
(CANCER RESEARCH 51, 1045-1050, February 1, 1991]

Promoter Independence as a Feature of Most Skin Papillomas in SENCAR Mice1

C. Marcelo Aldaz,2 Claudio J. Conti, Aaron Chen, Albert Bianchi, S. Beth Walker, and John DiGiovanni

Department of Carcinogenesis, The University of Texas M. D. Anderson Cancer Center, Science Park-Research Division, Smithville, Texas 78957

ABSTRACT

In the present study, the fate of individual papillomas induced by
initiation-promotion on the backs of SENCAR mice was monitored after

discontinuation of limited promoter treatment. Groups of 40 SENCAR
mice each were initiated by a single topical application of 7,12-dimeth-

ylbenz[a)anthracene (DMBA) at 2, 1, 0.5, or 0.25 fig/mouse. Animals
were promoted with 2 jig of 12-O-tetradecanoylphorbol-13-acetate (TPA)

twice weekly during 10 weeks. At that time point, 10 papilloma bearing
mice from each group were randomly selected to follow the growth of
their existing tumors. Animals and their individual tumors were identified,
charted, and photographed weekly. After an initial increase, the average
number of papillomas/mouse remained constant after discontinuation of
TPA in all the groups except the group receiving the highest DMBA
dose (Group 1) and with highest tumor load. Twenty-one weeks after
TPA was discontinued, only 10-20% of the papillomas had regressed

and no statistically significant differences were found among the different
DMBA dose groups. On the other hand, Group 1 showed the highest
percentage of coalescing tumors which was apparently a function of
tumor load. In addition, no differences were observed in the proportion
of positive tumors with activating point mutations at codon 61 of the Ha
ras gene when comparing samples of papillomas from the highest DMBA
initiation dose group (2 Â¿tg)versus the lowest DMBA initiation dose
group (0.25 UK)-Our present data suggest that papillomas induced with
low doses of DMBA in SENCAR mice are no more TPA dependent than
those induced by higher initiating doses. Furthermore, in SENCAR mice
at the doses used in the present study (0.25-2 Â«ig/mouse), the number of
so-called "promoter dependent" papillomas represents only a small per

centage of the total papillomas produced using the initiation-promotion

protocol.

INTRODUCTION

The multistage model of mouse skin carcinogenesis consti
tutes a useful system for the study of epithelial tumor promotion
and progression (1-3). In early experiments with this model,
Shubik (1) reported a high regression rate among papillomas
produced by protocols using high concentrations of DMBA3

and croton oil. Burns et al. (4, 5) reported that about 95% of
papillomas regressed in HA/ICR mice initiated with relatively
low doses of DMBA followed by limited promotion with TPA.
On the basis of these earlier studies as well as their own work
several authors have suggested the existence of papilloma sub-
populations with a majority of the tumors produced during
initiation-promotion having little or no chance to progress (6,
7). These tumors have been referred to as "terminally benign
tumors." Reddy et al. (8) concluded that 80% of the DMBA-

TPA induced papillomas were promoter dependent and re
gressed after cessation of promoter treatment in BALB/cPGK
mice initiated with high doses of DMBA. In studies with low
doses of DMBA using BALB/cPGK mice, these same authors
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(9) concluded that essentially all tumors regressed following
cessation of limited TPA treatment. Hennings et al.(l) reported
that approximately 30-40% of the papillomas produced during
promotion with TPA in SENCAR mice initiated with relatively
high doses of DMBA regressed whether TPA was given for 10,
20, or 40 weeks, whereas in CD-I mice, only in mice where
TPA treatment was terminated after 12 weeks did papillomas
regress. On the other hand, Ewing et al. (10) reported that
regardless of the length of promoter treatment (3, 5, 7, 10, or
60 weeks), in mice initiated with 10 nmol DMBA the papillo
mas/mouse remained essentially at a plateau level during the
remaining experimental period, suggesting only minimal pap
illoma regression in SENCAR mice. However, loss or disap
pearance of tumors was observed in those animals treated
continuously with TPA that received higher initiating doses
and with high tumor burdens (10, 11). Therefore, discrepancies
exist in the literature regarding the actual proportion of papil
lomas that are "promoter dependent" and that regress after

termination of TPA treatment.
It is important to note that several factors may contribute to

apparent tumor loss during the course of a tumor promotion
experiment. These factors include papilloma-papilloma and
papilloma-carcinoma coalescence, ischemie necrosis, tumor in
fections, dermatitis, biting, tumor regression, and animal death.
The importance of some of these factors appears to be directly
related to tumor load per animal (e.g., coalescence) which is a
function of the initiator and/or promoter dose. In addition, the
available data suggest that genetic differences in response to
TPA can affect the latency of tumor development (and possibly
tumor regression kinetics) among specific stocks and strains of
mice during promotion with phorbol esters (12).

