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Abstract--The effects of the tumor-promoting phorbol diester 12-O-tetra- 
decanoyl-phorbol-13-acetate (TPA)  on [3H] thymidine (TdR)  uptake and incor- 
poration, induction of ornithine decarboxylase activity and on phosphate uptake and 
metabolism were studied in secondary cultures of rat embryo cells. Treatment with TPA 
or refeeding with serum-containing fresh medium elicited a stimulation of [3H] TdR 
incorporation and cell division in both resting and growing cells. By comparing the 
effects of both mitogenic treatments applied separately or together during the JTnst 
induced mitotic cycle, it was possible to identify the TPA-associated alterations which 
were not related to the proliferative response. Phosphate uptake and metabolism as well 
as ornithine decarboxylase activity and thymidine triphosphate synthesis were similarly 
affected by either treatment. In contrast, TPA caused an early and transient inhibition 
of [3H] TdR uptake under conditions where a medium change produced a stimulation. 
The non-promoter derivative, 4-O-methyl-phorbol- 12-13-didecanoate, did not signi- 

.ficantly alter [all] TdR uptake. Results suggest that the membrane changes reflected 
by the observed inhibition of [all] TdR uptake may be relevant to tumor promotion. 

I N T R O D U C T I O N  

THE INITIATING and promoting stages of carci- 
nogenesis classically defined in studies on 
mouse skin [1-4], have recently been shown 
to occur in cell cultures. The promoting ac- 
tivity of TPA was effective in chemically [5, 
6], as well as in physically [7, 8] transformed 
cells. Previous studies had already shown that 
TPA enhanced the phenotypic expression of 
transformation in a mixed cell culture system 
[9]. Recently the effect of TPA on the ex- 
pression of transformation-associated proper- 
ties of virally-transformed cells was confirmed 
[10]. The mechanisms by which TPA acts are 
still unknown. Extensive biochemical studies 
have found that most TPA effects relate to the 
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cell membrane. The membrane-mediated ef- 
fects include an increase in Mg 2 +, Ca 2 +, and 
Na+, K + -ATPase activities [11, 12], phos- 
pholipid synthesis [13, 14], as well as changes 
in glucose uptake [15] and surface protein 
composition [16]. The biological activity of 
TPA is generally associated with a mito- 
genic effect [17-20]. However, several authors 
[18, 20] have claimed that hyperplasia and 
tumor promotion are independent pheno- 
mena, suggesting that events related to cell 
proliferation should be distinguished from the 
bulk of TPA-induced alterations in order to 
detect those which may be relevant to tumor 
promotion. 

The present communication reports ex- 
periments which were undertaken in order to 
study further the early effects of TPA. For a 
comparison purpose, those alterations accom- 
panying the cell entrance into the mitotic cycle 
in response to the addition of serum, a mitogenic 
treatment which does not lead to tumor pro- 
motion, were investigated in parallel studies. 

The experiments were conducted on secon- 
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dary cultures of rat embryo cells in which the 
tumor-promoting activity of TPA has been 
demonstrated after initiation by polycyclic hy- 
drocarbons [5]. The reported results provide 
evidence that the tumor promoter induces an 
inhibition of [3H] T d R  uptake unrelated to 
the initiation of cell proliferation whereas the 
stimulation of phosphate uptake and meta- 
bolism as well as d T T P  synthesis and the 
induction of O D C  appear to be events as- 
sociated with the proliferative effect. 

MATERIALS AND M E T H O D S  

Chemicals 

TPA and MePDD, kindly donated by 
Professor E. Hecker of the Deutsches Krebs- 
forschungszentrum (Heidelberg, Germany), 
were used as solutions in acetone. 6-[3H] 
Thymidine (spec. act. 1 Ci/mmole) and 
[32p] phosphoric acid without carrier 
(spec. act. 10 mCi/ml) were obtained from 
the Commissariat /~ l'Energie Atomique, 
Saclay, France; DL-[ 14C] ornithine monohydro- 
chloride (spec. act. 50 mCi/mmole) and the 
scintillation mixture used for the radioactivity 
countings (Scintix) were purchased from the 
Radiochemical Centre, Amersham, Bucks, 
U.K. 

