several murine melanomas and Lewis Lung
carcinoma (1-4). It is only recently that the antitumor effects
of PGD2 were reported. Fitzpatrick and Stringfellow (5) showed
that PGD2 formation by B16 melanoma cells correlated in
versely with cellular metastatic potential. The cytotoxicity of
PGD2 for several human tumor cell lines was recently reported
by Fukushima et al. (6) and Sakai et al. (7). Bregman and
Meyskens (9) also reported that PGAi and I'(Â¡A were lethal

to several human melanoma cell lines. Our interest in the PGs
stemmed from the report by Bregman and Meyskens (8) that
PGAi, PGA2, and PGD2 were markedly lethal to colony growth
of human melanoma cells obtained from patient biopsies. ///
vitro sensitivity in the human tumor cloning assay predicts for
clinical response with about 65% accuracy, and resistance in
this assay correlates with resistance to therapy with 95% accu
racy (10). Therefore the studies of Bregman and Meyskens (8)
suggested that PGs may be useful in the treatment of human
melanoma. The Upjohn Company has been involved in pros
taglandin research for several years, and we have a large series
of PGs available to us in-house. We investigated the cytotoxicity
of several of these PGs from which finally PGAi, PGA2, and
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dose required to inhibit cell growth by 50%; cAMP, cyclic AMP.

PGD2 were chosen for further studies based on their cytotox
icity. Since human melanoma is particularly unresponsive to
chemotherapy, we decided to study the effect of these PGs on
human and murine melanoma cells in culture. Parts of this
paper were presented previously as an abstract (11).

MATERIALS AND METHODS

Cell Culture. Mouse leukemia (LI 210) cells were grown as a suspen
sion culture in RPMI 1634 medium (Associated Biomedic Systems,
Inc., Buffalo, NY) containing 5% PCS (Sterile Systems, Inc., Logan,
Utah; Hy-Clone) (12). Mouse melanoma (B16-F10) cells were grown
as monolayer cultures in minimal essential medium (Eagle) with Earle's

salts (M. A. Byproducts) containing 10% FCS and supplemented with
nonessential amino acids (10 ml of lOOx concentration/liter, M. A.
Bioproducts), essential vitamins (IS ml of lOOx concentration/liter,
GIBCO), sodium pyruvate (10 ml of lOOx concentration/liter,
GIBCO), and glutamine (10 ml of 200 HIM:GIBCO) (12). SK Mel 28
and RPMI 7932 human melanoma cells were grown in minimal essen
tial medium supplemented with 15% and 10% heat-inactivated fetal
calf sera respectively.

Cells were maintained in exponential growth by subculturing prior
to confluency. Monolayer cultures were harvested with 0.1% trypsin
(type III; Sigma Chemical Company, St. Louis, MO) plus 0.02% EDTA
(Eastman Kodak Company, Rochester, NY) in 0.9% NaCl solution.
Exponentially growing cultures were obtained by planting about 4 x
lO'-lO4 cells/cm2 or IO4 cells/ml (for LI210) 24-48 h prior to an

experiment.
PG Preparation. PGs were dissolved in absolute ethanol at 10 mg/

ml and stored in the freezer. The compound was diluted with medium
prior to addition to cells.

Growth Inhibition Studies. These studies were done essentially as
described previously (13). For growth inhibition studies with L1210, 5
ml of 5 x IO3 cells/ml were incubated with PGs for 72 h in a 37Â°C

water bath. Growth inhibition of B16, SK Mel 28, and RPMI 7932
was measured after incubation of the cells with PGs for 72, 144, and
149 h, respectively.

The percentage of growth inhibition was calculated as follows.

100-

final cell no./treated flask
- initial cell number planted

final cell no./control flask
â€”initial cell number planted

x 100

Cell Kill. Exponentially growing cells were exposed to the drugs at
37Â°Cfor varying periods up to 24 h, following which cell survival was

determined by cloning as described previously (12). Cloning efficiency
of control cells was normalized to 100%, and the cloning efficiency of
the treated cells was expressed as a percentage of control survival.

