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Prostaglandins E1 and E2 interact with prostaglandin F2a to
regulate initiation of DNA replication and cell division in
Swiss 3T3 cells

(lag phase/insulin/2-deoxyglucose uptake/wound healing/transformation)
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Communicated by Robert W. Holley, May 20, 1982

ABSTRACT Prostaglandin (PG) E1 or E2 added at 2-1,000
ng/ml to quiescent cultures of Swiss 3T3 cells synergistically en-
hanced the rate of initiation of DNA replication stimulated by
PGF2. alone or with insulin. Neither PGD2 nor PGF1. had any
effect with PGF2a. An increase in the rate of entry into S phase
also occurred when PGE1 or PGE2 was added 8 or 15 hr after ad-
dition of PGF2a. However, adding PGE1 and PGE2 together with
PGF2a did not further enhance the synergistic effect observed
with PGE1 or PGE2 separately. The synergistic effect was also
observed in stimulation of 2-deoxyglucose uptake but not in early
changes of intracellular levels ofcAMP. These results may be rel-
evant in understanding the control of fibroblastic proliferation in
wound healing and may provide an alternative mechanism for
oncogenic transformation.

An important property of normal animal cells is their ability to
regulate the frequency of initiation ofDNA replication and cell
division in response to changes in the physiological and archi-
tectural requirements ofthe organism (1-4). Among the growth-
promoting substances and hormones involved in modulating the
regulatory mechanisms are prostaglandins (PGs) of the E and
F series, which are synthesized and released by various mam-
malian cell types in response to different pathological and phys-
iological changes (4-6). Different human cancers (7-9), chem-
ically and virally induced tumors in animals (10, 11), and
cultured human and animal cancer cells (12, 13) produce high
levels ofPGE1, PGE2, and PGF2.. Likewise, BALB/c 3T3 cells
transformed by oncogenic DNA viruses exhibit increased rates
of synthesis of PGE1, PGE2, and PGF2, compared with their
normal counterparts (14). In normal tissue, wound healing is
accomplished mainly by the proliferation of fibroblasts (15). The
primary response to injury is the aggregation ofplatelets in cap-
illaries at the edge of the wound (16) and it has been shown in
vitro that PGF2. and PGE2 are released on aggregation (17).
However, a causal relationship between release of the PGs and
fibroblastic proliferation in vivo has not yet been established.

It has been shown in resting confluent cultures of Swiss 3T3
and other fibroblastic cells that PGF2a can stimulate chromo-
somal DNA replication and cell division (18-20). In particular,
Swiss 3T3 cells have provided a useful model system to study
how PGF2a alone or with modulating hormones regulates cell
proliferation (4). Here, we show that PGE1 and PGE2 added
at physiological concentrations to quiescent Swiss 3T3 cells syn-
ergistically enhance the rate ofinitiation ofDNA synthesis stim-
ulated by PGF2,. The relevance ofthese results for understand-

ing wound-healing as well as uncontrolled growth of transformed
or oncogenic cells producing PGs is discussed.

MATERIALS AND METHODS
Cell Cultures. Swiss mouse 3T3 cells (21) were propagated

at 370C in 10% C02/90% air in Dulbecco's modified Eagle's
medium/10% fetal calf serum containing streptomycin at 100
,ug/ml and penicillin at 100 units/ml (4).

Assay for Initiation of DNA Synthesis and Determination
of Rate Constant for Entry into S Phase. Swiss 3T3 cells were
plated at 1.5 x 105 per 35-mm dish in 2 ml of Dulbecco's mod-
ified Eagle's medium/6% fetal calf serum supplemented with
low molecular weight nutrients as before (4, 20). Three days
after seeding, the cells were given fresh medium supplemented
as before and then allowed to become confluent and quiescent
for 3 to 4 days. PGs were dissolved in ethanol and diluted so
that the final concentration of ethanol in the conditioned me-
dium was <0.05%. Cells were radioactively labeled for auto-
radiography by exposing the cultures to 1 AM [methyl-
3H]thymidine (3 jCi/ml; 1 Ci = 3.7 X 1010 becquerels)] from
the time of additions until the times indicated in each experi-
ment. Pairs ofcultures were then processed for autoradiography
(4). The rate constant (k) for entry into S phase and the duration
of the lag phase were calculated as described before (4).
cAMP Measurement. For determination oftotal intracellular

