
[CANCER RESEARCH 47, 3174-3179, June 15, 1987]

Events Associated with Mouse Skin Tumor Promotion with Respect to Arachidonic
Acid Metabolism: A Comparison between SENCAR and NMRI Mice1

Susan M. Fischer,2 Gerhard FÃ¼rstenberger,Friedrich Marks, and Thomas J. Slaga

The University of Texas System Cancer Center, Science Parkâ€”Research Division, Smithville, Texas 78957 fS. M. F., T. J. SJ, and German Cancer Research Institute,
Institute of Biochemistry, Heidelberg, Federal Republic of Germany [G. F., F. M.]

ABSTRACT

NMRI and SENCAR, two stocks of mice commonly used in multistage
skin carcinogenesis studies, were compared with respect to the effects of
inhibitors of arachidimie acid metabolism for the following 12-O-tetra-
decanoylphorbol-13-acetate (TPA)-elicited events: tumor promotion,
DNA synthesis in vivo and in vitro, ornithine decarboxylase induction,
and prostaglandin (PG) E2 synthesis. Previous work had shown that the
cyclooxygenase inhibitor indomethacin enhanced TPA promotion in
SENCAR mice. We report here that over the same dose range (SO to
200 jig) indomethacin caused a dose-dependent inhibition of promotion
in NMRI mice. Significant reversal of this inhibition was achieved with
concomitant application of 10 MKPGFÂ¿,but not PGEj. DNA synthesis
studies showed that low doses of indomethacin and flurbiprofenincreased
11'A-stimulated DNA synthesis in primary cultures from SENCAR mice;

indomethacin suppressed this response in NMRI cultures. In vivo DNA
synthesis studies showed the same pattern:indomethacin enhanced TPA-
stimulated DNA synthesis in SENCAR mice but inhibited in NMRI
mice. Other classes of inhibitors of arachidonate metabolism (i.e., the
cyclooxygenase-lipoxygenase inhibitors 5,8,11,14-eicosatetraynoic acid
and phenidoneand the phospholipase A2inhibitor dibromoacetophenone)
had inhibitory activity in vitro and in vivo in both stocks of mice.
Indomethacinwas found to inhibit TPA-induced ornithine decarboxylase
activity to the same extent in both mice. Indomethacin was also very
effective in inhibiting TPA-induced PGE2 synthesis in both stocks of
mice. 5,8,11,14-Eicosatetraynoic acid and phenidone were likewise sup-
pressive in both stocks of mice. It is concluded that the NMRI and
SENCAR mice respond similarly to TPA with respect to promotion,
DNA synthesis, ornithine decarboxylase induction, and PG synthesis.
The difference appears to be in the degree of involvement of the lipoxy-
genase pathway.

INTRODUCTION

One of the prominent features of mouse skin treated with
TPA3 is the occurrence of hyperplasia and inflammation, a

process mediated at least in part by arachidonic acid metabolites
including the PGs. The involvement of arachidonic acid metab
olism in tumor promotion has been established principally
through studies on the effects of inhibitors of various parts of
the metabolic pathway on promotion and on such events as
TPA-induced DNA synthesis and ODC activity (1-9).

As previously reported (1, 2), studies performed with the
SENCAR mouse showed that cyclooxygenase inhibitors such
as indomethacin and flurbiprofen enhanced tumor promotion
in a dose-dependent manner while inhibitors of both cyclooxy
genase and lipoxygenase (ETYA and phenidone) and of phos
pholipase A: (glucocorticoids and dibromoacetophenone) were
found to inhibit tumor promotion. Histology studies demon
strated that indomethacin did not inhibit TPA-induced inflam-
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mation, hyperplasia, or dark cell induction in this mouse (2).
However, a preliminary experiment with NMRI mice showed
that in contrast to results with SENCAR mice, at 0.55 /imol
indomethacin inhibited promotion and that this inhibition
could be overcome by the addition of 30 nmol PGF2â€žbut not
PGE2 (5). In addition, in the NMRI mouse the hyperprolifer-
ative response to TPA treatment appears to be PG dependent
because the inhibition by indomethacin of the early PGE2
accumulation was accompanied by an inhibition of cellular
proliferation in the epidermis. The latter could be overcome by
topical application of PGE2 together with TPA (3, 4).