The present study was designed to explore in detail several
factors that contribute to papilloma loss following limited ex
posure (10 weeks) to TPA using SENCAR mice. This outbred
stock has been used in many mouse skin tumor experiments
reported in the literature (13); however, detailed tumor regres
sion studies have not been published. In particular, the experi
mental protocol was designed to evaluate papilloma regression
at moderate (2 /Â¿g)to low (0.25 Mg)initiating doses of DMBA.
To achieve these goals, the fate of each papilloma on individual
SENCAR mice in groups receiving different initiating doses of
DMBA was followed after discontinuation of limited promoter
treatment. The results indicate that the number of promoter
dependent papillomas that regressed over a 21-week period
after discontinuation of TPA treatment in SENCAR mice
represents a relatively small percentage of the total papillomas
produced using the initiation-promotion protocol. Further
more, different initiator doses (in the range of 0.25-2 ng/
mouse) did not appear to have a major influence on the growth
characteristics of papillomas produced during initiation-pro
motion in this mouse stock.

MATERIALS AND METHODS

Chemicals. DMBA was purchased from Eastman Kodak Co. (Roch
ester, NY). TPA was obtained from Chemicals for Cancer Research
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(Eden Prairie, MN). [a-"P]ATP (specific activity, >3000 Ci/mmol)

was purchased from Amersham (Arlington Heights, IL).
Animals. Female SENCAR mice were obtained from the National

Cancer Institute (Bethesda, MD). They were used for experimentation
beginning at 7-9 weeks of age. The dorsal skin of each mouse was
carefully shaved with surgical clippers 2 days before initiation with
DMBA. Only mice in the resting phase of the hair growth cycle were
used.

Experimental Protocol. Groups of 40 mice each were initiated by a
single topical application of DMBA at the following doses: 2, 1, 0.5,
and 0.25 /jg/mouse (Groups 1, 2, 3, and 4, respectively). Two weeks
after initiation twice-weekly applications of 2 ng of TPA were begun
and continued for 10 weeks. At that time point, 10 papi 1loma bearing
mice from each group were randomly selected to follow the growth of
their existing tumors. Individual animals were identified by ear marks
and tumors were individually identified on each mouse and charted
graphically through the use of a map. In addition, 35-mm photographs
of each animal were obtained and used to verify the visual mapping
procedure. This procedure was repeated on a weekly basis. Animals
were euthanized at the end of the experiment or earlier if their clinical
condition deteriorated. Histological analyses were performed on all
suspected carcinomas and on random papilloma samples at the end of
the experiment. Statistical significance for tumor loss due to various
causes was determined by the x2 test with continuity correction. Prob
ability was set at P < 0.05. To improve statistical power, all comparisons
between treatment groups are based on total numbers of tumors. For
comparisons of mean papilloma responses between different groups
and/or time points Student's t test was used.

DNA Extraction and Hybridization. High molecular weight DNA was
isolated from tissue blocks fixed in 70% alcohol as described by Goelz
et al. (14). Fifteen Mgof DNA were digested with a 10-fold excess of

Xbal enzyme (Boehringer Mannheim), for 12 h. Restricted samples
were electrophoresed through 0.8% agarose gels and transferred onto
nylon filters (Nytran; Schleicher and Schnell ) according to the suppliers
conditions. Purified insert from the BS9 plasmid (15) used for detection
of the Ha-ras gene was labeled by random-priming using a kit (Boeh
ringer Mannheim). Blots were hybridized under stringent conditions
(50% formamide, 6x standard saline-citrate (0.15 M NaCl/0.015 M
sodium citrate, pH 7.0), 42Â°C),washed to a final stringency of 0.1 x
standard saline-citrate at 65Â°Cfor 30 min, and exposed to Kodak film
in the presence of intensifying screens for 48-96 h at -70Â°C.