levels of cAMP, the cells were plated at 2.5 X 105 per 50-mm
dish in 5 ml of culture medium as for the assay of DNA syn-
thesis. Thirty or sixty minutes after additions, the culture me-
dium was removed and cultures were rinsed twice within 10 sec
with cold 140 mM NaCI/6.7 mM KCI/0.7 mM CaC12/0.5 mM
MgCl2/0.4 mM Na2PO4/25 mM Tris HCI, pH 7.4. Then,
cAMP was extracted by covering the cell monolayer with 1 ml
of 0.1 M HCl in 95% ethanol at 4°C and scraping the cells from
the dish. The dish was rinsed with 1 ml of the same solution,
and the rinse was pooled with the cell extract. After 16 hr or
longer, the samples were centrifuged at 1,060 X g for 20 min
at 4°C. The clear supernatants were evaporated to dryness on
a 60°C water bath using an airstream. The dried extracts were
suspended in radioimmunoassay buffer (New England Nuclear
kit for determining cAMP by radioimmunoassay) and assayed
in duplicate for cAMP (22). This method recovers at least 90%
of the radioactive cAMP added to the samples at the time of
addition of acidic ethanol. In addition, the cyclic nucleotide
nature of the radioimmunoactivity was verified by cyclic nu-

Abbreviations: PG, prostaglandin; PGD2, prostaglandin D2; PGE1,
prostaglandin E1; PGE2, prostaglandin E2; PGF1,,, prostaglandin Fls;
PGF2,,a, prostaglandin F2a.
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FIG. 1. Enhancement by PGE1 (A) and PGE2 (B)
of initiation of DNA synthesis stimulated by PGF2.
(300 ng/ml) alone or with insulin (60 ng/ml). (A)
A, PGF2,/PGE,; A, PGF2j/insulin/PGEI; o, PGE1
only; *, PGE,/insulin. (Inset): o, PGF2,/PGF,.; *,
PGF2a/insu1Lin/PGFij,; c, PGFia only; *, PGFia/in-
sulin. (B) v, PGF2./PGE2; v, PGF2./insulin/PGE2;
o, PGE2 only; e, PGE2/insulin. (Inset) ci, PGF2a/
PGD2; *, PGF2./insulin/PGD2; A, PGD2 only; A,
PGD2/insulin. Cultures were exposed to [methyl-
3Hlthymidine for 0-28 hr after additions and then
processed for autoradiography.

cleotide phosphodiesterase treatment of control samples prior
to radioimmunoassay (23). The protein pellets were dissolved
in 100 til of 0.4 M NaOH, and the mixtures were incubated at
30'C for 15 min and then diluted by adding 250 Al of water.
Duplicate samples were analyzed for protein content according
to Bradford (24).

Measurement of 2-Deoxyglucose Uptake. Uptake of 2-
deoxy[3H]glucose was determined in a 10-min pulse 6 hr after
stimulation as described (25).

Materials. PGs were the gift ofJohn Pike, Upjohn Company.
Fatty acids, insulin, and thymidine were purchased from Sigma.
[meth1yl-3H]Thymidine (28 Ci/mmol) and 2-deoxy[3H]glucose
(22 Ci/mmol) were obtained from the Radiochemical Centre
(Amersham, England). Antibodies and the "2I-labeled cAMP
tracer for determination of cAMP were purchased from New
England Nuclear.

