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Abstract—The effects of the

tumor-promoting  phorbol

diester  12-O-tetra-

decanoyl-phorbol-13-acetate (TPA) on [*H] 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 [*H]| 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 first
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-meihyl-phorbol-12-13-didecanoate, did not signi-
ficantly alter [PH] TdR uptake. Results suggest that the membrane changes reflected

by the observed inhibition of [*H] TdR uptake may be relevant to tumor promotion.

INTRODUCTION

THE NITIATING 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 [3,
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?*, Ca?*, 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 [*H] TdR uptake unrelated to
the initiation of cell proliferation whereas the
stimulation of phosphate uptake and meta-
bolism as well as dTTP synthesis and the
induction of ODC appear to be events as-
sociated with the proliferative effect.

MATERIALS AND METHODS

Chemicals

TPA and MePDD, kindly donated by
Professor E. Hecker of the Deutsches Krebs-
forschungszentrum (Heidelberg, Germany),
were used as solutions in acetone. 6-[*H]
Thymidine (spec. act. 1 Ci/mmole) and
[*?P] phosphoric acid without carrier
(spec. act. 10 mCi/ml) were obtained from
the Commissariat a [I’Energie Atomique,
Saclay, France; pr-[!*C] 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 for
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 10° 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 109, calf serum
and incubated at 37°C in a humidified atmos-
phere containing 10%, CO,.

Five days after plating, the cells had be-
come confluent (3.5-4 x 10 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 109,
serum-supplemented fresh medium containing
freshly-dissolved phorbol esters. The final con-
centration of phorbol ester was 0.1 pg/ml.
Controls werc 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 0.19, a concentration which did
not affect cell growth.

Actively multiplying cultures were obtained
by seeding the cells at a density of 1x10°
cells per ml in 5 ml of Dulbecco’s growth
medium containing 109, fetal calf serum.
Sixty hours after plating, the log-phase cells
(0.8-1 x 10° cells and 0.3-0.4 mg of protein per
dish) were trcated similarly to confluent cells.

*HTdR uptake and incorporation into DNA

At appropriate intervals after treatment, the
rate of [*H] TdR incorporation into DNA
was determined by adding 10 uCi of |*H]
TdR to the culture medium and incubating
for a further 30 min 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 uM unlabeled TdR and finally
2 ml of ice-cold 109 trichloroacetic acid were
added. The acid-precipitable fraction was al-
lowed to precipitate for 15 min at 0°Ci. Then
the acid-soluble fraction was collected, and
the acid-precipitable material which coated
the bottom of the Petri dish was washed thrice
with 1ce-cold 109/ trichloroacetic acid and
dissolved overnight in 0.6 N sodium hydroxide
at 37°C. The precipitation-dissolution 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 [?H] TdR was
stopped by adding ice-cold 59, 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 KOH-KHCOj, lyophilized and taken up
in 200 pl of distilled water. Deoxythymidine
triphosphate was separated from deoxythy-
midine mono- and diphosphates by descending
chromatography on 3 MM Whatmann paper
with a solvent mixture composed of isobutyric
acid, H,O, concentrated NH,OH and 0.1 M
EDTA, pH 4.5 (100: 49.8: 2.8: 1.6). The
nucleotides spots”were located with u.v. light,
cut out and counted in the presence of
Scintix. The rates of [*H] TdR uptake, [*H]
dTTP synthesis and [*H] TdR incorporation
into DNA were expressed as dpm/min/mg of
protein.
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Phosphate uptake studies

At appropriate intervals after treatment,
32PO, at 5 uCi/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 [*H]
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.

Ormuthine decarboxylase assay

The assay involved measuring the release of
1*CO, from pL-[1-1*C] 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 1.5ml of a
mixture containing 10mM KH,PO, at pH
7.2, 0.75M sucrose, 5mM dithiothreitol,
0.1ml 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 g,
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 5N potassium
hydroxide-soaked disc of filter paper. The
reaction which was initiated by adding [1-
'*QC] ornithine (spec. act. 0.2 mCi/mmole) was
conducted in a 2ml 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 1ml of 2M
citric acid through the plastic cap in order to
release carbon dioxide. Shaking was continued
for an additional 30 min to complete the CO,
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

activity was expressed as nmole of '*CO,
released per mg of soluble protein per hr. The
storage of the washed cells at —70°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 1x10° 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—4 x10° 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 10° cells per dish.

Cells per dish (108)

©
&)

| ]
o] 5 10
Days after plating

Fig. 1. Growth curves of secondary cultures of rat embryo cells
seeded at 0.5 x 10° (—O—) and 10° (—@ -) celis per dish
in 5 ml of growth medium.