Since these rather conflicting results have limited an under
standing of the role of arachidonic acid metabolism in promo
tion, a more thorough comparison was warranted in order to
determine which characteristics are common and which aspects
are unique to particular mice. The goal of this investigation,
therefore, was to compare the responses of these two widely
used stocks of mice, SENCAR and NMRI, with respect to their
arachidonic acid metabolism as determined by the effect of
inhibitors of this pathway on several TPA-elicited events in
cluding tumor promotion, DNA synthesis, and ODC activity.

The studies reported here suggest that the NMRI and SEN-
CAR mice respond to TPA in a similar manner with respect to
promotion, PGE2 synthesis, and ODC induction. The function
of the arachidonate metabolites in these processes in the two
mice may account for the different response to the cyclooxy
genase inhibitor indomethacin. The apparent increased lipoxy
genase activity in SENCAR mice may be responsible for the
greater sensitivity of these mice to the phorbol ester tumor
promoters.

MATERIALS AND METHODS

Materials. Female SENCAR mice were obtained from the Oak Ridge
National Laboratory, Oak Ridge, TN, and were used when 7 to 9 weeks
of age (during the resting phase of the hair cycle). NMRI mice were
obtained from the Zentralinstitut fÃ¼rVersuchstierzucht, Hannover,
Federal Republic of Germany and handled in a similar manner. New
born mice (less than 2 days old) were used for establishing primary
cultures. TPA was purchased from Chemicals for Cancer Research,
Eden Prairie, MN, and indomethacin and prostaglandin E2 from Sigma
Chemical Co., St. Louis, MO. ETYA was the kind gift of J. G.
Hamilton, Hoffmann-LaRoche, Inc., Nutley, NJ. Phenidone (1-phenyl-
3-pyrazolidinone) and dibromoacetophenone were obtained from Aid-
rich Chemical Co., Milwaukee, WI. Flurbiprofen was supplied by the
Boot Co., Ltd., Nottingham, England. [l-'4C]Arachidonic acid (specific
activity, 55 mCi/mmol) and DL-[l-'4C]ornithine hydrochloride (specific

activity, 57 nmCi/mmo\) were from Amersham Corp., Arlington
Heights, IL; [mefA>>/-:'H]thyinidine(specific activity, 6 or 71 Ci/mmol

or 6 Ci/mmol) was from Swartz Mann, Spring Valley, NY. Silica gel
60F-254 thin-layer chromatography plates were obtained from Merck,
Darmstadt, Federal Republic of Germany. All culture media and serum
were from GIBCO, Grand Island, NY.

Tumor Promotion Experiments. Female 7-week-old NMRI mice were
shaved with surgical clippers 2 days prior to the first treatment, and
only those mice in the resting phase of the hair cycle were used in the
tumor experiments. Groups of 16 mice, housed 4/cage and fed ad
libitum, were used, and the incidence of tumors was recorded weekly.
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Initiation was accomplished by a single topical application with 100
nmol (25.6 /ig) 7,12-di met hylben/[a jam tiracene under subdued light.
Promotion with 3.08 /tg TP A, applied twice weekly for 18 weeks, was
begun 1 week after initiation. Indomethacin was applied topically at
specified times before TPA. Prostaglandins E2 and F2a were adminis
tered simultaneously with TPA. All compounds were applied in 0.1 ml
spectroquality acetone with an automatic pipet.

In Vitro DNA Synthesis. Studies on both DNA synthesis and ara-

chidonic acid metabolism in vitro were carried out on primary cultures
of epidermal cells from SENCAR or NMRI newborn mice. Cells were
isolated as described by Yuspa and Harris (10). These cultures were
plated at 1.5 x IO6 cells/35-mm tissue culture dish in an enriched
Waymouth's medium (11) supplemented with 10% fetal bovine serum

and 100 IU penicillin and 100 Mg/ml streptomycin and grown at 3 PC
in 5% CO2. Cultures were treated 24 h after plating with either acetone
solutions of the inhibitors and/or TPA so that the volume of solvent
never exceeded 0.1',. Since the kinetics of induction of DNA synthesis

with the tumor promoter TPA is such that the maximum occurs 4 to 5
days after treatment, the effects of the arachidonic acid inhibitors on
TPA-induced DNA synthesis were determined on day 5. The specific
activity of DNA synthesis was measured by determining the amount of
[3H]thymidine incorporated per /Â¿gDNA, using the Schmidt-Thann-

hauser isolation procedure (12) and Burton assay method (13) after
pulse labeling of the cultures with 1 /Â¿Ci/mlmedium for 1 h.