RESULTS
Interaction of PGF2. with Other PGs: Effect on DNA Syn-

thesis. PGF2. added alone at a saturating concentration (300 ng/
ml) to quiescent Swiss 3T3 cells stimulated the initiation of
DNA synthesis, resulting in 22% labeled nuclei after 28 hr (Fig.
1). For other PGs, such as PGE1, PGE2, PGF1a, and PGD2,
which differ from PGF2, only by a hydroxyl group or the A5

double bond, much higher concentrations were required to
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even marginally stimulate DNA synthesis in these cells (Fig.
1). Insulin at a concentration that does not stimulate DNA syn-
thesis (60 ng/ml) enhanced the stimulatory effect of PGF2. to
a labeling index of 50%. The stimulatory effects on the other
four PGs were also enhanced by insulin; however, even at 1 /ug/
ml, the synergistic effects were less than that observed with
PGF2. at the lower concentration (Figs. 1 and 2).

PGE1, at 2 ng-1 pug/ml, added to cells stimulated by PGF2,
(300 ng/ml) synergistically enhanced the labeling index by in-
creasing it to 51% (Fig. 1A). Similarly, PGE2, at the same con-

centration, increased the PGF2a-stimulated labeling index to
48% (Fig. 1B). The concentration of PGE1 and PGE2 giving
maximal enhancement was -20 ng/ml. Insulin further en-

hanced the stimulation by PGF2, with PGE1 or PGE2 to 78%
(Fig. 1 A and B). The addition of PGE1 (100 ng/ml) and PGE2
(100 ng/ml) together to cells stimulated by PGF2a (300 ng/ml)
did not further increase the enhancement produced by either
PGE1 or PGE2 separately (Table 1). The stimulation of DNA
synthesis was also reflected in an increase in cell number 48 hr
after additions (Table 1). Neither PGFia nor PGD2 at concen-

trations up to 1 pug/ml had any effect on cells stimulated by
PGF2a, either alone or with insulin (Fig. 1 A and B Insets). PGs
Al, A2, B1, and I2 (prostacycin), which alone show no stimu-
latory effect on DNA synthesis (up to 1 ,ug/ml) in these cells
(26), likewise did not enhance the effect of PGF2, (not shown).
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FIG. 2. Effect of various concentrations of PGF2a
20 alone or with PGE1 (100 ng/ml) or PGE2 (100 ng/

ml) without or with insulin (60 ng/ml). (A) o, PGF2.
only; e* PGF2a/insulin; A, PGF2a/PGEi; A, PGF2j/
insulin/PGE,. (B) o, PGF2- only; e, PGF2a/insulin;

0 o, PGF2J/PGE2; *, PGF2j/insulin/PGE2. Cultures
O were exposed to [methyl-3Hlthymidine for 0-28 hr

after additions and then processed for autoradiog-
raphy.
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Table 1. Interaction of PGs and fatty acids with PGF2,: Effect on labeling index and cell number
Without insulin With insulin

% labeled Cells,. % labeled Cells,
Addition(s) nuclei no. x i0- nuclei no. x 10-

None 0.5 7.9 0.7 8.0
PGF2. 22.0 9.6 51.8 12.0
PGF20/PGE1 52.0 12.1 77.5 14.1
PGF2JPGE2 49.7 11.9 78.0 13.9
PGF2a/PGF1a 23.4 9.7 53.0 12.2
PGF2JPGD2 21.6 9.5 52.8 12.3
PGF2a/iinoleic acid 21.7 51.4
PGF2/oleic acid 21.9 - 51.2
PGF2J/arachidonic acid 22.0 - 50.9
PGF2J/PGEl/PGE2 53.9 12.9 79.0 14.3
PGE1/PGE2 1.8 - 3.5
10% fetal calf serum 95.0 17.1 -

PGF2. and fatty acids were added at 300 ng/ml. Other PGs were added at 100 ng/ml. For determination
of labeling index, cells were exposed to [methyl-3Hlthymidine for 0-28 hr after additions before they were
processed for autoradiography. For determination of cell number, cells were plated at 1.5 x 105 per 50-
mm dish as for the DNA synthesis assay, suspended 48 hr after additions with 0.05% trypsin, and then
counted-in isotonic buffer with a Coulter Counter.

Furthermore, linoleic acid, oleic acid, and arachidonic acid (a
precursor of PGs) had no effect on DNA synthesis (Table 1).

