
"

MOLECULAR CARCINOGENESIS 9: 175-183 (1994)

Infrequent p53 Mutations in 7,12
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Health, Research Triangle Park, North Carolina (CC, RWW)

We conducted experiments to determine if p53 alterations, which are frequent in human breast cancers,
were also common in murine mammary tumors. In 13 mammary tumors from 7,12-dimethylbenz[a]anthracene
(DMBA)-treated BALB/c mice were immunohistochemically analyzed for overexpression of p53; p53 protein
was not detectable. Three of the tumors were established as cell lines in vitro. p53 protein was rarely detected
at passage 4 in these lines but was overexpressed by passage 8 in two of them. The p53 nucleotide sequence
was shown to be wild type in one primary mammary tumor and in the two p53-overexpressing cell lines. One
cell line that overexpressed p53 in vitro was implanted into BALB/c mice. The resulting tumors retained the
wild-type p53 nucleotide sequence but no longer expressed detectable levels of p53 protein, suggesting that
the overexpression of wild-type p53 was related to in vitro culture conditions. The effect of DMBA on mam

mary-tumor development was also tested in mice rendered hemizygous for p53. These mice and wild-type
littermate controls had no differences in susceptibility to induction of mammary tumors by oral administration
of DMBA. Furthermore, Southern blot hybridizations detected no gross alterations in the wild-type p53 allele
in mammary tumors from the p53-deficient mice. Point mutation of the wild-type p53 allele was also infre
quent in the DMBA-induced mammary tumors from hemizygous p53 mice; it occurred in only one of seven
tumors. Thus, the p53 gene is apparently not a primary target for genetic alterations in DMBA-induced mam
mary tumors. Next, we examined mammary tumors derived from D1 and D2 transplantable hyperplastic alveo
lar nodule (HAN) outgrowths, which rapidly form tumors containing Ha-ras mutations after DMBA treatment.
As ras and p53 mutants can cooperate in transformation, we examined whether D1 and D2 HAN outgrowths
have p53 mutations. Unlike in the DMBA-induced primary mammary tumors, nuclear p53 accumulation was
observed frequently (10 of 14) in tumors that arose from D1 and D2 HAN outgrowths. Direct sequencing ofthe
entire coding region of the p53 cDNA from six D1 and D2 tumors confirmed that the sequence was wild
type. Although wild-type p53 was retained in both DMBA-induced mammary tumors and mammary tu
mors derived from D1 and D2 preneoplastic outgrowths, wild-type p53 overexpression was detected
only in D1 and D2 tumors. Therefore, D1 and D2 tumors appear to arise by a pathway in which p53
expression is altered, whereas DMBA induction affects a different pathway that does not require such
alteration. ©1994 Wiley-Liss,Inc.
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INTRODUCTION

Breast-cancer development involves the accumula
tion of multiple genetic lesions, including loss of tu
mor suppressor genes and mutations that activate
proto-oncogenes [1]. Of these, mutation of the p53
tumor suppressor gene is the most frequently observed
genetic lesion in human breast cancers. Mutations
within regions of p53 that are highly conserved among
species generally result in overexpression of the pro

tein [2] and have been associated with increased malig
nancy of breast cancers [3-5]. Accumulation of p53
protein has also been observed in early breast lesions,

ductal carcinoma in situ [61, and benign breast lesions
[7]. These observations indicate that alteration of p53
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protein expression is a significant event leading to
breast tumors.

Breast cancers in humans are thought to develop via
morphologically distinct preneoplastic lesions [8,9]; how
ever, the morphology and biological behavior of
preneoplastic hyperplastic alveolar nodules (HANs) have

been clearly demonstrated only in mouse models [10,11].

1 Correspondingauthor:Departmentof CellBiology,BaylorCol
legeof Medicine,OneBaylorPlaza,Houston,TX 77030.

Abbreviations:HAN,hyperplasticalveolarnodule;DMBA,7,12
dimethylbenz[a]anthracene;IHe, immunohistochemicalanalysis;
SSCP, single-strandconformationpolymorphism;PCR, polymerase
chainreaction.
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7, 12-Dimethylbenz[a]anthracene (DMBA) treatment and
continuous hormonal stimulation induce increased num

bers of preneoplastic HANs in the mammary gland, as
well as frequent tumors [12,13], but the molecular le

sions have not been identified. Preneoplastic mammary
lesions induced in BALB/c mice by either DMBA treatment
or endocrine stimulation do not generally contain acti

vred proto-oncogenes detectable by DNA transfer[L4-16], suggesting that the loss of tumor suppressor
genes may be a primary event. As in human breast can-

~I rs, loss of function of the p53 tumor suppressor gene
ay be a prominent event in murine mammary tumori

enesis. We demonstrated recently that mutations inp53

were associated with preneoplastic outgrowths derived
from mammary epithelial cells cultured in vitro [17], indi
cating that p53 mutation was indeed an early event in
these instances. In the study presented here, we extended
this analysis to examine whether p53 mutations are
present in two murine mammary tumor model systems:
mammary tumors induced by DMBA and mammary tu
mors derived from two transplantable preneoplastic out
growth lines (D1 and D2) [18].