RESULTS

Papilloma Growth Curves following Cessation of TPA Treat
ment. The papilloma incidences at 10 weeks of promotion were
95, 92, 77, and 59% in Groups 1, 2, 3, and 4, respectively. The
average numbers of papillomas/mouse were 6.72, 4.54, 1.77,
and 1.15, respectively. At that time point, 10 papilloma bearing
mice from each group were randomly selected. Since only mice
with papillomas could be used in order to perform the study,
the average numbers of papillomas/mouse shown in Fig. 1 are
higher than the number of tumors/mouse in the original exper
imental groups of 40 animals each.

The papilloma response curves following 10 weeks of pro
motion are shown in Fig. 1. The papilloma response in the 2-
fig DMBA group increased significantly (P < 0.05) from 6.72
Â±1.42 papillomas/mouse at Week 10 to 13.21 Â±1.71 (SD)
papillomas/mouse at Week 15. Twenty-one weeks after discon
tinuation of TPA treatment this was the only group that showed
a significant (P < 0.05) reduction from the plateau in the
average number of papillomas/mouse (8.25 Â±0.96). The aver
age number of papillomas/mouse in the 1-, 0.5-, and 0.25-^g
groups remained essentially constant during the 21-week obser
vation period. Development of new papillomas was observed in
the various groups up to several weeks after TPA discontinua
tion. Individual monitoring of the animals was used to follow
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Fig. 1. Effect of cessation of promotion on papilloma growth. Mice were
initiated with 2 /ig (d) (Group 1), 1 ng (Â»)(Group 2), 0.50 Mg(â€¢)(Group 3), and
0.25 jig (^) (Group 4) and then promoted with twice weekly applications of 2 >ig
of TPA for 10 weeks. Arrow, last TPA application. At that time point, ten
papilloma bearing mice from each group were randomly selected. As a conse
quence, the papilloma/mouse averages shown here at 11 weeks are higher than
the number of tumors/mouse in the original groups of 40 animals each (see
"Results").
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Fig. 2. Comparison among the different DMBA initiation dose groups for the
percentage of tumors that regressed (A) and coalesced (/?) after cessation of TPA
treatment (arrow). Group 1 (D), Group 2(Â»),Group 3 (â€¢),and Group 4 (O). (*),
P < 0.02 (x2 test); Pt, total cumulative number of papillomas; Pr, total cumulative

number of papilloma regressions; Pc, total cumulative number of papillomas lost
by coalescence.

the fate of each tumor present at the time of cessation of
promoter treatment.

Tumor Regression. Fig. 2A represents the percentage of pap
illomas that regressed during the time frame of the experiment
as a function of initiator dose. In the present study, a tumor
was considered to have regressed if it was present 1 week and
then absent the following week or if a papilloma visibly reduced
in size until it was no longer visible to the naked eye over a
series of several successive weeks. The percentages in Fig. 2 are
based on the total cumulative numbers of papillomas produced
at each different dose of DMBA. The total cumulative numbers
of papillomas for each group were 139, 90, 37, and 43 for the
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DMBA initiating doses of 2, l, 0.5, and 0.25 ^g, respectively
(see also Table 1). No statistically significant differences were
found in the percentage of tumors that regressed among the
different treatment groups. At Week 20, Group 1 was not
significantly different from groups 2, 3, and 4 (P < 0.70, P <
0.20, and P < 0.90, respectively; d.f. = 1). At Week 31, Group
1 was not significantly different from Groups 2, 3, and 4 (P <
0.95, P < 0.70, and P < 0.70, respectively; d.f. = 1).

Fig. 3, A-D, shows a representative photographic follow-up

Table 1 Summary of tumor loss by various factors 21 weeks after cessation of
TPA treatment in SENCAR mice"

Group1

2
34Total

no.
of papillo-

mas139

9037

43Regression

(%)22(15.8)

13(14.4)
8(21.6)
5(11.6)Total

loss ofpapillomasCoalescence20(14.4)

5 (5.6)
2 (5.4)
2 (4.7)Carcinomas5

(3.6)
3 (3.3)
3(8.1)
2 (4.7)Death34

(24.5)

1 (2.3)
" Based on macroscopic observation.

of an animal from Group 3 initiated with 0.50 ^g of DMBA.
As can be observed, these papillomas were present by Week 11
and the same three tumors remained by Week 31 with one of
them progressing to carcinoma (arrow). Interestingly, of the
few complete papilloma regressions observed among the differ
ent groups the majority (85.4%) were registered to occur in
tumors smaller than 2 mm in diameter (Table 2).