Since physiological concentrations of PGs in normal tissues
and body fluids are generally lower than the saturating con-
centrations for stimulating DNA synthesis in Swiss 3T3 cells,
the synergistic effect ofthese PGs was studied at concentrations
1-10% of those found in various human tissues (27). At 3
ng/ml, neither PGF2,, PGE1, nor PGE2 alone had any stim-
ulatory effect on quiescent cells within 28 hr (Fig. 1 and Table
2). PGF2. together with either PGE1 or PGE2 had a very small
effect (about 2% labeled nuclei). However, in the presence of
a low concentration of insulin (6 ng/ml), this marginal stimu-
lation was enhanced to 11%. For PGF2., PGE1, and PGE2 each
added alone at 6 ng/ml, only PGF2. showed some stimulatory
activity with insulin (Table 2). Addition of PGE1 or PGE2 to-
gether with PGF2,, all at 6 ng/ml, had a synergistic effect re-
sulting in a labeling index of=8%, which was further enhanced
by insulin to =23% within 28 hr. Thus, at these low concen-
trations, PGF2, together with insulin and PGE1 or PGE2 stim-

Table 2. Interaction of PGF2a with PGE1, PGE2, and insulin at
low concentrations

% labeled nuclei
With insulin

Addition(s) Without insulin (6 ng/ml)
None 0.52 ± 0.33 0.51 ± 0.23

Prostaglandins at 3 ng/ml
PGE1 0.51 ± 0.21 0.60 ± 0.14
PGE2 0.49 ± 0.16 0.31 ± 0.12
PGF2. 1.04 ± 0.57 2.51 ± 0.41
PGF2J/PGE1 2.24 ± 0.48 10.94 ± 1.50
PGF2G/PGE2 1.68 ± 0.38 10.30 ± 1.46
PGF2J/PGEl/PGE2 2.60 ± 0.52 10.86 ± 1.30

Prostaglandins at 6 ng/ml
PGE1 0.51 ± 0.14 0.48 ± 0.20
PGE2 0.50 ± 0.19 0.53 ± p.23
PGF2. 2.40 ± 0.86 6.55 ± 0.78
PGF2./PGE1 7.67 ± 1.27 23.20 ± 2.89
PGF2J/PGE2 7.45 ± 0.87 21.14 ± 2.85
PGF2a/PGEl/PGE2 8.50 ± 1.40 23.33 ± 2.19

Labeling index was determined as in Table 1. Results are mean ±
SD calculated from six different experiments. Each experiment was
done in duplicate and an average of 1,200 cells were counted per dish.

ulates quiescent confluent Swiss 3T3 cells to initiate DNA syn-
thesis. Adding both PGE1 and PGE2 together with PGF2a,
alone or with insulin, at these low concentrations did not further
increase the effect produced by PGE1 or PGE2 alone (Table 2).

Addition of either PGE1 or PGE2 at 100 ng/ml reduced the
saturating concentration of PGF2. required to maximally stim-
ulate DNA synthesis from -200 to 30 ng/ml (Fig. 2). In the
presence ofinsulin and PGE1 or PGE2, concentrations ofPGF2
as low as 2 ng/ml were sufficient to increase the labeling index
to --30% after 28 hr.

Time-Dependent Regulation by PGs of Entry into S Phase.
PGF2, stimulates DNA synthesis by regulating two different
parameters: (i) the length of the lag phase (=15 hr) and (ii) the
rate ofinitiation ofDNA synthesis, which follows apparent first-
order kinetics. The latter process is quantified by a rate con-
stant k (4). How do PGE1 and PGE2 modulate the stimulation
ofDNA synthesis?The synergistic effect ofPGE1 and PGE2 was
due to a marked increase in the rate of entry into S without
changing the length of the lag phase (Fig. 3 A and B). PGE1 or
PGE2 can also be added 9 or 15 hr into the lag phase, but then
the synergistic effect was less than that observed when either
was added together with PGF2.. However, when PGE1 or
PGE2 was added at 15 hr, the time required to increase the ini-
tial PGF2 -induced rate was :5 hr.