Inhibition of Macromolecule Synthesis. DNA, RNA, and protein
syntheses in B16 cells were determined by the addition of 1 ml of [3HJ-
thymidine (10 /iCi, 2 Mg/ml); [5-3H]uridine (20 pCi, 10 Mg/ml); or
[l4C]leucine (5 fÂ»Ci/ml)(Amersham International, Ltd., Amersham,

England), respectively, to each culture flask containing approximately
5 x 10* B16 cells/25 cm2 in 10 ml of medium and containing the

appropriate concentration of PG. The rate and extent of radiolabel
incorporation into the acid-insoluble fraction of the cells were measured
as described previously (13).

Cell Progression. B16 or RPMI 7932 cells were planted at about 2
x IO5 cells/75-cm2 culture flask approximately 48 h prior to the

experiment to ensure that the cells were growing exponentially. Cells
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CELL CYCLE EFFECTS OF PROSTAGLANDINS

were continuously exposed to PCs for varying periods of time, and
samples were taken at different times following drug addition. Cells
were harvested and fixed by Â»suspending pelleted cells in cold (-2"C)

70% ethanol. Fixed cells were stained for DNA flow cytometry by
resuspending in a solution containing mithramycin (50 fig/ml) (Dome
Laboratories, West Haven, CT) and 15 mM MgCl2 in a 0.9% NaCl
solution (14). The stained cells were analyzed for DNA content using
a FACS-II (fluorescence-activated cell sorter; Becton-Dickinson FACS
Systems, Sunnyvale, CA) interfaced with a ND6660 data acquisition
computer (Nuclear Data, Inc., Schaumburg, IL). The computer is
equipped with a 160-Mbyte Control Data disk drive (Control Data
Corp., Minneapolis, MN). Approximately 30,000-40,000 cells were
analyzed for each sample. DNA histogram data were transferred to an
IBM 3083 computer to calculate phase distributions as described pre
viously (14). The histograms reproduced in Figs. 4 and 5 were produced
on a Nicolet Zeta Model 1453B plotter (NicolÂ«Zeta Corp., Concord,
CA), using the Tellagraf computer graphics program (Integrated Soft
ware Systems Corp., San Diego, CA) running on the IBM 3083 com
puter. The figures are thus accurate representations of the actual data.

RESULTS

Growth Inhibition of Different Cell Lines

Table 1 shows the growth-inhibitory activity of different PCs
for several cell lines. Based on LI210 data, the order of cyto-
toxicity was PGAi Â«PGA2 = PGD2 > PGE2 > PGI2, throm-
boxane B2, PGH2, and PGF2a. Since PGA,, PGA2, and PGD2
were the most active compounds, their effects on murine and
human melanoma cell lines were studied. The dose response of
B16 (mouse) and human SK Mel 28 and RPMI 7932 to PCs
is shown in Fig. 1. Collectively these experiments show that:
(a) in both human melanoma lines, PGD2 was clearly more

Table 1 Growth inhibition of different cell lines by prostaglandins
IDÂ»((it:'mli

L12IO B16 RPMI 7932 SK Mel 28

PGA,PGAjPGDjPGE,PCF*,PGI2PGJjTXBj'PGHj0.720.721.166.442Â»300.73Â»â€¢30Â»300.71.050.572.53.20.52.83.01.0

* TXB2, thromboxane B2.

100
RPMI 7932 MEL 28

g
Â»

Â£

0.1
2345012345012345

PGimcq/mll

Fig. l. Dose response in inhibition of growth of mouse B16 and human RPMI
7932 melanomas by PGA,, PGA2, and PGD2. The PCs were in continuous
contact with B16 cells for 3 days and with RPMI 7932 cells and SK Mel 28 for
6 days, meg, jig.

growth inhibitory than PGAi or PGA2. The IDso of PGD2 for
RPMI 7932 cells was 0.5 /ig/ml compared to 2.5 and 3.2 /ig/
ml for PGAi and PGA2. In contrast, the three PCs were about
equally active against B16 cells (IDÂ»was between 0.6 and 1
/tg/ml). At 10 /ig/ml, PGAi, PGA2, and PGD2 caused complete
detachment of the B16 cell monolayer. This was not seen at
lower PG levels. These detached cells were not viable since they
did not reattach when planted in fresh medium.