It was also observed that in 5 of the 11 animals that developed
macroscopically diagnosed carcinomas the remaining papillo
mas subsequently underwent a reduction in size. A dramatic
example of this phenomenon is shown in Fig. 3, E-G. This type
of regression did not appear to be related to promoter depend
ency but rather to the growth of the neighboring carcinoma.
Regression of benign tumors subsequent to the onset of malig
nancy in an adjacent tumor was also reported earlier by Shubik
(1). It was not within the scope of the present paper to analyze
this phenomenon occurring in some animals subsequent to the
advent of malignancy. However, the histolÃ³gica! evaluation of
some of these lesions that underwent reduction in size suggests

Fig. 3. A-D, representative photographic follow-up after cessation of promotion of a mouse from Group 3 initiated with 0.50 ^g of DMBA. (A) Week 11, (B)
Week 19, (C) Week 29, (D) Week 31. Note that none of the tumors regressed and furthermore one progressed to carcinoma (arrow). E-G, regression in papilloma
size observed in some mice after carcinoma development (arrow). (E) Week 19, (/â€¢")Week 29, (G) Week 31. The animal was initiated with l Â¿igof DMBA. H-K,

illustrative sequence of carcinoma-papilloma coalescence in a mouse from Group 1 (DMBA, 2 ng). (H) Week 11, (/) Week 19, (/) Week 29, (K) Week 31. Note how
the growth of two carcinomas (arrows) invades the area previously occupied by nine papillomas after coalescing with them. Note also that no regression is observed
after cessation of promotion at Week 10.
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Table 2 Summary of complete papilloma regressions 21 weeks after cessation of
TPA treatment

Regression of papillomas

Group1

2
34<2mmÂ°20

9
75Ã¯2

mm2

4lTotal22 13
8
5

41 (85.4)' 7(14.6)' 48
" Size estimates from analysis of 35-mm photographs and charts of individual

animals: papillomas <2 mm were those tumors not generally visible in pictures
and detected only upon palpation; >2 mm were those tumors generally visible in
photographs.

* Numbers in parentheses, percentage.
' The largest regressed tumor was approximately 5 mm in diameter.

an immunological related phenomenon.
All carcinomas arose on previously existing papillomas. All

macroscopic diagnoses of carcinomas were proven correct by
histological analysis. However, microinvasive lesions or early
carcinomas were detected in approximately 20% of papillomas
that were analyzed at random at the end of the experiment.

Tumor Coalescence. The different experimental groups were
also monitored for the coalescence of tumors since this phenom
enon could account, in part, for apparent tumor loss observed
in the absence or presence of further promoter treatment. In
the context of the present study, tumor coalescence is defined
as the fusion of two papillomas or a carcinoma and a papilloma
such that it was subsequently distinguishable to the naked eye
only as a single tumor. These results are summarized in Fig.
2B and Table 1. As expected, based on our earlier observations
(10, 11), Group 1 showed the highest percentage of coalescing
tumors (14.4% at 31 weeks), which appeared to be a function
of tumor load; i.e., the more tumors per unit area the higher
was the probability of coalescence (Group 1 versus Group 2 +
Group 3 + Group 4, significantly different, P < 0.02). The
other treatment groups had very similar numbers of coalescing
tumors (approximately 5%).

Of a total of 29 coalescing tumors observed by 31 weeks, 14
(48%) were registered macroscopically as papilloma-papilloma
fusions. Eight of those papilloma-papilloma coalescences pre
ceded the development of a carcinoma from the same tumors.
The rest of the papillomas lost by coalescence, 15 of 29, were
registered as occurring between a fully developed carcinoma
and a papilloma. Fig. 3, H-K, provides a photographic sequence
illustrating the latter. As shown, when carcinomas arose they
frequently encroached on areas that were previously occupied
by other papillomas, ultimately engulfing them.