Insulin did not change the pattern of interaction of PGE1 or
PGE2 with PGF2a, although it increased the rate of entry into
S phase. Adding PGE1 or PGE2 9 hr after PGF2a and insulin,
however, resulted in the same rate constant as ifPGE1 or PGE2
had been added with PGF2 and insulin (Fig. 3 C and D). A
similar enhancement was observed when PGE1 or PGE2 was
added 15 hr after PGF2, and insulin, yet 5 hr were required to
increase the rate induced by PGF2, and insulin.

Changes in Intracellular Levels of cAMP and 2-Deoxyglu-
cose Uptake. In some cellular systems a predominant effect of
PGE1 is to increase the intracellular levels ofcAMP. PGF2. in-
duces the protein synthesis-dependent phase of2-deoxyglucose
uptake in Swiss 3TM cells (4, 25). A question as to the mechanism
by which these PGs act is whether the synergistic effect ofPGE1
and PGE2 with PGF2. on initiation of DNA synthesis is ex-
pressed through these two biochemical events. Neither PGF2.,
insulin, nor PGF2. and insulin together increased the intracel-
lular cAMP levels measured after 30 and 60 min, and fetal calf
serum transiently reduced the cAMP level (Table 3). PGE1,

ACIQA
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FIG. 3. Kinetics of entry into phase stimulated by PGF2, (300
ng/ml) alone or with PGE1 (100 ng/ml) or PGE2 (100 ng/ml) without
or with insulin (60 ng/ml). (A) x, no additions (k = 0.0005/hr);v,
PGE1 only (k = 0.0006/hr); o, PGF2. only (k = 0.016/hr); PGF2,. with
PGE1 added at 0 hr (*; k = 0.055/hr), 9 hr (o; k = 0.039/hr), and 15
hr (A; k = 0.033/hr). (B) v, PGE2 only (k = 0.0006/hr);o, PGF2. only
(k = 0.016/hr);PGFM with PGE2 added at 0 hr(o; k = 0.051/hr), 9
hr(o; k = 0.037/hr), and 15 hr (A; k = 0.032/hr). (C) x, insulin (k =

0.0006/hr); v, PGE,/insulin(k = 0.0005/hr), o,PGF2.only(k = 0.016/
hr); m, PGF2a/insulin (k = 0.061/hr);o, serum only (k = 0.246/hr);
PGF2j/insulin with PGE1 added at 0hr(o; k = 0.13/hr), 9hr(o; k
= 0.13/hr), and 15 hr (A; k = 0.12/hr).(D) v, PGE2 only (k = 0.0006/
hr);o, PGF2a only (k = 0.016/hr);*, PGF2a/insulin (k = 0.061/hr);
PGF2a/insulin with PGE2 added at 0 hr(o; k = 0.12/hr), 9 hr (e; k
= 0.12/hr), and 15 hr (A; k = 0.11/hr). Inall cases, the lag phase was

14.5 hr long; [methyl-3Hlthymidine was present from the initial ad-
dition until the times indicated.

alone or with insulin, increased the cAMP level after 30 min
about 5-fold and, after 60 min, the cAMP level decreased to
values near to control. In contrast, PGE2 stimulated only a

marginal increase after 30 min. Thus, PGE1 and PGE2 differ
in that, at these concentrations, only PGE1 increased the in-
tracellular cAMP level and that transiently. When added with
PGF2, or PGF2, and insulin, PGE1 stimulated a transient in-
crease in cAMP levels similar to that observed with PGE1 alone.
Adding PGE2 with PGF2, or PGF2, and insulin did not increase
cAMP levels as compared with the effect of PGF2,. Thus, there
appears to be no correlation of intracellular cAMP level in the
first 60 min of the lag phase and the rate of initiation of DNA
synthesis.
The synergistic interaction of PGF2, and insulin is observed

in the stimulation of the protein synthesis-dependent phase of
2-deoxyglucose uptake measured 6 hr after additions (4, 25)
(Table 3). Both PGE1 and PGE2 had only marginal effects on

2-deoxyglucose uptake, and only an additive effect was ob-
served together with insulin (Table 3). In contrast, both PGE1
and PGE2 had synergistic effects with PGF2, on 2-deoxyglucose
uptake that were further enhanced by insulin. As observed for
DNA synthesis, adding PGE1 and PGE2 together with PGF2,