We obtained PGJ2 towards the end of this study and found
it to be as cytotoxic as PGD2 for LI210 cells (Table 1).

Kinetics of Growth Inhibition

The kinetics of inhibition of growth by PGAi of B16 cells is
shown in Fig. 2. There was little inhibition of growth during
continuous exposure for 48 h to 0.31 /ig/ml. At higher doses,
PGA, had little effect on cell growth during the first 12 h. After
12 h, cell growth stopped for different periods of time depending
on the PGA, concentration. At 0.625 and 1.25 /ig/ml, the cells
started growing rapidly again after 24 and 32 h, respectively,
whereas at 2.5 /ig/ml. cell growth stopped completely for 48 h.

Stability of PGA,, PGA2, and PGD2

The growth-inhibitory activity of PGA,, PGA2, and PGD2
incubated in RPMI 1640 medium at 37"C for different periods

was determined (Table 2). We realize that this assay does not
tell us whether the growth-inhibitory effect is due to the original
PG added or due to a metabolite. The results show that only
20% of PGAi growth-inhibitory activity was lost in 24 h as
compared to 80% loss of PGA2 cytotoxicity. In contrast, PGD2

io<v

10Â«

o - CONTROL
a - 0.31 meg/ml
a - 0.62mcg/ml
* - 1.25mcg/ml
â€¢- 2 Smcg/ml

10 20 30 40 SO
HOURSAFTERDRUGADDITION

60

Fig. 2. Kinetics of inhibition of growth of Bl 6 cells by PGA,. Logarithmically
growing cells were exposed to PGA, continuously for 48 h. meg, Â¿ig.

Table 2 Cytotoxicity of PGA,, PGAi, and PGDi after incubation in
medium at 37'C

% of original cytotoxicity*

2h 6h 24 h

PGA,
PGAj
PGDj

90
85

100

80
80
88

78
20

128
* PGA,, PGA2, and PGD2 were diluted in medium to 1 Mg/ml and incubated

at 37'C for 2, 6, or 24 h. At these times, the growth inhibition by these samples

was compared to that of a freshly diluted sample.
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CELL CYCLE EFFECTS OF PROSTAGLANDINS

cytotoxicity increased after 24-h incubation. This could be due
to the formation of the PGD2 metabolite, AI2-PGJ2, during
incubation. AI2-PGJ2 has been shown to be growth inhibitory

and exerts its cytotoxic effect after a short period of contact
with cells (15). Fitzpatrick and Wynalda (16) have also shown
that I'(. I) metabolizes into three novel dehydration products

and that this metabolism is catalyzed by human albumin.

Cell Kill

The survival of Bl6 cells exposed to PGA,, PGA2, and PGD2
is shown in Fig. 3, left. PGA, did not have much effect when
cells were exposed to the agent for 4 h, since only 25% of cells
were killed even at 10 ^g/ml. After 24-h exposure, a sigmoid-

survival curve was obtained, characterized by an initial shoulder
and followed by an exponential (log-linear) decline in survival
as the dose increased. PGA, killed only 20-30% of the cells at
doses up to 2 /tg/ml. Both PC.A, and PGD2 killed 99.9% of the
cells after 24-h exposure to 10 pg/ml. After 24-h exposure to

PGAi, PGA2, and PGD2, the 50% lethal dose was 3.4,3.4, and
5.2 ug/ml. respectively, and 90% lethal dose was 8.3, 5.7, and
6.6 Mg/ml, respectively.