Mortality. Survival was inversely proportional to tumor bur
den as shown previously (10). Animals were euthanized when
the clinical condition deteriorated usually when carcinomas
arose; thus at Week 31, Group 1 had the highest mortality (data
not shown) of 30%. Interestingly, 24.5% of the total number of
papillomas in Group 1 were lost as a result of this parameter
(Table 1). Such a loss was minimal in the other treatment
groups.

Analysis of Point Mutations in Ha-ras. Fig. 4 shows a repre
sentative Southern blot of restriction digests using Xba\ of
papilloma DNA hybridized with a Ha-ras specific probe (BS9).
The papillomas used for the analysis were randomly selected
from Groups 1 and 4 at the end of the experimental period. Six
of six papillomas from Group 1, and five of six tumors from
Group 4 presented polymorphism at the Ha-ras locus, showing
the specific 8- and 4-kilobase bands diagnostic of A â€”Â»T
transversion at codon 61 of the Ha-ras gene.

12kb-

8kb-

4kb-

8 9 10 11 12
Fig. 4. Southern blot analysis of DNA from SENCAR mouse skin papillomas,

digested with A7>Â«I. and hybridized with the Ha-ras specific probe BS9. Lane C,
DNA from normal mouse skin; Lanes 1-6, papillomas from Group 1 initiated
with 2 ^g of DMBA; Lanes 7-12. papillomas from Group 4 initiated with 0.25
Mgof DMBA. kb, kilobases.

DISCUSSION

The present study has characterized the kinetics of papilloma
loss and progression following cessation of TPA treatment in
groups of SENCAR mice initiated with different doses of
DMBA. The major conclusion to be drawn from these studies
is that under our current experimental conditions, papilloma
regression after discontinuation of TPA accounts for only 10-
20% of papilloma loss in SENCAR mice. This figure indicates
that a large population of TPA dependent tumors does not
exist after 10 weeks of promotion with TPA at any of the
initiator doses used in this study. Hypothetically, regression
due to TPA dependency would be expected to occur within a
few weeks after promotion is discontinued. This statement is
supported by previous results from our laboratory demonstrat
ing that epidermal proliferation (e.g., as measured by labeling
index, epidermal thickness, etc.) returned to normal within
approximately 60 days after discontinuation of protracted TPA
exposure to SENCAR mice (16). In addition, in earlier studies
of Burns et al. (4, 5), using HA/ICR mice, it was reported that
by Day 100 after the end of promotion with TPA, all but a few
of the tumors had regressed. It is also worth noting that in our
study, a great majority (85.4%) of the papillomas that did
undergo regression were not larger than ~1 mm in diameter
(Table 2). Papillomas of larger sizes seldom regressed.

As noted in the Introduction, Reddy et al. (8) reported that
80% of the papillomas induced by a DMBA-TPA initiation-
promotion protocol in BALB/cPGK heterozygous mice were
promoter dependent and regressed after cessation of promotion.
The reason(s) for the differences between our current study and
those previous reports (4, 5, 8) are not completely clear at
present. However, one obvious difference is the different mouse
strain used. SENCAR mice are much more sensitive to the
initiation-promotion regimen using DMBA-TPA compared to
BALB/cPGK heterozygous mice (8) or HA/ICR mice (4, 5). In
the initial study of Reddy et al. (8), the authors utilized a 200-
Mg DMBA initiating dose and three weekly doses of 10 //g of
TPA to produce tumors in the BALB/c mice. In a more recent
study using the same BALB/cPGK mice (9), it was reported
that all papillomas induced with low doses of DMBA were
TPA dependent and regressed when TPA promotion was ter
minated. As seen in Figs. 1 and 2A of our present study with
SENCAR mice, the group with the lowest initiation dose (0.25
Mg/mouse, Group 4) behaved very similarly to the higher dose
groups in terms of the percentage of papillomas that regressed.
Verma and Boutwell (17) previously reported results of exper
iments using CD-I mice and limited TPA treatments after
DMBA initiation. Although they observed some papilloma
disappearance in animals receiving limited promotion for 6-18
weeks, papilloma loss occurred to a much lesser extent than
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previously reported by Burns Ã©tal.(4). These data, while similar
to our findings, did not discriminate between tumors lost by
different mechanisms (17).