Secondary culture and treatment of rat embryo cells 

Seventeen-day-old rat embryos were used tot 
establishing the primary cultures according to 
a previously described technique [10]. On the 
sixth day of cultures, the cells were trypsinized 
and seeded at a density of 2 x l0 s cells per ml 
in 60 mm plastic Petri plates containing 5 ml 
of Dulbecco's modified Eagle medium 
(Catalog No. H 16 from Gibco, Paisley, 
Scotland) supplemented with 10°:~ calf serum 
and incubated at 37°C in a humidified atmos- 
phere containing 10°/o CO 2. 

Five days after plating, the cells had be- 
come confluent (3.5-4 x 106 cells and 1.5 2 mg 
of protein per dish). On day 6 the cells were 
treated with phorbol esters (TPA or MePDD)  
either by direct addition of the compound to 
the dishes without a medium change or by 
replacement of the used medium with 10~{~ 
serum-supplemented fresh medium containing 
freshly-dissolved phorbol esters. The final con- 
centration of phorbol ester was 0.1 #g/ml. 
Controls were either untreated or under- 
went a medium change at the time of the 
addition of phorbol esters. The final con- 

centration of the solvent in the culture me- 
dium was 0.1°'o, a concentration which did 
not affect cell growth. 

Actively multiplying cultures were obtained 
by seeding the cells at a density of 1 x 105 
cells per ml in 5 ml of Dulbecco's growth 
medium containing 10(){~ fetal calf serum. 
Sixty hours after plating, the log-phase cells 
(0.8 1 x 106 cells and 0.3~0.4 mg of protein per 
dish) were treated similarly to confluent cells. 

3H TdR uptake and incorporation into DNA 

At appropriate intervals after treatment, the 
rate of [3H] T d R  incorporation into DNA 
was determined by adding 10 /~(~i of [3H] 
T d R  to the culture medium and incuhating 
for a further 30 rain incubation (unless 
otherwise indicated) at 37°C. Then, the 
radioactive medium was aspirated, the culture 
rinsed thrice with 5 ml of pre-warmed PBS 
containing 1.6 /~M unlabeled T dR  and finally 
2 ml of ice-cold 10% trichloroacetic acid were 
added. The acid-precipitable fraction was al- 
lowed to precipitate for 15 min at 0°C. Then 
the acid-soluble fraction was collected, and 
the acid-precipitable material which coated 
the bottom of the Petri dish was washed thrice 
with ice-cold 10°/i, trichloroacetic acid and 
dissolved overnight in 0.6 N sodium hydroxide 
at 37°C. The precipitation-dissolutiou step 
was repeated once, and the final sodium- 
hydroxide solution analyzed for protein con- 
tent by the method of Lowry et al. [21]. The 
liquid scintillation mixture (Scintix) was ad- 
ded to aliquots of the acid-soluble and sodium- 
hydroxide fractions for radioactive counting in 
an Intertechnique scintillation counter. In or- 
der to measure the formed dTTP,  the in- 
cubation in the presence of I3HI TdR was 
stopped by adding ice-cold 5°.o perchloric 
acid. Then the acid-precipitable fraction was 
allowed to precipitate for 15 min at 0°C. The 
acid-soluble fraction was neutralized with ice- 
cold K O H  KHCO3,  lyophilized and taken up 
in 200 #1 of distilled water. 1)eoxythymidine 
triphosphate was separated from deoxythy- 
midine mono- and diphosphates by descending 
chromatography on 3 M M  Whatmann paper 
with a solvent mixturc composed of isobutyric 
acid, H 2 0  , concentrated N H 4 O H  and 0.1 M 
E1)TA, pH 4.5 (100: 49.8: 2.8: 1.6). The 
nucleotides spotswere  located with u.v. light, 
cut out and counted in the presence of 
Scintix. The rates of [3H] f d R  uptake, [3HI 
dTTP  synthesis and [3H] T d R  incorporation 
into DNA were expressed as dpm/min/mg of 
protein. 
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Phosphate uptake studies 