The survival response of human melanoma SK Mel 28 cells
exposed for 22 h to PGA,, PGA2, PGD2, and PGJ2 is shown
in Fig. 3, right. The 50% lethal dose for PGA,, A2, D2, and J2
was 5, >10, 2.5, and 1.25 Mg/ml, respectively.

The survival response of B16 cells was different from the
human melanoma cells. The order of activity for B16 cells was
A2 > D2 > A,, whereas for human cells, D2 > A, > A2.

Towards the end of our study, we obtained PGJ2, and it was
studied for its cytotoxic activity. In contrast to the findings of
Fukushima et al. (17), PGJ2 was as growth inhibitory as PGD2
in LI210 cells (Table 1) but was more active in killing RPMI
7932 cells (Fig. 3, right).

Effect on Cell Progression

The cell cycle phase distribution of B16 and RPMI 7932 cells
during continuous exposure to l'(, A,. A:, and D2 are shown in
Figs. 4-8. We chose RPMI 7932 instead of SK Mel 28 for

KIELn
too

PG(meg/ml)
2 4 6 8 10

PC(meg/ml)

Fig. 3. Dose response for survival of B16 and SK Mel 28 cells exposed to
PGAi, PGA,, PGD2, and I'd.I,. Cell survival was determined by cloning.
meg. Mg.

CONTROL

PGA,

PGA,
5.0 ..g/ml

PGA2
2.5 ,.g/m

PGA2
5.0 .,g/ml

PGO;

2.5 ,.g/ml

PGD2
5.0 ,,g/m

6 13 24.5 48

HOURS AFTER DRUG EXPOSURE

Fig. 4. Representative DNA histograms of B16 cells exposed to PGAi, PGA2,
and l'<.!>.,. Cells were exposed continuously to 2.5 or 5 jig of PCs per ml and

were sampled at different times for flow cytometry.

CONTROL

PGA,
2.5 ..g/ml

PGA,
5.0 ..g/ml

PGA2
5.0 ..g/ml

PGD2
5.0 ..g/m

12 24 47
HOURS AFTER DRUG EXPOSURE

Fig. S. Representative DNA histograms of RPMI 7932 cells exposed to S Mg
of PCs per ml.

these studies, because the DNA histogram of SK Mel 28 showed
a small second peak next to the primary G, peak, which made
phase distribution analysis of these histograms very difficult.
Sample histograms of B16 and RPMI 7932 cells exposed to
PGs are shown in Figs. 4 and 5. The DNA histograms were
quantitatively analyzed to give the G,, S, G2-M phase distribu
tion values.
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Fig. 6. Cell distribution of B16 (A) and RPMI 7932 (B) cells during continuous
exposure to PGAi. The cell distributions were obtained by quantitative analysis
of the DNA histograms.

100

BO

60

40

20

2.5 â€žg/ml5.0 ..gfml
oâ€” Q, â€”â€¢
4- S -A

G.M â€¢

lu 10 20 30 40 50 |0 10 20 30 40 SO
DNTROL CONTRCONTROL CONTROL

HOURS AFTER DRUG EXPOSURE

Fig. 7. Cell distribution of BI6 (A) and RPMI 7932 (B) cells during continuous
exposure to PGAj.
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Fig. 8. Cell distribution of B16 (A) and RPMI 7932 (B) cells during continuous
exposure to PC;i >,.

PGAt
B16 (Figs. 4 and 6). At 2.5 /in/ml, cells started accumulating

in G i shortly after PGAi exposure with simultaneous decrease
in S-phase cells. After 13-h exposure to 2.5 Mg/ml, a large
percentage of cells had accumulated in GÃ¬(85 versus 60% in
control), the S-phase pool had depleted (6 versus 31% in con
trol), and the percentage of G2 + M cells had decreased. By 48
h the cells were being released from the GI block and progress
ing into S.

At 5 Mg/ml, the percentage of GI cells stayed at about the
control level, whereas the percentage of S-phase cells was
consistently lower than the control. The DNA histograms show
that, after 13 h, the percentage of cells in early S had decreased,
and most of the S-phase cells were in late S. These results
suggest that cells progressed slowly through S and that block
of progression from d to S depleted cells from early S with
gradual increase of the percentage of cells in late S (Fig. 4).