MATERIALS AND METHODS

Mice, Tissues, and Tumors

Three groups of mammary tumors were examined. In
the first group, each BALB/c mouse was implanted with a
single pituitary isograft under the kidney capsule at 5 wk
of age, and then was treated with DMBA (1 .0 mg/wk for
6 wk) between 8 and 13 wk of age. DMBA was dissolved
in cottonseed oil and delivered per os by gavage [12].
Mammary tumors developed between 3 and 7 mo after
treatment. These tumors were evaluated for p53 expres
sion by immunohistochemical analysis (IHC). Monolayer
cell cultures were established from three of the mam

mary tumors, and the cultured tumor cells were analyzed
for p53 expression by IHe.

In the second group, mice rendered hemizygous for
p53 by homologous recombination in embryonic stem cells
[19] were treated with DMBA as described above to de
termine whether the presence of a single wild-type p53
allele would increase the susceptibility of the mammary
gland to DMBA-induced tumorigenesis. Homozygous wild
type p53 littermates were used as controls. Nullizygous
mice were not used in these experiments because DMBA
treatment of nullizygous p53 mice had little effect on
overall tumor development. reducing the mean period of
tumor appearance by only 2 wk (unpublished observa
tions). The nullizygous mice developed lymphomas and
other tumors by 16-24 wk of age [19], potentially ob
scuring specific effects of DMBA treatment on mammary
tumorigenesis.

In the third group, mice bearing the D1 or D2 HAN
outgrowth lines developed tumors 4 to 8 mo after trans
plantation of outgrowths [20]. These HAN outgrowths
and derivative tumors provided tissue for evaluating p53
status by IHe. p53 cDNA sequences were determined
in representative tumors.

IHe

Tissues were excised, placed in 10% neutral buffered

formalin for 6 h, rinsed with tap water, and placed in
70% ethanol until processed. The tissues were embed

ded in paraffin, 5-jJm-thick sections were placed on Probe
On Plus slides (Fisher Scientific, Houston, TX), and the

sections were processed for IHC by the capillary gap
method [17,21]. The sections were incubated for 15 min

with CM5 antiserum (a gift of David Lane, University of
Dundee, Dundee, Scotland) diluted 1:100. This antiserum

was produced essentially as described by Midgley et al.
[22], except that the antigen was murine p53 expressed

in bacteria. Specific immune complexes were detected by
the avidin-biotin complex method [23] using Vectastain
kits (Vector Laboratories, Burlingame, CA), with incuba
tion times for secondary antibody and avidin-biotin com
plex of 12 min each. Immune complexes were visualized
using diaminobenzidine and were counterstained with 1%
methyl green [17].

Tissue Culture of Tumors

Three mammary tumors from BALB/c mice were dis

persed with collagenase and grown in collagen as de
scribed previously [24]. The cells were recovered from

collagen and were serially passaged in uncoated plastic
tissue-culture flasks. The cells were seeded onto glass cov
erslips at passages 4, 6, 8, 10, and 12. The cells were
fixed in methanol and then processed for IHC with CM5
antiserum as described previously [17].

Single-Strand Conformation Polymorphism Analysis
of p53 in DMBA-Induced Mammary Tumors

Single-strand conformation polymorphism (SSCP)analy
sis was conducted as follows: DNA was first extracted

from mammary tumors by phenol/chloroform extraction.