100 Table 3. Changes in intracellular cAMP levels and

2-deoxyglucose uptake on addition of PGs
cAMP,. 2-Deoxyglucose

pmol/mgof uptake
protein (pmolpm /min)/mg

Addition(s) 30 min 60 min of protein (5 hr)
None 18.5 19.5 8.8
Insulin 19.0 16.9 21.8
PGF2. 17.9 12.1 39.6
PGF2jinsulin 20.3 14.3 106.2
PGEI 91.7 30.4 12.6
PGE1/insulin 96.8 33.0 26.5
PGE2 23.2 16.4 10.5
PGE2/insulin 29.2 11.8 28.2
PGFu,/PGE, 95.5 50.8 95.8
PGF./JPGE,/insulin 111.4 30.4 169.6
PGF2I/PGE2 9.4 17.5 85.0
PGFu/PGE2/insulin 15.7 19.0 158.7
PGF2a/PGElJPGE2 ND ND 96.0
Fetal calf serum 5.3 13.6 312.0

Additions were made to quiescent Swiss 3T3 cells cultured as de-
scribed for initiation of DNA synthesis. Concentrations used were

insulin, 60 ng/ml; PGF21,,300 ng/ml; PGEj, 100 ng/ml; PGE2, 100
ng/ml; fetal calf serum, 10%. Experimental values were within 10%
of the mean. ND, not determined.

did not result in further enhancement of 2-deoxyglucose up-
take (Table 3).

DISCUSSION
The observations that, in Swiss3T3 cells, PGF2, alone induces
a low rate of initiation of DNA synthesis and the stimulatory
effect of PGF2, can be modulated by hormones such as insulin
(which alone does not stimulate DNA synthesis) are compatible
with the present view that in vivo the growth of normal cells
is regulated by low concentrations of various hormones and
growth-stimulating factors. Here, we have shown that another
class of PGs, PGE1 and PGE2, which like PGF2, are produced
by numerous mammalian cell types, can synergistically interact
with PGF2, in stimulating initiation ofDNA synthesis. Together
with another ubiquitous hormone, insulin, very low concentra-
tions of PGs are sufficient to stimulate =25% of the cells to ini-
tiate DNA synthesis within 28 hr. PGE1 and PGE2, like insulin,
approximately double the rate of PGF2-induced entry into S
phase when added at any time of the lag phase; each requires
=5 hr to increase the rate when supplemented at the end of the
lag phase (Fig. 3; ref. 4). However, since insulin increases the
PGE1 or PGE2 enhancement of the PGF2, effect, PGE1 and
PGE2 are likely to act through different mechanisms than in-
sulin. Furthermore, PGE1 and PGE2 together with PGF2 did
not further enhance the synergy produced by either PGE1 or

PGE2 separately. This indicates that PGE1 and PGE2 probably
act through a common mechanism with an event involved in
regulating the rate of initiation of DNA synthesis.

The synergistic interaction between PGF2, and PGE1 or

PGE2 is also seen in the protein synthesis-dependent phase of
2-deoxyglucose uptake. The stimulation of 2-deoxyglucose up-

take by PGF2,., as well as its enhancement by PGE1, PGE2, or

insulin, was blocked by actinomycin and cycloheximide (not
shown), indicating that these processes are dependent on

mRNA and protein synthesis. This suggests that the synergy

observed on DNA synthesis may be expressed through a protein
synthesis-dependent event. But it is not yet known whether the
synergistic effect observed on 2-deoxyglucose uptake is ex-