Figure 2 illustrates the effects of TPA at the
concentration of 0.1 ug/ml on cell growth.
When added to confluent cultures, simul-
taneously with a 109, calf serum-
supplemented medium change, TPA released
about 409 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 159 of the cell
population. Confluent cells are predominantly
in GG; |24] or blocked at one particular point
in Gy, Gq [25]. For the purpose of investigat-
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(b)

Cells per dish (108)

Days after plating

Fig. 2. Growth curves of ral embryo cells grown in the absence

( O ) and presence (—A—) of TPA (0.1 pg/ml) or

iefed with either control (—@—) or TPA-containing (— &—)

medinin. {a) 10® cells were plated per dish and treated 6

davs later. (b) 0.5 x 108 cells were plated per dish and ireated
al time 60 hr. Arrows indicate the time of treatment.

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-responsive cells was lower than 20°,
without medium change and was significantly
higher in combined treatment (Fig. 2b).

[*H] TdR Incorporation into DNA

The effects of TPA on cell proliferation
have been further studied by measurements of
[?H] 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 or associated with a medium
change. As shown in Fig. 3 the change of 109
calf serum-supplemented medium caused a 4-
fold stimulation of [*H] 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 509,
depression of [*H] TdR incorporation was
observed through the first 6 hr, which was
followed 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
carlicr inhibition (Fig. 3b). The treatment
with acctone (phorbol ester solvent) at the
same volume than that used in phorbol ester
treated cultures did not alter the rate of [*H]
TdR incorporation.

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

(a)

L*H3 TdR incorporation (dpm/min/mg protein x 1073)

o 5 10 15 o 5 10 15
hr ofter treatment

Fig. 3. Effect of phorbol esters (0.1 pg/ml) on [*H] TdR
incorporation into the TPA-precipitable material of confluent rat
embryo cells. Six-day-old cultures seeded at 10° cells per dish
were treated at O-time and cells were pulse-labeled with 1.6 pM
of |PH] TdR for 30 min at the indicated times before being
processed as described in Malerials and Methods. (a) Cells were
treated with either TPA (—M&—) or MePDD (—A—)
without medium change; conirol (—Q --). (b) Cells were refed
with control (—QO—) acetone-containing (-——@——), MePDD-
containing (—A—) or TPA-containing (— MA—) medium.
FEach value represents the mean =+S.E. of duplicate de-
terminations on 4—6 separaie dishes (2 experiments).
*P < 0.001 compared with the appropriate controls as determined
by Student’s t-test.
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C3H1 TdR incorporation {dpm /min/mg protein x 107)

hr after treatment

Fig. 4. Effect of phorbol esters (0.1 ug/ml) on [*H] TdR
incorporation into TCA-precipitable material of growing rat
embryo cells. Cells plated at 0.5 x 10° per dish were treated 60
hr later and labeled with [PH] TdR as described under Fig. 3.
Cells were refed with control (—QO—), acetone-containing
(—@—), MePDD-containing (— N\—), TPA-containing me-
dium (—A—); TPA-treated cells without medium change
(—W—) and unireated cells (—[1—). Each value represents
the mean+S.E. of duplicate determinations on 46 separate
dishes (2 experiments). *P<0.01  compaved with the
appropriate controls as determined by Student’s t-test.

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 [*H] TdR incorporation as compared
with the appropriate controls unless the differ-
ence in [*H] TdR uptake, as shown later,
was to be taken into account.

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

Ubptake studies

A medium change caused a rapid stimu-
lation of [*H] 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 [*H] 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 ohserved inde-

E/g/j;\

-

C3H2 TdR uptake {dpm/min/mg protein x 1073

} I | I
o} 5 10 i5 20
hr after freatment

Fig. 5. Effect of phorbol esters (0.1 pg/ml), fresh medium
and fresh medium containing phorbol esters on [*H] TdR
uptake into rat embryo cells at confluency. Cells were treated and
labeled as described under Fig. 3. Radioactivity of the acid-
soluble fraction was determined as detailed in Materials and
Methods and referred as [PH] TdR uptake. Cells were
untreated (—[1—) or treated with TPA (—W—), MePDD
(—d—), fresh medium (—QO—), fresh medium+ acetone
(—@—), fresh medium+TPA (—A&—) or fresh
medium+ MePDD (—/A\—). Each point is the mean activity
+8S.E. of duplicate determinations on 4 dishes (2 experiments).
*P<0.001, 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 [*H] thymi-
dine triphosphate has been studied in relation
to time. The results presented in Table 1
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Fig. 6. Rate of [*H] TdR uptake into confluent cultures of
rat embryo cells treated 1 hr before the addition of labeled pre-
cursor with 0.1 pg/ml of TPA (—M—) and acetone controls
(- - - -0- - - -).[PH] TdR uptake was measured as described
under Fig. 5. Results are the average of 4 determinations.
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show that the level of radioactivity incorpo-
rated into dTTP was lower in TPA-treated
cells for the first 7 hr, likely reflecting the
decreased [*H] TdR uptake into the cells.
Then TPA elicited an inecreased dTTP syn-
thesis which accompanied the increased DNA
synthesis suggesting that TPA inhibits the

Table 1.