At appropriate intervals after treatment, 
a2po 4 at 5 #Ci/ml of culture medium was 
added to duplicate cultures which were then 
incubated for 30 min at 37°C. The cells were 
washed twice and the acid-soluble fraction 
extracted as previously described for [3H] 
TdR uptake. Then, inorganic phosphate was 
rapidly separated from phosphorylated mo- 
lecules of the acid-soluble fraction, according 
to the technique described by Marsh [22]. 
Radioactivities of aliquots of organic and in- 
organic phosphate were counted in an 
Intertechnique scintillation counter. 
Phosphate uptake was expressed as ng P 
present into the acid-soluble fraction per min 
and per mg of protein. Phosphate metabolism 
was expressed as ng P incorporated into acid- 
soluble molecules per min and per mg of 
protein. 

activity was expressed as nmole of X4CO 2 
released per mg of soluble protein per hr. The 
storage of the washed cells at - 7 0 ° C  before 
scraping from the dish did not affect the 
ornithine decarboxylase activity. 

RESULTS 
Growth curves 

Secondary cultures of rat embryo cells pla- 
ted at 0.5 or l x 1 0 6  cells per dish (5 ml of 
growth medium per dish) exhibited since day 
1 a log-phase growth for 2-3 days followed by 
a stationary phase. (Fig. 1). During the log- 
phase the cell number increased with a popu- 
lation doubling time of 18__+ 1 hr, until a cell 
density of 3 .4-4x 106 cells per dish was re- 
ached at which point cell division ceased and 
the cultures became confluent. Cells reached 
the stationary phase at day 5 when plated at 
1 x 106 cells per dish. 

Ornithine decarboxylase assay 

The assay involved measuring the release of 
14CO 2 from DL-[1-14C] ornithine as described 
by Russel and Snyder [23], including 
minor modifications. The growth medium 
was aspirated from the Petri dishes and the 
cells were washed twice with ice-cold PBS 
before being scraped from the dishes with a 
rubber policeman and collected in 1.5 ml of a 
mixture containing 10mM KHzPO 4 at pH 
7.2, 0.75M sucrose, 5raM dithiothreitol, 
0.1 ml EDTA and 0 .2mM pyridoxal phos- 
phate. The cells were lysed by the freezing- 
thawing procedure and the supernatant, col- 
lected after a 10 min centrifugation at 4500 0, 
was used as enzyme preparation. The reaction 
was carried out in plastic liquid scintillation 
vials sealed with a plastic cap which was 
equipped with a pin holding a 5 N potassium 
hydroxide-soaked disc of filter paper. The 
reaction which was initiated by adding [1- 
14C] ornithine (spec. act. 0.2 mCi/mmole) was 
conducted in a 2 ml volume consisting of the 
above described incubation mixture and dif- 
ferent dilutions of the enzyme preparation. 
The mixture was incubated at 37°C in a 
shaking water bath for 60min, and the re- 
action was stopped by injecting 1 ml of 2 M 
citric acid through the plastic cap in order to 
release carbon dioxide. Shaking was continued 
for an additional 30 min to complete the CO 2 
adsorption by the filter paper disc. Then the 
disc was removed, immediately immersed in a 
liquid scintillation mixture (Scintix) and 
counted for radioactivity in an Intertechnique 
scintillation counter. Ornithine decarboxylase 
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Fig. l. Growth curves qf secondary cultures (7/" rat embryo cells 
seeded at 0.5x106 (--C) )and106 ( • -) ce/ls per dish 

in 5 ml qf growth medium. 