In Vivo DNA Synthesis. For the in vivo experiments with the SEN-
CAR and NMRI mice, groups of 6 adult mice with the dorsal skin
shaved 3 to 4 days prior to experimentation were treated topically with
2 or 6.16 ng TPA, respectively, and the appropriate inhibitors. The
solutions of all agents were prepared in acetone immediately before
use. Control mice received the same volume of acetone. Since TPA
induced DNA synthesis maximally at about 24 h in SENCAR mice
and at 18 h in NMRI mice, these time points were used routinely for
measuring the effects of the inhibitors. Each mouse was given an
injection of 30 //Ci [3H]thymidine 30 min prior to sacrifice. The
epidermis was removed from SENCAR mice by the heat-cold method
(14) and from NMRI by scraping frozen specimens with a scalpel. The
specific activity of DNA synthesis was determined by the Schmidt-
Thannhauser procedure (12) and Burton assay (13).

For the kinetics experiments using the NMRI mice, groups of 6 mice
prepared as described above were treated with 1.32 ng TPA in 0.1 ml
and where specified 200 Â¿igindomethacin or 0.1 ml acetone. At 6-h
intervals up to 48 h, groups of 6 mice were given injections i.p. of 30
/Â¿Ci[3H]thymidine 1 h prior to sacrifice. DNA synthesis was measured

as described above.
Measurement of PGE2. Primary cultures of newborn epidermis were

prepared as described above. PG synthesis, specifically PGE2, was
measured by first prelabeling cultures for 12 h (plateau phase of the
labeling kinetics for the phospholipids) with 0.2 /Â¿Ci/ml[MC]arachi-

donic acid. The cultures were washed and then treated with TPA and
inhibitors for 4 h (plateau phase of PG accumulation in the medium).
The medium was removed and frozen for later analysis. Acidified ethyl
acetate extracts of 1 ml of thawed medium were chromatographed on
silica gel thin-layer chromatography plates using the A9 solvent system
(15) consisting of the upper phase of isooctane:ethyl acetate:acetic
acid:water (50:110:20:100 by volume). Each plate was in addition
spotted with cold PGE2 which was visualized by the use of iodine
vapors. The regions corresponding to the references were scraped and
counted in a liquid scintillation counter.

In Vitro ODC Activity. Primary cultures were treated for 7 h with
solvent, TPA, and inhibitors in fresh medium. The medium was then
discarded and the scraped cells centrifuged at 12,000 x g following
homogenization. The supernatant was then used to determine enzyme
activity measured as the release of I4CO2from [MC]ornithine, as previ
ously described (16), and the total protein was measured by the Bio-
Rad Coomassie blue reaction.

RESULTS

1. The lowest level used, 50 /ig, reduced the tumor yield ap
proximately 50% and tumor rate 20%. The greatest inhibition
was observed with the highest dose, 200 tig, which reduced
tumor yield 80% and tumor rate 55%.

Using 200 Â¡igof indomethacin, the concomitant addition of
either 5 or 10 tig PGE2, applied simultaneously with TPA, had
essentially no effect on the indomethacin reduction of tumor
rate or yield (Fig. 2). However, when PGF2â€žwas used instead,
a dose-dependent partial reversal of the inhibitory effect of
indomethacin was observed (Fig. 3). The higher dose of PGF2â€ž,
10 tig, shifted the tumor rate of 45% seen with indomethacin
alone up to 82%. The tumor yield was likewise increased.

Effect of Arachidonate Inhibitors on TPA-induced DNA Syn
thesis in Vitro. Treatment of primary epidermal cultures of
either SENCAR or NMRI origin with TPA 24 h after plating
resulted in a dose-dependent increase in DNA synthesis, ex
pressed as specific activity (cpm per ng DNA), in a manner
previously described by Yuspa et al. (17). The dose of TPA
resulting in the maximum increase in specific activity was 0.1
Mg/ml medium for SENCAR mice and 1.0 Mg/ml for NMRI
mice (data not shown). Since the time of maximum response

Tumor Promotion. Indomethacin inhibited TPA promotion
in NMRI mice in a dose-dependent manner, as shown in Fig.