Approximately 0.2 IJg of DNA was then amplified by the
polymerase chain reaction (PCR)in a 20-IJL volume of re
action buffer containing 0.2 IJM of each primer (sense
and antisense); 200 IJM dNTPs; 0.2 IJLPerfect Match En
hancer (Stratagene Inc., La Jolla, CA); 50 mM KCI; 10
mM Tris-HCI, pH 8.3; and 1 U of Taq polymerase (Perkin
Elmer Cetus, Norwalk, CT or Promega Corp., Madison,
WI). The primers for exons 5-8 were designed so that
annealing and extension reactions could both be per
formed at 70°e. The sequence of the primers and the
MgCI2 concentrations for each set were as described

by Hegi et al. [25]. The PCR products were labeled by
adding 1 IJCi of [a-32P]dATP and reducing the concen
tration of unlabeled dNTPs to 20 jJM in the reactions.
Two microliters of each reaction was diluted in 50 IJL

0.1 % sodium dodecyl sulfate and 10 mM EDTA. Be
fore loading, the diluted samples were mixed with
equal amounts of stop solution (95% formam ide,
0.05% bromophenol blue, 0.5% xylene cyanol FF,and
20 mM EDTA), boiled for 5 min, and then rapidly
cooled on ice. The samples were then analyzed on 5%
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polyacrylamide gels at 4°C and at room temperature
with and without 10% glycerol.

Sequencing of RNA-PCR Product

Mammary tumors were carefully dissected to remove
stromal tissue. The resulting tumor tissue was shown pre
viously to be sufficiently homogeneous to allow identifi
cation of p53 mutations by direct sequencing [17]. Briefly,
RNA was isolated from tumors or tumor cells grown in
vitro using RNAzolB (Cinna/Biotecx Laboratories, Hous
ton, TX). Total RNA (1 ~g) was reverse transcribed, and
then the p53 cDNA was amplified by PCR. Oligo(dT)'6
was used to prime the reverse-transcription reaction The
reagents for RNA-PCRwere purchased from Perkin-Elmer
Cetus. The entire coding region of murine p53 was am
plified in two fragments (nucleotides 43-1004 and
491-1409). Biotinylated primers were synthesized by the
Institute for Molecular Genetics (Baylor College of Medi
cine, Houston, TX). The coding strand was captured with
Dynabeads M280 Streptavidin (Dynal Inc., Great Neck,
NY). The method used for direct sequencing as well as
the primers used for RNA-PCRand sequencing, have been
detailed elsewhere [17,26]. Each 1OO-~LPCRreaction was
sufficient for two sequencing reactions. The coding strand
was sequenced by the dideoxy chain termination method
[27] using Sequenase version 2.0 (United States Biochemi
cals Corp., Cleveland, OH). Nucleotide sequences were
compared with wild-type murine p53 cDNA [28] using
SAM, a software package for sequence assembly manage
ment for UNIX systems (Lawrence CB, Shalom TY, Honda
S, Molecular Biology Computational Resource,Department
of Cell Biology, Baylor College of Medicine, 1989)

RESULTS

p53 in DMBA-Induced Mammary Tumors From
BALB/c Mice

To ascertain whether DMBA treatment of BALB/c mice

can induce mutations in p53 that result in overexpression
of the protein, we analyzed 13 DMBA-induced mammary
tumors by IHe. None of these tumors stained positively
for p53 (Table 1), indicating either that wild-type levels of
p53 were being expressed or that mutations were present
that cause loss of protein expression (i.e., frameshift mu
tations or deletions). The nucleotide sequence of exons
5-8 was determined for one representative tumor
(MT2967) and was found to be wild type.

Cell lines were established from three of the DMBA

induced tumors, and cultured cells were analyzed for p53
expression by IHC at passages 4-12. As in the tumor tis
sues, p53 protein was detected only in occasional cells in
the mammary tumor cell lines at passage 4. One cell line
(MT2919) remained negative for overexpression of p53
protein at passage 8; however, p53 was detected by IHC
in two of the cell lines at the same passage (Table 1).
Specific nuclear staining was detected by IHC in 10-20%
of the cells of the cell line MT3036, whereas nuclear stain
ing of b53 protein was detected in greater than 75% of
the ceilisof cell line MT2994 (Figure 1).

The meaning of this accumulation of p53 was investi-

gated further using the MT2994 cell line. In brief, cells at
passage 9 were implanted into BALB/c mice, and tumors
arose within 6 wk. Although expression of p53 protein
was easily detected in MT2994 cells grown in vitro, the
secondary tumor was completely negative for p53 by IHC.
Furthermore, the accumulation of p53 in MT2994 cells
during culture in vitro was not related to spontaneous
mutation of p53, as only wild-type p53 nucleotide se
quences were detected in both the cell line and the sec
ondary tumor (Table 1). The fixation procedure cannot
have produced the difference in p53 immunoreactivity
since overexpression was not observed in cells in vitro at
early passages. Furthermore, since the method used for
IHC of tissue sections was sensitive enough to detect en
hanced expression of wild-type p53 in other tumors [17]
(see Figure 2), we had no reason to believe it would not

be so for the tumors we studied here. These results sug
gested that overexpression of wild-type p53 was acquired
during culture of the mammary epithelial cells in vitro.