Cell progression through G2 + M was blocked, since the per
centage of G2 + M cells was consistently higher than the
control. However, the overall change in cell distribution at 5
tig/ml was not as great as that seen at 2.5 Mg/ml.

RPMI 7932 (Fig. 6). There was much less effect of PGAi on
RPMI 7932 cells as compared to its effect on distribution of
B16 cells. The maximum change was seen after 24-h exposure
to 2.5 Mg/ml, which decreased the percentage of S phase to 16.2
(control = 26.8%) with a corresponding increase in the per
centage of d cells. The effect of PGAi was reversed by 48 h
when the distribution of the treated cell was almost the same
as the control.

PGA2

B16(Figs. 4 and 7). The qualitative effectof PGA2was similar
to that of PGAi, although the change in cell distribution was
not as great.

RPMI 7932 (Fig. 7). Cell distribution did not change during
the first 12 h. Maximum change occurred after 24-h exposure
to 5 Mg/ml.The percentage of S-phase cells decreased to 8.7%
(control = 26.8%), and the percentage d cells increased to
83.5% (control = 65.7%). The effect of PGA2 was transitory,
since by 48 h, cell distribution was the same as in the control.
The transient effect of A2could be due to its instability, since
its growth-inhibitory effect was also lost after 24 h (Table 2).

B16 (Figs. 4 and 8). At 2.5 and 5 Mg/ml, the cell progression
from GI to S was blocked without much effect on progression
of S-phase cells. This resulted in accumulating cells in GI with
a corresponding decrease in the percentage of S-phase cells.
After 24-h exposure to 2.5 Mg/ml, 90% of the cells were in d
(control^ 60%) and 3.7% in S (control = 30%).

RPMI 7932 (Figs. 5 and 8). After 48-h exposure to 5 Mg/ml,
there was a marked reduction in the percentage of S cells (8.9
versus 29.3% in control) and increase in the percentage of GI
cells (87.3 versus 69.9% in control).

It was also evident that the time course of change in cell
distribution with PGD2 was different from that of PGAi or
PGA2. With PGD2, the maximum effect was seen at 48 h,
whereas with PGAi and PGA2, the cell distribution was ap
proaching that of the control at this time. This suggests that
the effect of PGD2 may be more long lasting than PGAi or
PGA2.

Overall these results show that the primary effect of all three
PCs was to block cell progression from GI to S. At 2.5 Mg/ml,
cell progression through S was not inhibited, whereas progres
sion from GI to S was blocked. This resulted in depletion of S-
phase cells and accumulation of cells in ( Â¡,.so that a condition
of parasynchrony was obtained where 80-90% of the cells were
in GI. This was particularly evident with B16 cells exposed to
PGAi and PGD2 and RPMI 7932 cells exposed to PGD2.

Inhibition of DNA, RNA, and Protein Synthesis by PGD2

Since PGD2 consistently accumulated a large percentage of
cells in d in both B16 and RPMI 7932 cells, its effect on
macromolecular synthesis was studied. The results showed that,
during the first 6 h of exposure, there was little effect on
macromolecule synthesis (Table 3). By 24 h, the cell distribution
had changed considerably, such that the percentage of S-phase
cells in the control was 43.4% as compared to 22.4% and 6%
for 2.5 and 5 Mg of PGD2 per ml, respectively. Since the
percentage of S-phase cells in the treated population was dif-
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Table 3 Inhibition ofDNA, UNA, and protein synthesis in B16 cells by PGD-Â¡

B16 cell monolayers were incubated with PGD2 for 6 or 24 h following which
radioactive label was added to the cells. After 1-h incubation with the label, the
cells were processed to determine incorporation of radioactivity into the acid-
insoluble fractions and to determine the percentage of cells in S phase by flow
cytometry.