9 12

Weeks

Fig. 1. Inhibition of TPA tumor promotion by indomethacin in NMRI mice.
Each group consisted of 16 mice; all were initiated with 100 nmol (25.6 *ig)7,12-
dimethylbenz(a)anthracene and promoted with 3.08 MgTPA and various doses of
indomethacin (applied 30 min before TPA) twice weekly. Data are expressed as
(bottom) the percentage of animals bearing tumors and (top) the average number
of tumors per mouse as a function of weeks of promotion. O, TPA only; â€¢,TPA
plus SO itg indomethacin; A. TPA plus 100 fig indomethacin; A, TPA plus 200
ng indomethacin.
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0 3 18

Fig. 2. Effect of l'( 11 on indomethacin inhibition of promotion in NMRI
mice. Groups of 16 mice were initiated and promoted as described in Fig. I
legend. O, 3.08 ng TPA only; Q, TPA plus 200 tig indomethacin plus 10 Â¡igPGE2;
A, TPA plus 200 ng indomethacin plus 5 ng PGE2; A, TPA plus 200 ^g
indomethacin.

to TPA for both kinds of mice was 4 to 5 days after treatment,
this time point was used to assess the effects of the inhibitors.
For SENCAR (Fig. 4, left), the 2 cyclooxygenase inhibitors,
indomethacin (at the low dose) and flurbiprofen, significantly
increased TPA-stimulated DNA synthesis above the level seen
with TPA alone. Inhibition at the high dose of indomethacin
was probably due to toxicity. A different situation was seen in
the NMRI cultures (Fig. 4, right), that is indomethacin sup
pressed TPA-stimulated DNA synthesis and flurbiprofen had
no significant inhibition. The other classes of inhibitors, the
cyclooxygenase-lipoxygenase inhibitors ETYA and phenidone,
and the phospholipase A â€¢inhibitor dibromoacetophenone, sup
pressed TPA-stimulated DNA synthesis in both SENCAR and
NMRI cultures, although in general they appeared to be more
effective in the SENCAR cultures.

Effect of Arachidonate Inhibitors on TPA-induced DNA Syn
thesis in Vivo. The time of maximum response of SENCAR or
NMRI mouse epidermis to TPA with regard to DNA synthesis
is approximately 18 to 24 h following treatment (data not
shown). The effects of the arachidonate inhibitors on SENCAR
and NMRI mice, 24 and 18 h, respectively, after treatment, are
shown in Figs. 5 and 6. In a manner similar to that observed in
the in vitro studies, the cyclooxygenase inhibitor indomethacin
enhanced TPA-stimulated DNA synthesis in SENCAR epider
mis. There is, however, an inhibitory effect of the other classes
of arachidonate inhibitors, (i.e., cyclooxygenase-lipoxygenase
and phospholipase) in the SENCAR mouse. The doses used
were the same as those used in the tumor promotion experi-
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Fig. 3. Effect of PGF^ on indomethacin inhibition of promotion in NMRI
mice. Groups of 16 mice were initiated and promoted as described in Fig. 1
legend. O, 3.08 Mg TPA only; D, TPA plus 200 ng indomethacin plus 10 jig
PGF2a; A, TPA plus 200 jig indomethacin plus 5 MgPGFi,,; A, TPA plus 200 >jg
indomethacin.
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Fig. 4. Effect of arachidonate inhibitors on in vitro DNA synthesis in TPA-
treated epidermal cells from SENCAR (left), and NMRI (right) mice. The specific
activity was determined 5 days after continuous treatment of cultures with TPA
and the given doses of arachidonate inhibitors. Data are expressed as a percentage
of the TPA-only cultures. The experiments were done twice with triplicate dishes
in each treatment group. Â»,those treatment groups significantly different (/' >
0.05; Student's / test). Left, cultures from SENCAR mice, 0.1 Mg/ml TPA used;

right, cultures from NMRI mice, 1.0 *ig/ml TPA used. T, TPA; IN, indomethacin;/â€¢'.flurbiprofen; /.. ETYA; /'. phenidone; Di, dibromoacetophenone.