C. Rochette-Egly, 1. Chouroulinkov and M. Castagna

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

The effect of TPA on phosphate uptake in
confluent rat embryo cells proliferatively acti-
vated by refeeding with control medium has
been cxamined. The increase of phosphate

Effect of TPA on the incorporation of [*H] TdR

into |*H] dTTP

Time after
treatment

[*H] dI'TP {dpm/min/mg protein)

(hr) Controls TPA v, of Controls
0.5 81+2 68+4 84
1 116411 100+8 86
2 9345 6+3 60
7 17412 63+5 56
9 127+5 224+9 176
10 253+7 483 +13 191
11 167416 367 +17 220
16 116 +8 241 +17 208

Six-day-old cultures of rat embryo cells were treated with
acetone or phorbol csters. At specified times after treatment,
the cells were incubated for 30min in the presence of [*H]
TdR and separated from other |*H| metabolites as indicated
in Materials and Mecthods. Results are mean values+S.E. of 4

determinations.

thymidine transport rather than subsequent
rctabolism.

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 [?*H] TdR uptake during the first hours.
These results which suggest that the transient
inhibition of [*H] TdR uptake may account
for the early depression of [?H] TdR 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 [*H| TdR
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 [*H]
TdR 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 [*H] TdR
uptake. The inactive derivative MePDD had
no effect on [?H] TdR uptake in ecither

uptake 1is considered as onc of the earliest
events leading to the cell proliferation [24].
Results given in Table 2 indeed show that
TPA-containing medium caused the stimu-

£*H] TdR uptake (dpm/min/mg protein x 1073}

hr after treatment

Fig. 7. Effect of phorbol esters (0.1 pg/ml), fresh medium
and fresh medium containing phorbol ester on [H) TdR uptake
into growing rat embryo cells. Cells are treated 60 hr after
seeding and labeled as described under Iig. 3 (see Fig. & for key
to symbols). kach point is the mean activity £S.E. of duplicate
determinations on 4 dishes (2 experiments) *P<0.01 compared
with the appropriate acetone controls, as determined by Student’s
t-test.
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Table 2. Effects of TPA on phosphate uptake and incorporation

into acid-soluble molecules

Phosphate uptake Phosphate metabolism
Treatment
(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
ug/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 +8.E. of
duplicate determinations on four separate dishes (2 experiments).

*P<0.01 compared with the appropriate acctone controls, as de-

termined by Students /-test.
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lation of both phosphate uptake and incorpo-
ration into the small organic molecules. The
effect occurred very rapidly and reached a
peak of a 3-fold stimulation 6 hr later which
was markedly greater than those resulting
from refeeding with acetone or MePDD-
containing fresh medium.

Ornithine decarboxylase activity

The combined treatment of either confluent
or growing cells with TPA and medium cha-
nge, resulted in a rapid rise in ODC activity
which was at the peak values approximately

12 umes greater than that of the controls
(Table 3). When applied separately both mi-
togenic treatments also stimulated ODC ac-
tivity and the bulk of the induced activities
was additive in cells undergoing the combined
treatment. However, it should be mentioned
that the effect of TPA was greater than that
induced by refeeding with control medium.
The greatest effect of TPA on ODC induction
in rat embryo cells may be somewhat related
to results obtained in previous studies on
mouse skin [26] and cultured cells [19, 27]
which showed a large and specific effect of
TPA on ODC activity suggesting the possible

Table 3. TPA-induced ornithine decarboxylase activity

Ornithine decarboxylase activity
(nmole CO,/min/mg protein)

Treatment Confluent cells Growing cells
None 0.32+0.09 0.68+0.03
Acctone 0.34 +0.02 0.554+0.03
TPA , 2.56 +0.29* 2.9340.15*
MePDD 0.33+0.18 0.52+0.03
Fresh Medium 1.724+0.28 1.76 +0.32
Fresh Medium
+acetone 1.7540.12 1.854+0.16
+TPA 3.9340.38* 3.9740.40%
+ MePDD 1.9440.35 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 pg/ml) or underwent a medium renewal cither separately or
concomitantly. One hour later, the cells were harvested for ODC
determinations. Fach value is the mean #S.E. of duplicate de-
terminations on 3 dishes.