pressed on the same or on a different pathway from that leading
to entry into S phase.
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The observation that PGE1, but not'PGE2, stimulates a tran-
sient increase of intracellular cAMP levels is supported by sim-
ilar results in other clones of Swiss 3T3 cells (ref. 6; unpublished
results) as well as in BALB/c 3T3 cells (28). Likewise, PGE2
is less effective than PGE1 in stimulating adenylate cyclase in
Swiss 3T3 cells (29). The synergistic effects of PGE1 and PGE2
with PGF2q on DNA synthesis are, therefore, unlikely to be
modulated by this event. Furthermore, PGF2. alone or with
insulin does not increase intracellular cAMP levels (Table 2),
and 1-100 AM 8-bromo-cAMP had no effect on DNA synthesis
stimulated by PGF2,,, and insulin (data not shown). In contrast,
high concentrations of PGE1 (40 Ag/ml), which increase intra-
cellular cAMP to levels similar to those observed at low con-
centrations, or 8-bromo-cAMP at 1 mM inhibited the stimu-
lation of DNA synthesis (ref. 4; data not shown). Thus, there
appears to be no correlation between the early transient change
in intracellular cAMP level and the regulation of rate of entry
into S phase by PGs in Swiss 3T3 cells. This is in agreement with
a recent report that, under different culture conditions, insulin,
epidermal growth factor, and fibroblast-derived growth factor,
which stimulated DNA synthesis, did not increase cAMP'levels
by themselves (30).

The observation that both PGE1 and PGE2 act synergistically
with PGF2. suggests that PGF2, acts through different mech-
anisms than PGE, and PGE2 and that PGF2,,, interacts with a
receptor that is distinct from that with which PGE1 and PGE2
interact. Indeed, different receptors for PGF2a and PGE have
been demonstrated on bovine corpora lutea cells (6). 'Further-
more, PGE receptors have high and low affinity sites, which
preferably bind PGE1 in a fibroblastic cell line (6). From the
results with cAMP and 2-deoxyglucose, it is not apparent
whether, in Swiss 3T3 cells, PGE1 and PGE2 act through dif-
ferent receptors or share a common receptor with different
binding affinities.
The synergy between PGs may be an important mechanism

involved in growth control of normal fibroblastic cells and un-
controlled growth of certain transformed cells. Normal fibro-
blastic growth leads to the formation of connective tissue,
which, in the wound-healing process, results in a scar (15).
Wounding leads to platelet aggregation on the blood vessel wall
(16). Within 5 min after experimental induction of platelet ag-
gregation by thrombin, PGF2, and PGE2 are released to con-
centrations of =10 and 35 ng/ml, respectively (17). The ex-
periments presented in this paper show that these concentrations
are high enough to stimulate proliferation and migration of fi-
broblasts (unpublished results) derived from tissue adjacent to
awound (15). In the presence ofother hormones such as insulin
this stimulation could be synergistically enhanced.

It has been postulated that transformed cells proliferate in-
dependently of serum factors because they are constitutively
stimulated by polypeptide growth factors produced by them-
selves (31, 32). Since a number of cancer and transformed cells
show a high production of PGs (5, 14), this may provide an al-
ternative mechanism to bypass the normal controls of cell pro-
liferation. Our results provide the framework for a hypothesis
to study the role ofPGs in the control of proliferation ofnormal
and transformed. cells.

We thank Drs. Robert W. Holley and Denis Monard for stimulating
and creative discussions. We also thank Drs. Margaret Eschenbruch
and Jorge Martin-P6rez for reading the manuscript and Lorna White
for skillful typing. This work was supported by National Cancer Institute
Grant CA24395 (to M.N.H.).
1. Baserga, R. (1976) Multiplication and Division in Animal Cells

(Dekker, New York).
2. Dulbecco, R. (1975) Proc. R. Soc. London. Ser. B 189, 1-14.
3. Holley, R. W. (1975) Nature (London) 258, 487-490.
4. Jimenez de Asua, L., Richmond, K. M. V., O'Farrell, M. K.,

Otto, A. M., Kubler, A. M. & Rudland, P. S. (1979) in Hormones
and Cell Culture, Cold Spring Harbor Conferences in Cell Pro-
liferation, eds. Sato, G. H. & Ross, R. (Cold Spring Harbor Lab-
oratory, Cold Spring Harbor, NY), pp. 403-424.

5. Karim, S. M. M., ed. (1972) The Prostaglandins, Progress in Re-
search (Medical and Technical Publishing, Oxford, England).