ments in which these same agents inhibited TPA promotion in
SENCAR mice (9). In vivo DNA synthesis experiments in the
NMRI mouse demonstrated that 200 /ig indomethacin sup
pressed the level of TPA-stimulated DNA synthesis by approx-
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Fig. 5. Effect of arachidonate inhibitors on in vivo DNA synthesis in TPA-
treated SENCAR mouse epidermis. The specific activity (Sp. Act.) was determined
24 h after topical application of either acetone, l MgTPA, and/or the given doses
of arachidonate inhibitors. rÂ«/nc.\.average of 6 mice; bars, SD; Â«,significant
difference (P > 0.05; Student's / test) from the TPA only mice. C, acetone control;

T, TPA; IN, indomethacin; P, phenidone; Di, dibromoacetophenone; and E,
ETYA.
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Fig. 6. Effect of arachidonate inhibitors on in vivo DNA synthesis in TPA-
treated NMRI mice. Specific activity was determined 18 h after topical application
of either acetone (O.I ml) or 6.16 *<gTPA and the given doses of arachidonic
inhibitors that were applied 30 min prior to TPA. Values, average of 6 to 10
mice; bars, SD; C, acetone control; T, TPA; IN, indomethacin; P, phenidone; Di,
dibromoacetophenone; E, ETYA.

imately 50% as well as delayed the time of maximum synthesis
by 6 h (Fig. 7). In addition to indomethacin, the phospholipase
inhibitor dibromoacetophenone showed an inhibitory effect on
TPA-induced DNA synthesis in NMRI mouse skin, whereas
ETYA and phenidone were more or less inactive in this respect
(Fig. 6).

In Vitro ODC Activity. Because indomethacin enhanced
TPA-stimulated DNA synthesis in SENCAR mice but inhibited
it in NMRI mice it was of interest to determine its effect on
ODC activity in primary cultures of epidermal cells from these
2 stocks of mice. ODC activity was measured at 6, 9, and 12 h
after treatment with 1 ng/m\ TPA in primary cultures; the peak
response for both SENCAR and NMRI occurred at 9 h (data

6 12 18 24 30 36 42 48
Hours

Fig. 7. Effect of indomethacin on DNA synthesis in vivo in TPA-treated
NMRI mice. Specific activity was determined at 6-h intervals after topical
application of either acetone, 1.32 fig TPA or 200 ng indomethacin. follies,
percentage of the acetone control specific activity and the average of 6 to 10 mice;
him. SD; â€¢.TPA; A, TPA plus indomethacin (applied 30 min prior to TPA).

Table 1 Indomethacin inhibition of TPA-induced ornithine decarboxylase
activity in epidermal cell culture (treated far 9 h)

ODC activity (nmol
COj/mg/protein/h)"

Drug SENCAR NMRI

Acetone 4.85 3.82
TPAU/ig/ml) 34.66 32.09
Indomethacin (35.8 <ig/ml) 5.64 4.36
TPA (1 xg/ml) and indomethacin (35.8 14.54 17.23

Â«ig/ml)
" The SE was <10% of the mean of triplicate determinations.

not shown). As shown in Table 1, indomethacin was equally
effective in cultures from both strains of mice in inhibiting
TPA-induced ODC activity. The dose of TPA used is the same
as that found to enhance TPA-induced DNA synthesis in vitro
in SENCAR while resulting in inhibition in NMRI cultures.

PGE2 Synthesis. Thin-layer chromatography of phospho-
lipids from epidermal cells of either SENCAR or NMRI mice
grown in the presence of [14C]arachidonic acid showed that cells