*P<0.001 compared with the appropriate acetone controls as de-
termined by Student’s f-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
[H] 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 carly
peak of DNA synthesis observed in the latter
cells may infer the presence of a population
committed to DNA synthesis at the G,-S
boundary.

The TPA-mediated proliferative responsc
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 cell proliferation measured by the
overall [*H] TdR incorporation and/or the
number of DNA synthesizing cells has been
reported to occur before 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 [*H] TdR incorpo-

ration in resting cells. Simultaneously the de-
creased [*H] TdR incorporation was as-
sociated with a decreased [*H] TdR uptake
and a subsequent decrease of labeled dTTP,
suggesting that decreased [*H] TdR incorpo-
ration into DNA may result of the inhibition
of [*H] 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 [*H] thymidine
into DNA 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
sumulation of ODC activity was slightly
higher than that resulting from a medium
change.

In contrast, TPA and serum had opposite
carly effect on [*H] 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 carly inhibition
of [?’H] 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 membranc level probably unre-
lated to the growth control mechanisms.

Acknowledgements—We are indebted to Dr. P. L.
Grover (Chester Beatty Research Institute, London) for
reviewing the manuscript.

REFERENCES

1. 1. BerexBrLUM, A speculative review: the probable nature of promoting action
and its significance in the understanding of the mechanism of carcinogenesis.

Cancer Res. 14, 471 (1954).

2. 1. BerensLum, Contemporary studies of carcinogenesis (biological aspects). In
Carcinogenesis as a Biological Problem. Fronticrs of Biology, Vol. 34, p. 67,

North-Holland, Amsterdam (1974).

3. R. K. BoutweLr, Some biological aspects of skin carcinogencsis. Prog. exp.

Tumor Res. 4, 207 (1964).

4. B. L. Vax Duuren, Tumor promoting agents in two stage carcinogenesis,

Progr. exp. Tumor Res. 11, 31 (1969).



11.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

26.

TPA Inhibition of Thymidine Uptake

C. Lasne, A. GentiL and 1. CHourouLiNnkov, Two stage malignant transfor-
mation of rat fibroblasts in tissue culture. Nature (Lond.) 247, 490 (1974).

S. Mownpar, D. W. Brankow and C. HEIDELBERGER, Two stage chemical
oncogenesis in cultures of C3H/10T% cells. Cancer Res. 36, 2254 (1976).

S. MonpaL and C. HEIDELBERGER, Transformation of C3H/10T C18 mouse
embryo fibroblasts by u.v. irradiation and a phorbol ester. Nature (Lond.) 260,
710 (1976).

A. R. KExNEDY, S. MonpaL, C. HEIDELBERGER and J. B. LitTLE, Enhancement
of X-ray transformation by 12-O-tetradecanoyl-phorbol-13-acetate in a clone
line of C3H mouse embryo cells. Cancer Res. 38, 439 (1978).

A. Svak and B. L. Van Duuren, Phenotypic expression of transformation:
induction in cell culture by a phorbol ester. Science 157, 1443 (1967).

P. B. FisuEr, B. I. WemnstEIN, D. EsenBerc and H. S. GinsBeRrG, Interactions
between adenovirus, a tumor promoter, and chemical carcinogens in transfor-
mation of rat embryo cell cultures. Proc. nat. Acad. Sci. (Wash.) 75, 2311
(1978).

C. J. Bos and P. EmmELOT, Studies on plasma membranes. XXI. Inhibition of
liver plasma membrane enzymes by tumor promoting-phorbol ester, mitotic in-
hibitors and cytochalasin B. Chem. biol. Interact. 8, 349 (1974).

A. Sivak, B. T. Mossman and B. L. Van Duuren, Activation of cell
membrane enzymes in the stimulation of cell division. Biochem. biophys. Res.
Commun. 46, 605 (1972).

L. R. RonrscHNEIDER, D. H. O’Briex and R. K. BourweLL, The stimulation
of phospholipid metabolism in mouse skin following phorbol ester treatment.
Biochim. biophys. Acta (Amst.) 280, 57 (1972).

A. Batmaiy and E. Z. Hecker, On the biochemical mechanism of tumori-
genesis in mouse skin. VII. The effects of tumor promoters on *H-choline and
*H-glycerol incorporation into mouse epidermal phosphatidylcholine in re-
lation to their effects on *H-thymidine incorporation into DNA. 2. Krebsforsch.
86 251 (1976).