Figure 2 illustrates the effects of TPA at the 
concentratiou of 0.1 #g/ml on cell growth. 
When added to confluent cultures, simul- 
taneously with a 10% calf serum- 
supplemented medium change, TPA released 
about 40°i~ of cells from density-dependent 
inhibition (Fig. 2a). Furthermore, when TPA 
was added directly to the cultures without 
medium renewal, TPA was also able to trig- 
ger cell division, and the cell population 
reached a higher level of saturation. TPA, by 
itself, released cells from density-dependent 
inhibition at the same extent that did a 
medium change, that is about 15r~/o of the cell 
population. Confluent cells are predominantly 
in G 1 [24] or blocked at one particular point 
in G l, G O [25]. For the purpose of investigat- 
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b'z?,,. 2. Growth curves o f  rat embryo cells grown in the absence 
( O ) and pre.~ence ( A - - )  o/  T P A  (0.1 #g/ml) or 
~e/i'd with either control ( • ) or TPA-containing ( - - •  ) 
medinm. (a) 106 cells were plated per dish and treated 6 
da,.s /a/er. (b) 0.5 x 106 cells were plated per dish and treated 

al lime 60 hr. Arrows" indicate the time q f  /reahnent. 

ing whether TPA displayed a cell cycle-speci- 
fic action, similar experiments were carried 
out on growing cells which mostly traverse the 
cell cycle randomly although some may be 
reversibly blocked in a particular cell cycle 
phase. 

TPA was shown to be also effective in 
stimulating the growth rate of growing cells 
(60-hr-old cultures) whatever the mode of 
TPA addition: alone or associated with a 
medium change (Fig. 2b). The number of 
TPA-rcsponsive cells was lower than 20'Ii, 
without medium change and was significantly 
higher in combined treatment (Fig. 2b). 

[3H] TdR Incorporation into D?(A 

The effects of TPA on cell proliferation 
have been further studied by measurements of 
[3H] TdR incorporation into DNA during the 
first mitotic cycle that the tumor promoter 
induced. 

It has been observed that TPA stimulated 
TdR incorporation into confluent cells when 

added alonc o r  associated with a medium 
change. As shown in Fig. 3 the change of 10°~, 
calf serum-supplemented medium caused a 4- 
fold stimulation of  [3H] TdR incorporation 
into the acid-precipitable material of con- 
fluent cells about 15 hr later. When TPA was 
included in the fresh medium an early 50~'.~) 
depression of [3H] TdR incorporation was 
observed through the first 6 hr, which was 
tbllowed by a 2-fold stimulation over the 
medium change controls by 15 hr. In ad- 
dition, when TPA was added directly to 
confluent cultures an approximately 2-fold 
stimulation was observed subsequently to an 
earlier inhibition (Fig. 3b). The treatment 
with acetone (phorbol ester solvent) at the 
same volume than that used in phorbol ester 
treated cultures did not alter the rate of [3H] 
TdR incorporation. 

Treatment of 60-hr-old cultures with TPA- 
containing fresh medium also increased [3H] 
TdR incorporation into acid-precipitable ma- 
terial but with a quite different pattern. As 
shown in Fig. 4, two waves of  [3H] TdR 
incorporation occurred successively. The first 
one which appears rapidly and represents a 5- 
fold increase in the rate of [3H] T d R  in- 
corporation was observed during the first 3 hr. 
The second, which appears 15 18 hr later, 

x 
.C 

0 . 7  
o 
Q. 

.c: 
0 5  

4-- 0 3  E o 

n"- 
~_ Q I  

i-1 
-r- 
i_J 

(a) 

/ "  . . . ~ \ \  
t ." ' .  "~ 

S';: ;}l 

I I I 
5 I0 15 

(b) 

L L I 
5 I0 15 

h r  a f ? e r  ? r e a t m e n ?  