from both mice incorporate the fatty acid into their membrane
phospholipids to approximately the same extent (data not
shown). Release of arachidonate from these phospholipids re
sults in metabolism to the lipoxygenase products, the HETEs,
and the cyclooxygenase products, the prostaglandins. PGE2 is
the most abundant PG produced by murine epidermis and was
therefore used as a marker for all PG synthesis. When the
prelabeled cultures are then exposed to TPA, the resulting
induction of PG synthesis, determined by measuring PGE2, was
approximately the same for both mice (Fig. 8). TPA treatment
of these cultures resulted in a 2- to 3-fold induction of PGE2
synthesis. Using 4 h as the time of maximum accumulation in
the medium, TPA-induced PGE2 production in the presence of
arachidonate inhibitors was determined. As shown in Fig. 8,
indomethacin was very effective in inhibiting TPA-induced
PGE2 synthesis in both stocks of mice. Several other inhibitors
used in these studies were likewise effective in inhibiting TPA-
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Fig. 8. l'( ,1 . synthesis in response to TPA and indomethacin in cultured

epidermal cells from SENCAR and NMRI mice. Primary cultures prelabeled
with [l-uC)arachidonic acid were treated with either acetone (O), l ng/ml TPA
(A), 35.8 *ig/ml indomethacin (U), or TPA and indomethacin (A). Cultures were
terminated at the times specified and the labeled arachidonate metabolites sepa
rated by thin-layer chromatography. Points, average of duplicate cultures; each
experiment was repeated at least twice.

Table 2 Effect of arachidonate inhibitors on TPA-induced PGE2 synthesis In vitro
l'( i I : synthesis was determined by thin-layer chromatography separation of

arachidonic acid metabolites from prelabeled cultures treated for 4 h with TPA
and inhibitors. Duplicate cultures were used and the experiments were performed
twice.

MouseInhibitorSENCAR

ETYAPhenidoneNMRI

FlurbiprofenETYAPhenidoneDose

Cig/ml)1

5
10
SO12

510251010TPA

re
sponse(%)81

53
422091

58
2643374633

induced PGE2 synthesis in cultured epidermal cells from both
stocks of mice (Table 2). Similar results were found for PGF2â€ž
with respect to stocks of mice and effects of inhibitors (data not
shown).

DISCUSSION

In mouse skin the tumor promoter TPA has been reported
to stimulate the release of arachidonic acid from membrane
phospholipids by phospholipase activity (18) and to increase
the synthesis of prostaglandins (19-21). Both the cyclooxygen-
ase- and lipoxygenase-derived products of arachidonic acid have
been reported to influence various physiological and patholog
ical processes in the skin (22). PCs in particular have been
implicated in several promoter-induced events in mouse skin.

In earlier experiments to determine whether PGs had a function
in tumor promotion, different PGs applied topically to SEN-
CAR mice concomitantly with TPA were found to either en
hance or inhibit tumor formation, suggesting that modulating
PG levels was a means of modifying the tumor response (23).
The release of arachidonic acid and its metabolism by either
the lipoxygenase or cyclooxygenase pathways can be modified
through the use of inhibitors, as shown in the diagram below.
Promotion experiments using inhibitors of PG synthesis, par
ticularly the cyclooxygenase inhibitor indomethacin, have been
reported to inhibit in CD-I mice (6), to enhance in SENCAR
mice (1) and now to inhibit in NMRI mice, although the results
of these studies are not in accord with one another. In order to
better understand the basis for this difference among stocks of
mice, the effect of both cyclooxygenase and lipoxygenase inhib
itors on several promoter-elicited events in epidermis from
NMRI and SENCAR mice were determined.

It is noteworthy that the stimulation of PGE2 synthesis by
TPA was nearly the same in SENCAR and NMRI epidermal
cells. PGE2 synthesis, one of the earliest responses to TPA, has
been thought to be involved in triggering epidermal hyperplasia
of the type that is accompanied by skin inflammation (24). This
in turn has suggested that arachidonate metabolites are part of
the endogenous growth control mechanisms in these tissues. In
the NMRI mouse this increased PGE2 synthesis appears to be
essential for subsequent events such as ODC, DNA synthesis,
and finally tumor promotion in as much as indomethacin
suppresses all of these events. In the SENCAR mouse, PGE2
apparently does not have the same regulatory activity; one or
more lipoxygenase products may instead serve this function.
This is suggested by previous findings in SENCAR mice (25)
in which indomethacin was found to elevate the levels of the
lipoxygenase product(s). Future comparison of the profiles of
arachidonate metabolites and their putative functions in the 2
stocks of mice should help clarify this further.