p53 in DMBA-Induced Mammary Tumors From p53
Deficient Mice

The apparent absence of p53 mutations in BALB/c
mammary tumors induced by DMBA indicated that at least
one wild-type p53 allele had been retained in these tu
mors. However, this result did not preclude the possibility
that mutations in one p53 allele were present but ob
scured by the remaining wild-type allele. To investigate
whether loss of a single p53 allele can be a significant
event in carcinogen-mediated mammary tumorigenesis,
mice hemizygous for p53 [19] were treated with DMBA.
Potential differences in susceptibility to DMBA-induced
mammary tumors due to loss of one p53 allele were ana
lyzed by comparing tumor incidence inp53-deficient mice
and their wild-type littermates (Table 2). Hormonal stimu
lation alone, due to the presence of pituitary isografts,
had no effect on tumor incidence. DMBA treatment of

mice bearing pituitary isografts resulted in predominantly
mammary tumors. However, the incidences of mammary
tumors in hemizygous p53 mice and their wild-type litter
mates in response to DMBA treatment were not statisti
cally different (40% vs. 35%, respectively). The mean
tumor latency periods were also comparable between the
two groups. There were no differences between the
two groups in the incidence of other types of tumors
(Table 2).

Southern blot analysis revealed no evidence for loss of
the wild-type allele in the mammary tumors that arose in

the hemizygous p53 mice (data not shown). SSCPanaly
sis of p53 exons 5-8 identified a mutation in only one of
seven mammary tumors analyzed (Figure 3). Direct se
quence analysis revealed that this tumor contained an
A-tG transition at the second position of codon 236, a
mutation that results in a nonconservative substitution of

serine for asparagine. (Mutation of the homologous codon
in human tumors has been reported previously [29].) As
genetic hemizygosity at the p53 locus did not confer in

creased susceptibility to DMBA-induced mammary tu
mors, it appears that the p53 gene is not a common



178

Tumors and cell lines

OMBA-induced primary tumors'
MT2967

DMBA tumor celilines*

MT2919 (p8)
MB036 (p8)
MT2994 (p8)
MT2994 (p9) tumor in vivo

D1 outgrowths§
Tumor 2-7-90
Tumor 253
Tumor 2366
Tumor 3082R
Tumor 3083R
Tumor 3083L
Tumor 3889R
Tumor 3892L

Total

D2 outgrowths§
Tumor 2635
Tumor 2783R
Tumor 2785R
Tumor 3148
Tumor 3149
Tumor 3152
Tumor 3153

Tumor 3821

Total

TM4 outgrowths
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Table 1. p53 Status in BALB/c Mammary Tumors

IHC*

0/13

1+
4+

ND
ND
3+
2+
4+
4+
4+
2+

6/6

2+
4+
2+
4+

4/8

4/4

Nucleotide sequence

(% coding region sequenced)t

wild type (31 %)

ND

wild type (31 %)

wild type (31 %)
wild type (31 %)

wild type (78%)
wild type (58%)
ND
ND

wild type (100%)
ND

ND
ND

ND

ND
ND

wild type (100%)
ND

wild type (96%)
wild type (100%)
ND

mutant

*Samples were scored as positive if 5% or more of the cells in a sample reacted with the pS3-specific antibody eMS. ND, not determined. The
fractions indicate the number of tumors containing p53 protein detectable by IHC divided by the total number of tumors tested. The relative
intensity of IHCstaining is indicated for each tumor by an arbitrary scaleof 1+ (weak) to 4+ (strong). Tumors that did not expressdetectable levels
of pS3 protein are indicated by a minus sign (-).
tOnly exons 5-8 of the p53 cDNAs from DMBA-induced BALB/c mammary tumors were sequenced. Complete nucleotide sequences were
obtained for at least one D1 and one D2 tumor that overexpressed pS3 as determined by IHe. Additional tumors were sequenced across exons
4-9 which contain conserved regions II-V. ND, not determined.
'Induced by DMBA per os as described by Medina [12]. The p53 nucleotide sequence of conserved regions II-V was determined for only one of
13 DMBA-induced primary mammary tumors. The IHC and nucleotide sequence results are shown for each of the cell lines established from
primary DMBA-induced tumors and one secondary mammary tumor derived from MT2994 cells transplanted to cleared mammary fat pads.
§Thesetransplantable HAN outgrowth lineswere derived by Medina and DeOme [42] from murine hyperplasiasinduced by hormonal stimulation.
The tissues analyzed were from transplant generations 105 or 106 for D1 and 113-115 for D2.