% of control

6h 24 h

DNA
based on

DNA RNA Proteindprn/cell"PGD2,2.5

97.2 102.5 63.5
Mg/ml

PGDj, 5 97.6 117.2 103.8 7.1DNA

based
on dpm/S-
phaseceir RNAProtein123.1

80.9 79.1

43.4 52.7 80.4

* At 24 h in the control cells, radioactive label was incorporated into DNA,
RNA, and protein, respectively, to give 4.08 x 105,2.4x 10*,and3.0x lO'dpm/
10* cells. The specific activity (dpm/106 cell) of DNA was corrected for the
percentage of cells in S phase. The percentage of S-phase cells in the control was
43.4% as compared to 22.4% and 6% for 2.5 and 5 jig of PGDj per ml,
respectively.

ferent from that in the control, the specific activity of DNA
was expressed either as dpm/106 S-phase cells or as dpm/106
cells. When the specific activity was expressed as dpm/106 cells,

2.5 and 5 ng of PGD2 per ml caused 36.5 and 92.9% inhibition
of DNA synthesis. However, when the values were corrected
for the percentage of S-phase cells present in the treated pop
ulation, 2.5 and 5 Â¿tgof PGD2 per ml caused slight stimulation
and 56.5% inhibition of DNA synthesis, respectively. These
results corroborate the cell progression effects of PGD2. PGD2
at 2.5 fig/ml did not inhibit DNA synthesis and therefore did
not effect cell progression through the S phase. At 5 .Â«.u/ml,the
slower rate of progression through S phase was probably due
to the lower rate of DNA synthesis in these cells.

After 24 h, at both doses there was small (about 20%)
inhibition of protein synthesis. The inhibition of RNA synthesis
after 24 -h exposure to 5 /ig of PGD2 per ml was about equal to

the inhibition of DNA synthesis.

DISCUSSION

Our results show that, although PGA,, PGA2, and PGD2
were about equally active against B16 and LI210 cells, !'(â€¢!)
was 3- to 6-fold more potent than I'd A, and PGA2 against

human melanoma (RPMI 7932 and SK Mel 28) cells. Similar
differences in the response of murine and human melanoma
cells to PGs were also reported by Bregman and Meyskens (9).
PGAi and l'(II , were the most potent inhibitors of murine
melanoma cells, whereas PGD2 was 2- to 3-fold more potent
than PGAi on human melanoma cells, and !'(,!, was a very

weak inhibitor. We found that exposure to 2.5 jig of PGs per
ml for 24 h completely inhibited cell growth with only marginal
cell kill. This indicates that growth inhibition at this dose was
not due to cell lethality but due to the block in cell progression
and that this block therefore may be reversible. PGD2 metabo
lizes in the presence of serum albumin to several dehydration
products (16), of which A12-PGJ2 (9-deoxy-A9-12-13,14-dihydro-
!'( 11> i is the major component (15). Narumiya and Fukushima
also suggest that !'(,!> per se is inactive and that -VIH,.) is

the ultimate cytotoxic metabolite. These findings imply that
I'd I) may not be cytotoxic in a system where it is not metab

olized to PGJ2 derivatives.
Accumulation of S-49 lymphoma cells in GÃ¬after exposure

to dimethyl PGAi was first reported by Wiley et al. (18). They
also showed that this block was reversible so that removal of
dimethyl PGAi allowed cell progression into S. Later studies

showed that this was also true for the PGD2 metabolite PGJ2
(19). In our experiments, the primary effect of all three PGs
was to block cell progression from (., to S. At 2.5 mg/ml, the
blockade of cells in (,, combined with the normal progression
of cells through S, G2, and M to Gt resulted in accumulation
of about 80-90% of the cells Â¡n( I,. This partial synchronization
of cells in GI depended on the cell line and the PG used. PGAi
and l'< iI) were more effective than PGA2 in blocking cells in

GI. Also B16 cells were usually more responsive than RPMI
7932 cells. PGAi, PGA2, and PGD2 also accumulated L1210
cells in GÃ¬(results not shown) after 24- h exposure, although
the degree of synchrony (measured as percentage of ( ;, cells)
obtained was not as high as that with B16 cells.