Fi,t~. 3. EJfect o f  phorbol esters (0.1 #g/ml) on [3H] TdR 
incorporation into the TPA-precipitable material o f  cor~fluent rat 
embryo cells. Six-day-old cultures seeded at 106 cells" per dish 
were treated at O-time and cells were pulse-labeled with 1.6 #M 
~/" [3H] TdR jbr  30 min at the indicated times beJore being 
processed as described in Materials- and Method~. (a) Cells were 
treated with either TPA  ( • ) or M e P D D  ( ~ ) 
without medium change; control ( (2) - ). (b) Cells were re/bd 
with control ( © ) acetone-containing ( - - • ) ,  M e P D D -  
containing ( - - - A  ) or TPA-containing ( ~ - - •  ) medium. 
Each value represents the mean ±S.E. qJ" duplicate de- 

terminations on 4 , 5  separate dishes (2 experiments). 
*P < 0.001 compared with the appropriate controls as determined 

by Student's t-test. 
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F@ 4. Effect of phorbol esters (0.1 /~g/ml) o n  [3H] TdR 
incorporation into TCA-precipitable material of growing rat 
embryo cells. Cells plated at 0.5 x 106 per dish were treated 60 
hr later and labeled with [3H] TdR as described under Fig. 3. 
Cells were refed with control ( - - 0 - - ) ,  acetone-containing 
( • ), ~l/IePDD-containing ( - - /~  ), TPA-containing me- 
dium ( - - A  ); TPA-treated cells without medium change 
( - - m  ) and untreated cells ( - -~]- - ) .  Each value represents 
the mean-t-S.E, of duplicate determinations on 4 6 separate 
dishe.~ (2 experiments). *P<0.01 compared with the 

appropriate control.~ as de/ermined br .q'taden/'.~ t-lest. 

was a broader wave with a smaller magni- 
tude. A similar pattern of variations was 
observed when cells underwent a medium 
change without being treated with TPA. Cells 
which received TPA without being refed with 
control medium did not display the early 
wave in [3H] TdR incorporation as compared 
with the appropriate controls unless the differ- 
ence in [3H] TdR uptake, as shown later, 
was to be taken into account. 

The phorbol diester, MePDD, which lacks 
tumor-promoting activity, did not affect [3HI 
T d R  incorporation in either confluent or 
growing cells, regardless of the renewal of 
growth medium (Figs. 3 and 4). 

Uptake studies 

A medium change caused a rapid stimu- 
lation of [3H] TdR uptake in cultures of rat 
embryo fibroblasts. Results obtained at con- 
fluency are depicted in Fig. 5. The effect 
peaked 6 hr later and continued through the 
duration of the experiment (18 hr). By con- 
trast, in TPA-treated confluent cells where the 
medium was not changed, a rapid and mar- 
ked inhibition of [3H] TdR uptake occurred 
up to 6 hr, which returned to the basal levels 
by 10 hr at the onset of the DNA synthesis. 
The inhibitory effect of TPA on the rate of 
thymidine uptake has been observed inde- 
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Fig. 5. EJJect of phorbo/ esters (O.l #g/ml), fresh medium 
and J?esh medium containing phorbol ester.+ on [3H] TdR 
uptake into rat embryo cells at conJTuency. Cells were treated and 
labeled as described under Fig. 3. Radioactivity of the acid- 
soluble fraction was determined as detailed in Material+ and 
Methods and referred as [3H] TdR uptake. Cells were 
untreated ( • - - )  or treated with TPA ( m- - ) ,  MePDD 
(--[ i l - -) ,  fresh medium ( - - 0 - - ) ,  fresh medium+acetone 
~ • - - ) ,  fresh medium + TPA ( F A - - )  or fresh 
medium+ MePDD ( - - A - - ) .  Each point is the mean activity 
_+ S.E. of duplicate determinations on 4 dishes (2 experiments). 
* P < O.O01, compared with the appropriate controls, as 

determined by Student's t-test. 