Another interesting conclusion to be drawn from the present
study is that coalescence of tumors is an important factor to be
considered in skin carcinogenesis studies. Coalescence of skin
tumors may have contributed to apparent tumor losses referred
to as tumor regression in previous studies especially in animals
with large tumor burdens (7, 10, 11). This process would be an
important contributor to papilloma disappearance, especially
in protocols where TPA is given continuously, thus contributing
to an underestimate of the proportion of papi 1lomas progressing
to the carcinoma stage. To date, few studies have actually
documented in a quantitative way tumor coalescence.

Molecular studies have implicated specific point mutations
in the Ha-ras gene as the putative initiating event for skin
carcinogenesis by polycyclic aromatic hydrocarbons such as
DMBA (18, 19). Recently Reddy and Fialkow (9) hypothesized
that there is a qualitative difference in initiation in epidermal
cells exposed to very low doses of DMBA relative to higher
doses. According to their hypothesis "epidermal cells exposed

to very low doses of DMBA are not at risk of developing into
malignant carcinomas with TPA promotion" (9). While we did

not follow any of the experimental groups in our present study
beyond 34 weeks, gross differences in the growth characteristics
of papillomas were not observed when comparing the 0.25-^g
versus the 2-^g dose groups up to that time point. To further
explore the hypothesis put forth by Reddy et al. (9), we analyzed
by Southern blot the presence of Ha-ras mutations in papillo
mas from Groups 1 and 4 at the end of the experimental period.
It has previously been demonstrated that when DMBA is used
as initiator, a point mutation at the second base of codon 61
(A â€”Â»T transversion) of the Ha-ras gene predominates. This
mutation is easily recognized as a new restriction site by the
enzyme Xbal (18, 19). To date studies examining point muta
tions in skin papillomas have evaluated tumors from mice
initiated with 2.56 Mg(10 nmol) DMBA or higher (18, 19). In
our study, we observed that 6 of 6 papillomas selected at random
from the highest initiation dose group (Group 1), as well as 5
of 6 papillomas from the lowest initiation dose group (Group
4), presented polymorphisms at the Ha-ras locus (see Fig. 4).
Thus, no apparent differences in terms of this putative initiation
event (Ha-ras activation) appeared to exist among papillomas
from the different initiator dose groups used in our present
study. That papillomas produced by low initiating doses in both
SENCAR mice can progress to SCC is further supported by
previous dose-response studies for DMBA initiation (20). In
these studies, a dose-response for both papilloma and carci
noma formation was observed between doses of 0.0256 and
25.6 /Hg,indicating that papillomas induced even by very low
doses of DMBA have the potential to become carcinomas in
this model system. Nevertheless, we cannot rule out the possi
bility that as yet undefined further genetic events induced by
skin tumor initiation may occur as a function of initiator dose.

The conflicting reports on the proportion of promoter de
pendent versus independent papillomas may be explained, in
part, by a genetically determined susceptibility to the promoting
agent (12). Since most of the tumors (85.4%) that regressed in
our present study were not larger than 2 mm, it is likely that
mice more resistant than SENCAR to phorbol esters will have,
in addition to fewer tumors, tumors of smaller sizes at a given
point in time following limited TPA treatments. This statement
is supported by the fact that the major difference between mouse

strains in terms of susceptibility to skin tumor initiation-pro
motion regimens lies in their responsiveness to the promoter
(reviewed in Ref. 12). In particular, mouse strains differ dra
matically in their responsiveness to TPA induced hyperplasia
and consequently for the latency of tumor development (12). In
strains and stocks of mice less sensitive to phorbol esters than
SENCAR mice, tumors arise more slowly and thus may take
longer to reach a critical size after which they may grow more
autonomously. Further work comparing papilloma growth
characteristics in different mouse stocks and strains will be
necessary to address this hypothesis.

In summary, in the present paper we have provided evidence
demonstrating that the majority (>80%) of papillomas pro
duced by initiation-promotion, using moderate-low initiating
doses of DMBA in SENCAR mice appear to be promoter
independent. The data in this report indirectly support the
previous hypothesis that a large majority of the papillomas
produced by initiation-promotion regimens in SENCAR mice
may have the potential to progress toward malignancy (21-23).
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