One of the prominent responses of mouse epidermis to TPA,
both in vivo and in vitro, is the induction of ODC activity.
Studies by Verma et al. (1) suggested that PGs were involved
in TPA-induced ODC in vivo because this induction could be
suppressed by indomethacin and the suppression partially re
versed by the addition of PGE, or PGE2. We report here that,
similar to the observations on PGE2 synthesis, the extent of
ODC induction in the SENCAR and NMRI mice is approxi
mately the same, and that indomethacin inhibits to approxi
mately the same extent. These effects suggest that although
PGs are apparently necessary for ODC induction, elevated PG
synthesis is not required for tumor promotion in the SENCAR
mouse even though PGs do appear to be necessary in CD-I and
NMRI mice. On the other hand, lipoxygenase products also
appear to be involved in ODC induction. Nakadate et al. (8, 9)
have reported that lipoxygenase inhibitors suppress TPA-in-
duction of ODC in CD-I mice and lipoxygenase inhibitors have
been shown to inhibit tumor promotion in CD-I and SENCAR
mice (1, 26, 27) and NMRI mice (28).

HETES
lipoxygenases

^ /

ETYA
PHENIDONE

PHOSPHOLIPIDS
DIBROMOACETOPHENONE

cyclooxygenase/
endoperoxidase

ARACHIDONIC ACID / PROSTAGLANDINS
INDOMETHACIN
FLURBIPROFEN
ETYA
PHENIDONE
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Increased ODC activity and subsequent polyamine accumu
lation have been considered to be essential components of
elevated DNA synthesis. It could be argued, therefore, that
indomethacin should inhibit TPA-stimulated DNA synthesis.
Such is the case for NMRI mice, but this was not found to be
true for SENCAR mice, either in vivo or in vitro. These findings
suggest several possibilities including the fact that although
indomethacin reduces TPA-induced ODC activity, the level is
still higher than in the solvent controls; this level may be
sufficient to allow DNA synthesis to be triggered by some other
mechanism. Since in the SENCAR mice indomethacin treat
ment results in decreased cyclooxygenase products as well as
increased lipoxygenase products (25), it is also possible that the
lipoxygenase products can carry out at least some of the func
tions of the cyclooxygenase products (inflammation, DNA syn
thesis). In line with such an interpretation is the observation
that ETYA inhibits TPA-induced DNA synthesis in SENCAR
mice. Using an identical dose, however, ETYA does not inhibit
the PGE-mediated DNA synthesis stimulated by TPA in NMRI
skin. Only very high doses of this cyclooxygenase-lipoxygenase
inhibitor show a significant inhibitory effect (24).

The dose of TPA necessary to exert maximum promoting
activity depends highly on the strain or stock of mouse used.
For the SENCAR mouse, a dose of 2 ^g TPA is optimal (29)
but for NMRI a dose of 6.16 pg is routinely used. These
differences could be due to a number of factors, including
differences in the putative TPA receptor, protein kinase c. Garte
et ai. (30), in a comparison between mice sensitive or resistant
to TPA promotion, suggested that the receptor level may not
account for such differences. Candidates, however, may be the
lipoxygenase products or perhaps other arachidonate metabo
lites.

Two conclusions may be drawn from these studies: (a) NMRI
and SENCAR mice have many and probably the most impor
tant features in common. Both stocks of mice respond to TPA
treatment in a similar manner in TPA-elicited tumor promo
tion, ODC induction, DNA synthesis, and PG synthesis. The
differences between the 2 stocks of mice appear to lie in the
degree of involvement of the lipoxygenase pathway of arachi-
donic acid metabolism in skin tumor promotion. The lipoxy
genase pathway appears to be more important in SENCAR
mice and may be responsible for the increased sensitivity of this
mouse to phorbol ester effects. In addition, cyclooxygenase
products are essential in NMRI mice for all responses while
they are unnecessary in SENCAR mice except for induction of
ODC synthesis. Nevertheless, recent experiments in NMRI
mouse skin (31) have shown that phorbol esters induce lipoxy
genase pathways generating 8-HETE as a predominant metab
olite. This may point to the importance of investigating the
profiles of arachidonic acid metabolites and their functions in
both mice; (/>)these studies also indicate that primary cultures
of epidermal cells should continue to be useful models for in
vivo events related to the involvement of arachidonic acid
metabolism in TPA-induced events.
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