pendently of the incubation time, as shown in 
Fig. 6. In order to examine whether TPA 
affected the thymidine transport and/or sub- 
sequent metabolism, the level of [3H] thymi- 
dine triphosphate has been studied in relation 
to time. The results presented in Table 1 
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Fig. 6. Rate of [3H] TdR uptake into confluent cultures of 
rat embryo cells treated 1 hr before the addition of labeled pre- 
cursor with 0.1 /tg/ml of TPA ( - - m  ) and acetone controls 
( . . . .  [] . . . .  ). [3H] TdR uptake was measured as described 

unde~ Fig. 5. Results are the average of 4 determinations. 
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show that the level of radioactivity incorpo- 
rated into d T T P  was lower in TPA-treated 
cells for the first 7 hr, likely reflecting the 
decreased [3H] TdR  uptake into the cells. 
Then TPA elicited an increased d T T P  syn- 
thesis which accompanied the increased DNA 
synthesis suggesting that TPA inhibits the 

resting or growing cells whether it was com- 
bined or not with a medium change (Figs. 5 
and 7). 

The efl'e, ct of TPA OIl phosphate uptake in 
confluent rat embryo cells proliferatively acti- 
vated by refeeding with control medium has 
been examined. The increase of phosphale 

Table 1. EfJ~ct 0/ TPA on the incorporation o]'[ 3HI TdR 
into[Sill  d T T P  

Time after 
t reatment  

(hr) 
[ 3H] d T T P  (dpm/min /mg protein) 

(iontrols TPA °i, of Controls 

0.5 81 __--t-2 6 8 + 4  84 
1 116--+11 100-+8 86 
2 93 -+ 5 56 ± 3 60 
7 117--+12 65-+5 56 
9 127-+5 224-+9 176 

10 253-+7 483-+13 191 
11 167-+16 367-+17 220 
16 116-+8 241-+17 208 

Six-day-old cultures of rat embryo cells were treated with 
acetone or phorbol esters. At specitied times after t reatment ,  
the cells were incubated tbr 30min  in the presence of [3H] 
T dR  and separated from other 13H] mctabolites as indicated 
in Materials and Methods. Results are mean values-+S.E, of 4 
determinations.  

thymidine transport rather than subsequent 
metabolism. 

Opposite TPA- and medium-change- 
mediated effects on thymidine uptake were 
additive in cells undergoing the combined 
treatment and resulted in minor alterations of 
the [3H] T d R  uptake during the first hours. 
These results which suggest that the transient 
inhibition of [3H] T d R  uptake may account 
for the early depression of [3H] Td R  in- 
corporation into DNA observed in TPA- 
treated cells (Figs. 3a and b), will be dis- 
cussed later on. 

The inhibitory effect of TPA on [3H] T d R  
uptake was also observed in growing cells. 
Results, as depicted in Fig. 7, have shown 
that during the first hours following its ad- 
dition, TPA prevented the increased [3H] 
T d R  uptake resulting from refeeding with 
fresh medium. However, it should be noted 
that the compound did not significantly affect 
the small increase in precursor uptake at the 
onset of the second wave of DNA synthesis. 
Similarly to effects seen at confluency, TPA 
added without renewing the medium, also 
caused a marked depression of [3H] T d R  
uptake. The inactive derivative MePDD had 
no effect on [3H] T d R  uptake in either 

uptake is considered as one of the earliest 
events leading to the cell proliferation [2411. 
Results given in Table 2 indeed show" that 
TPA-containing medium caused the stinm- 
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Table 2. 