6. Samuelsson, B., Goldyne, M., Granstrom, E., Hamberg, M.,
Hammarstrom, S. & Malmsten, C. (1978) Annu. Rev. Biochem.
47, 997-1029.

7. Williams, E. D., Karim, S. M. M. & Sandler, M. (1968) Lancet
A3, 22-23.

8. Grimley, P. M., Deftos, L. J., Weeks, J. R. & Rabson, A. S.
(1969) J. Natl. Cancer Inst. 42, 663-671.

9. Bhana, D., Hiller, K. & Karim, S. M. M. (1971) Cancer 27,
233-237.

10. Tan, W. C., Privett, 0. S. & Goldyne, M. E. (1974) Cancer Res.
34, 3229-3231.

11. Humes, J. L. & Strausser, H. R. (1974) Prostaglandins 5,
183-196.

12. Levine, L., Hinkle, P. M., Voelkel, E. F. & Tashjian, A. H.
(1972) Biochem. Biophys. Res..Commun. 47, 888-892.

13. Thomas, D. R.,. Philpott, G. W. & Jaffe, B. M. (1974) Exp. Cell
Res. 84, 40-46.

14. Hammarstr6m, S. (1977) Eur. J. Biochem. 74, 7-12.
15. Ross, R. (1968) Biol Rev. 43, 51-111.
16. Ross, R. & Harker, L. (1976) Science 193, 1094-1100.
17. Hamberg, M., Svensson, J. & Samuelson, B. (1974) Proc. Natl

Acad. Sci. USA 71, 3824-3828.
18. Taylor, L. & Polgar, P. (1977) FEBS Lett. 79, 69-72.
19. Jimenez de Asua, L., Clingan, D. & Rudland, P. S. (1975) Proc.

Nati Acad. Sci. USA 72, 2724-2728.
20. O'Farrell, M. K., Clingan, D., Rudland, P. S. & Jimenez de

Asua, L. (1979) Exp. Cell Res. 118, 311-321.
21. Todaro, G. J. & Green, H. (1963) J. Cell Biol 17, 299-313.
22. Steiner, A. L., Parker, C. W. & Kipnis, D. M. (1972) J. Biol

Chem. 247, 1106-1113.
23. Boss, B. D. (1978) Dissertation (University of California, San

Diego), pp. 46-51.
24. Bradford, M. (1976) AnaL Biochem.'72, 248.
25. Jimenez de Asua, L., O'Farrell, M. K., Bennett, D., Clingan, D.

& Rudland, P. S. (1977) Nature (London) 265, 151-153.
26. Jimenez de Asua, L., Otto, A. M., Ulrich, M.-O., Martin-Perez,

J. & Thomas, G. (1982) in Prostaglandins and Cancer in the Pros-
taglandin and Related Lipids, eds; Bockman, R. S., Hoon, K. V.,
Powles, T. & Ranwell, P. (Alan Liss, New York), pp. 309-331.

27. Karim, S. M. M., Sandler, M. & Williams, E. D. (1967) Br. J.
Pharmacol Chemother. 31, 340-344.

28. Claesson, H. E., Lindgren, J. A. & Hammarstrom, S. (1977)
FEBS Lett. 81, 415-418.

29. Peery, C. V., Johnson, G. S. & Pastan, I. (1971) J. Biol Chem.
246, 5785-5790.

30. Rozengurt, E., Legg, A., Strang, G. & Courtenay-Luck, N.
(1981) Proc. NatL Acad. Sci. USA 78, 4392-4396.

31. Bark, R. R. (1976) Exp. Cell Res. 101, 293-298.
32. Todaro, G. J. &LDe Larco, J. E., Fryling, C., Johnson, P. A. &

Sporn, M. B. (1981) J. Supramol Struct. Cell Biochem. 15,
287-301.

4996 Cell Biology: Otto et al.


	Iowa State University
	From the SelectedWorks of Marit Nilsen-Hamilton
	1982

	Prostaglandins E1 and E2 interact with prostaglandin F2alpha to regulate initiation of DNA replication and cell division in swiss 3T3 cells
	tmp0HKcsz.pdf