Several workers (3, 20) have attempted to correlate growth
inhibition of the tumor by PGs to their inhibition of DNA
synthesis. We show that long-term exposure to PGs signifi
cantly changes cell distribution, resulting in a lower percentage
of S-phase cells than in the control untreated population. There
fore it is essential that in determining the inhibition of DNA
synthesis, the percentage of cells synthesizing DNA (i.e., per
centage of S-phase cells) be taken into account. This correction
was not made in the results reported by Honn et ai. (3) and
Simmet and Jaffe (20). When this correction is made, our
results clearly indicate that growth inhibition can occur without
corresponding inhibition of DNA synthesis (Table 3).

The mechanism of the growth-inhibitory action of the PGs
is not understood yet. It has been suggested that, in some
biological systems, PG modulates growth by stimulating ade-
nylate cyclase activity, thereby increasing intracellular cAMP
levels (21). However, evidence contradicting the role of cAMP
in modulating PG-mediated growth inhibition has also been
presented. Wiley et al. (22) showed that, in "desensitized" BHK-

21 cells, PGE2 did not increase cAMP levels but still inhibited
DNA synthesis. Also l'(. K, did not elicit a cAMP response, but

it still inhibited DNA synthesis (22). In further studies, Wiley
et al. (18) used S49 cells lacking the JV-component of adenylate
cyclase. These cells cannot increase intracellular cAMP on
treatment with PG, but PG still inhibits DNA synthesis. Breg
man and Meyskens (8) also showed that 10 /tg of PGAi and
PGEi per ml completely inhibited colony formation by human
melanoma cells without increasing cAMP levels. Our experi
ments show that, during 24 h exposure to 2.5 Â¿tgof PGD2 per
ml, there was no inhibition of DNA synthesis, cells progressed
apparently normally through S, and that cells were blocked in
GI resulting in growth inhibition. These results suggest that at
this concentration PGD2 does not inhibit DNA synthesis in
cells that had already initiated synthesis. Cells were blocked in
GÃ¬either due to inhibition of initiation of DNA synthesis or by
some other mechanism.

Several new PGs which are more cytotoxic (17, 23) have been
synthesized by Japanese workers and are described below.
PGD2 metabolizes in culture medium to 9-deoxy-A9-A12-PGD2
(16, 24) which has been named A12-PGJ2. Since A7-PGA, and
AI2-PGJ2 are much more cytotoxic than their parent com

pounds (PGAi and PGD2), this demonstrated that the alkyli-
dene cyclopentanone structure enhances the activity of PGs.
Recently several PGs which are much more cytotoxic by virtue
of the alkylidene cyclopentanone structure have been reported
by Fukushima et al. (25). The clavulones are acetoxy derivatives
of A7-PGAi and have IDÂ» values of about 0.3 /Â¿g/ml.The
punaglandins (acetoxy derivative of 10-C1-12-OH-A7-PGA,) are

still more cytotoxic with IDÂ»values in the range of 0.02 /Â¿g/
ml. The cytotoxicity of these PGs is similar to those of vincris-
tine and Adriamycin, which increases the likelihood that these
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PCs may be effective cancer chemotherapeutic agents.
Bregman et al. (26) have reported on the synergistic cell-

killing effect of combinations of several antiproliferative hor
mones such as dexamethasone, retinoids, and IHiA, We are
now involved in devising drug combinations that take advantage
of the partial synchronization by PGD2 of cells in (.,. For
example, if removal of PGD2 allows the cells to progress
synchronously into S, then treatment with an S-phase-specific

agent is likely to cause synergistic cell kill. Also, exposure of
blocked d cells to alkylating agents [such as melphalan which
is most lethal in M and early (Â¡,(27)] may also result in
synergistic cell kill. We believe that PCs can be profitably used
in modulating the effect of other antitumor agents in combi
nation.
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