P. E. DriEpGeR and P. M. BLumBERG, The effect of phorbol diesters on chicken
embryo fibroblasts. Cancer Res. 37, 3257 (1977).

P. M. Brumserg, P. E. Driepcer and P. W. Rossow, Effect of a phorbol
ester on a transformation sensitive surface protein of chick fibroblasts. Nature
(Lond.) 264 (1976).

R. Suss, G. KreisicH and V. Kinzer, Phorbol esters as a tool in cell research.
Europ. J. Cancer 8, 299 (1972).

H. Hennines, D. MicHAEL and E. ParteErson, Enhancement of skin tumori-
genesis by a single application of croton oil before or soon after initiation by
urethan. Cancer Res. 33, 3130 (1973).

R. G. O’Brien and L. Diamonp, Ornithine decarboxylase induction and DNA
synthesis in hamster embryo cell cultures treated with tumor-promoting
phorbol diesters. Cancer Res. 37, 3895 (1977).

A. N. Raick, K. Tuumm and B. R. Curvers, Early effects of 12-0-
tetradecanoyl-phorbol-13-acetate on the incorporation of tritiated precursors
into DNA and the thickness of the interfollicular epidermis, and their relation
to tumor promotion in mouse skin. Cancer Res. 32 (1972).

O. H. Lowry, N. J. RoserroucH, A. L. Farr and R. J. RanpaL1, Protein
measurement with the Folin phenol reagent. 7. biol. Chem. 193, 265 (1951).

B. B. Marsu, The estimation of inorganic phosphate in the presence of
adenosine triphosphate. Biochem. biophys. Acta (Amst.) 32, 357 (1959).

D. M. RusseL and S. M. SNybER, Amine synthesis in rapidly growing tissues:
ornithine decarboxylase activity in regenerating rat liver, chick embryo, and
various tumors. Proc. nat. Acad. Sci. (Wash.) 68, 1420 (1968).

F. WieBeL and R. Baserca, Early alterations in amino acid pools and
protein synthesis of diploid fibroblasts stimulated to synthesize DNA by
addition of serum. 7. cell Physiol. 74, 191 (1969).

G. Rovera and R. Baserca, Effect of nutritional changes on chromatin
template activity and non-histone chromosomal protein synthesis in WI1-38
and 3713 cells. Exp. Cell Res. 78, 118 (1973).

T. G. O’Brien, The induction of ornithine decarboxylase as an early, possibly
obligatory event in mouse skin carcinogenesis. Cancer Res. 36, 2644 (1976).

257



238

27.

29.

30.

31.

32.

33.

C. Rochette-Egly, 1. Chouroulinkov and M. Castagna

S. J. Yusea, Y. Licari, T. Ben, E. Parrerson, J. Hex~ings, T. F. Sracga, N.
CorBur~y and W. Kersey, Phorbol ecsters stimulate DNA synthesis and
ornithine decarboxylase activity in mouse epidermal cell cultures. Nature
(Lond.) 262, 402 (1976).

o NMarks. Epidermal growth control mechanisms. hvperplasia and  tumor
promotion in the skin. Cancer Res. 36, 2636 (1976).

U. Licarr, S. H. Yusea and H. Hennives, Modification of epidermal cell
response o 12-O-tetradecanoyl-phorbol-13-acetate by serum level, culture
temperature and pH. In Carcinogenests, Mechanisms of Tumor Promotion and
Cocarcinogenesis. (Edited by T. J. Slaga, A. Sivak and R. K. Boutwell) Vol. 2,
p- 221. Raven Press, New York (1978).

A. R. Peterson, S. MonpvarL, D. W. Brankow, W. Tuaon and C.
HEIDELBERGER, Effects of promoters on DNA synthesis in C3H/10T% mouse
fibroblasts. Cancer Res. 37, 3223 (1977).

H. Yamasaki, E. Fisacu, U. Nupkr, 1. B. WEeinsteiN, R. A. Rirking and P.
A. Marks, Tumor promoters inhibit spontaneous and induced differentiation
of murine erythroleukemia cells in culture. Proc. nat. Acad. Sci. (Wash.) 74,
3451 (1977).

M. Casracna, C. Rocuerte-Ecry and C. Rosenrerp, Tumour-promoting
phorbol diester induces substrate-adhesion and growth inhibition in lympho-
blastoid cells. Cancer Lett. 6, 227 (1979).

J. Moroney, A. Surru, L. D. Tomer and C. E. WEeNNER, Stimulation of
86Rb™ and *2Pi movements in 3T3 cells by prostaglandins and phorbol esters.
J- cell Physiwol. 95, 287 (1978).