TPA Inhibition of Thymidine Uptake 

Effects of TPA on phosphate uptake and incorporation 
into acid-soluble molecules 

Treatment 
Phosphate uptake Phosphate metabolism 

(ng P min/mg protein) 

None 81.7 + 2.5 56.3 ± 2.3 
Fresh medium 144.1_+7 110 +7.1 
Fresh medium 
+acetone 146 -+6.3 112.8-+ 3.1 
+TPA 210.5 -+ 7.4* 150.6 -+ 5.0* 
+ MePDD 155.9_+6.1 108.1 +6.1 

The existing medium of six-day-old cultures of rat embryo cells was 
replaced by serum-supplemented fresh medium with or without 0.1 
#g/ml of phorbol ester or acetone. The amount of phosphate 
incorporated into the acid-soluble fraction was measured 6 hr later as 
described in Materials and Methods. All values are the mean_+ S.E. of 
duplicate determinations on four separate dishes (2 experiments). 
*P<0.01 compared with the appropriate acetone controls, as de- 

termined b \  Stttdent's /-test. 
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l a t i o n  o f  b o t h  p h o s p h a t e  u p t a k e  a n d  i n c o r p o -  
r a t i o n  in to  the  s m a l l  o r g a n i c  mo lecu l e s .  T h e  
effect o c c u r r e d  v e r y  r a p i d l y  a n d  r e a c h e d  a 
p e a k  o f  a 3-fold  s t i m u l a t i o n  6 h r  l a t e r  w h i c h  
was  m a r k e d l y  g r e a t e r  t h a n  those  r e s u l t i n g  
f rom r e f e e d i n g  w i t h  a c e t o n e  or  M e P D D -  
c o n t a i n i n g  fresh m e d i u m .  

Ornithine decarboxylase activity 

T h e  c o m b i n e d  t r e a t m e n t  o f  e i t h e r  c o n f l u e n t  
o r  g r o w i n g  cells w i t h  T P A  a n d  m e d i u m  c h a -  
nge ,  r e su l t e  d in a r a p i d  r ise in  O D C  a c t i v i t y  
w h i c h  was  a t  the  p e a k  va lue s  a p p r o x i m a t e l y  

12 t imes  g r e a t e r  t h a n  t h a t  o f  the  con t ro l s  
( T a b l e  3). W h e n  a p p l i e d  s e p a r a t e l y  b o t h  m i -  
t oge n i c  t r e a t m e n t s  also s t i m u l a t e d  O D C  ac-  
t i v i ty  a n d  the  b u l k  o f  the  i n d u c e d  ac t iv i t i e s  
was  a d d i t i v e  in cells u n d e r g o i n g  the  c o m b i n e d  
t r e a t m e n t .  H o w e v e r ,  i t  shou ld  be  m e n t i o n e d  
t ha t  the  effect o f  T P A  was  g r e a t e r  t h a n  t h a t  
i n d u c e d  b y  r e f e e d i n g  w i t h  c o n t r o l  m e d i u m .  
T h e  g r e a t e s t  effect o f  T P A  on O D C  i n d u c t i o n  
in r a t  e m b r y o  cells m a y  be  s o m e w h a t  r e l a t e d  
to resul ts  o b t a i n e d  in p r e v i o u s  s tud ies  on  
m o u s e  skin  [26] a n d  c u l t u r e d  cells [19, 27] 
w h i c h  s h o w e d  a l a r g e  a n d  specif ic  effect of  
T P A  on O D C  a c t i v i t y  sugges t i ng  the  poss ib le  

Table 3. TPA-induced ornithine decarboxylase activity 

Treatment 

()rnithine decarboxylase activity 
(nmole CO2/min/mg protein) 

(:unfluent cells Growing cells 

None 0.32 _+0.09 0+68 +0.03 
Acetone 0.34 + 0.02 0.55 ± 0.03 
TPA 2.56 _+ 0.29* 2.93 _+ 0.15* 
MePDD 0.33 -+0.18 0.52 _+0.03 
Fresh Medium 1.72 +0.28 1.76 +0.32 
Fresh Medium 
+ acetone 1.75 _+ 0.12 1.85 _+ 0.16 
+ T P A  3.93 +0.38* 3.97 +_0.40* 
+ MePDD t .94 +_0.35 1.71 _+0.09 

Sixty-hour or six-day-old cultures of rat embryo cells were treated 
with acetone, with TPA or MePDD (both at a final concentration of 
0.1 ~g/ml) or underwent a medium renewal either separately or 
concomitantly. One hour later, the cells were harvested for ODC 
determinations. Each value is the mean ±S.E. of" duplicate de- 
terminations on 3 dishes. 
*P<0.001 compared with the appropriate acetone cnntrols as de- 

termined by Student's t-test. 
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relevance of this enzyme induction to tumor 
promotion. At the same level of the con- 
centration, MePDD did not induce ODC 
activity in either resting or growing cells and 
did not affect the rise in activity following a 
medium change. 

DISCUSSION 

The experiments reported here show that 
TPA induced the stimulation of DNA syn- 
thesis and increased the number of proliferat- 
ing cells in rat embryo fibroblasts, possibly by 
increasing the probability of transition from a 
resting to a cycling state. TPA was also 
co-mitogenic for cells stimulated to proliferate 
by a medium change, regardless of the growth 
state of the culture. TPA did not shift the 
point at which the cells began to incorporate 
[3H] TdR and both mitogenic treatments 
induced one burst of DNA synthesis in con- 
fluent cells whilst an early wave followed by a 
late wave of DNA synthesis occurred in the 
growing cells. It is suggested that the early 
peak of DNA synthesis observed in the latter 
cells may infer the presence of a population 
committed to DNA synthesis at the G1-S 
boundary. 

The TPA-mediated proliferative response 
has been reported in a number of studies on 
mouse skin as well as on cell cultures although 
the effects were somewhat different in respect 
of the examined cell type. A transient in- 
hibition of ceil proliferation measured by the 
overall [3H] TdR incorporation and/or the 
number of DNA synthesizing cells has been 
reported to occur betbre the burst of DNA 
synthesis in mouse skin [14, 20, 28], epidermal 
cells [27, 29], fibroblasts [30], erythroleukemic 
cells [31] and lymphoblastic cells [32]. The 
extent of the growth inhibitory effect varied 
greatly in regard of the cell type and its 
occurrence seems to depend on the actual 
growth rate in malignant epidermal cells [29]. 
The present experiments have only shown an 
early drop of the overall [3HI TdR incorpo- 

ration in resting cells. Simultaneously the de- 
creased [3H] TdR incorporation was as- 
sociated with a decreased [3H] TdR uptake 
and a subsequent decrease of labeled dTTP, 
suggesting that decreased [3H] TdR incorpo- 
ration into DNA may result of the inhibition 
of [3HI TdR uptake rather than reflect a 
reduced DNA synthetic rate. A similar artifac- 
tual inhibition was reported by Balmain and 
Hecker who observed that the initial depre- 
ssion of the incorporation of [3HI thynfidine 
into 1)NA was not associated with a decrease 
in DNA synthesis since the amount of DNA, as 
directly measured, increased at the same time 
[14]. 

TPA-induced stimulation of phosphate up- 
take and induction of ODC activity which 
have been presently reported confirmed pre- 
vious studies [19, 23, 26, 27, 33]. However, it 
should be noted that in serum and TPA- 
stimulated cells, phosphate uptake and meta- 
bolism as well as ODC activity, increased in a 
similar fashion. There was a rather good 
correlation between the increase of these para- 
meters and the magnitude of the proliferative 
response, even though the TPA-mediated 
sthnulation of ODC activity was slightly 
higher than that resulting from a medium 
change. 

In contrast, TPA and serum had opposite 
early effect on [3H] TdR uptake suggesting 
that an early increased TdR uptake was not a 
necessary link in the sequence of events lead- 
ing up to DNA synthesis. The early inhibition 
of [3H] TdR uptake following TPA treatment 
seems unrelated to the dTTP synthesis as well 
as to the subsequent burst of DNA synthesis. 
The TPA-mediated inhibition of thymidine 
uptake, which was not observed with a non- 
promoter TPA derivative, reflects some alte- 
rations at the membrane level probably unre- 
lated to the growth control mechanisms. 
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