target of the mutagenic effects of DMBA in mammary

tumorigenesis.

p53 in Mammary Tumors From Preneoplastic HAN
Outgrowth Lines

D1 and D2 transplants produce preneoplastic HAN out

growths in situ and give rise to a significant number of
tumors. Indeed, in our study, the tumor incidence for the

transplant generations analyzed was 11.8% at 10 mo for

the 01 outgrowth line and 44% at 9 mo for the 02 out

growth line. Overexpression of p53 was observed by IHC
in both 01 and 02 tumors but was more variable in 02

tumors (Table 1). Nuclear accumulation of p53 protein
was detected in all six of the 01 tumors analyzed but in

only 50% (4 of 8) of 02 tumors.

Accumulation of p53 protein in the 01 and 02 tumors

may have resulted from spontaneous mutation of p53 dur

ing progression from normal to neoplastic states. Conversely,

the lack of detectable immunoreactive p53 in some 02 tu

mors may reflect wild-type levels of p53 protein. To test

these possibilities, we determined the complete p53 cDNA

nucleotide sequence of one 01 tumor and of two 02 tu

mors (Table 1), and partial sequences were determined for

three additional D1 and D2 tumors (covering 58%, 78%,

and 96%, respectively, of the p53 coding region). In all

instances, only wild-type p53 sequences were detected

(Table 1). Thus, 01 and 02 tumors retained the wild-type

p53 nucleotide sequence yet overexpressed the wild-type

p53 protein (Figure 2).
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Figure 1. Expression of p53 protein in the cell line derived from mammary tumor MT2994, which was
induced in BALBlc mice by DMBA. The cells were stained with polyclonal antiserum (eM5) raised against
murine p53. Expression of p53 protein was localized primarily to nuclei of cells. More than 75% of MT2994
cells were positive at passage 8. Typical positive cells are indicated with solid arrowheads, whereas nega
tive cells are indicated with open arrows. Magnification, 100x.
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DISCUSSION

The chemical carcinogen DMBA induces preneoplastic
HANs and tumors in the mammary gland of the BALB/c
mouse [12,13]. Continuous hormonal stimulation also

induces preneoplastic HANs [30]. These different induc
tion protocols therefore result in seemingly identical
preneoplastic intermediates (i.e., HANs), suggesting that
alteration of a common pathway may lead to this classof
preneoplastic lesions. The molecular defect responsible
for the development of preneoplastic lesions is unknown,
but loss of tumor suppressor function isan attractive can
didate. Recently, the p53 tumor suppressor gene was
shown to be mutated frequently in transplantable HAN
outgrowths and tumors derived from mammary epithe
lial cells cultured in vitro [17]. Therefore, it was important
to establish whether p53 was a common target for muta
tion in murine mammary tumorigenesis and whether the
molecular lesions differed among murine mammary tu
mors induced by different methods. Such studies make it
possible to enumerate the pathways that are altered in
mammary tumors.

As chemical carcinogens are able to cause characteris
tic mutations in p53 [31-34]. we sought to determine
whether p53 mutations playa role in DMBA-induced
murine mammary tumorigenesis. Analysis of DMBA-in
duced tumors from BALB/c mice failed to detect

overexpression of p53 by IHC, suggesting that p53 had
not been mutated (Table 1). Cell lines derived from three
DMBA-induced mammary tumors also failed to express lev
els of p53 detectable by IHC at early passages; however,
overexpression of p53 was apparent by passage 8. This
suggested that the p53 gene remained intact (wild type) in
the primary mammary tumors; this was confirmed by se
quencing exons 5-8 spanning the conserved regions II-V.

The acquisition of detectable levels of p53 upon in vitro
culture suggested that the p53 gene had acquired muta

tions, as has been observed in other murine mammary
epithelial cell lines [35] and in cell lines derived from other

rodent tissues and tumors [36]. The propensity for the
emergence of alterations in p53 during in vitro culture
appears to be strain dependent in mice [37], but it is not
an essential consequence of in vitro culture, as evidenced
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Figure 2. Expression of p53 protein detected by IHe in D1 tumor 3083R. Immunoreactive p53 was
restricted to the nucleus of the tumor cells. The p53 protein detected in this tumor was shown to be wild
type by determining the nucleotide sequence of the entire coding region of p53 mRNA extracted from
this tumor. Magnification, 100x.

by the FSK7 mouse mammary epithelial cell line main
taining expression of wild-type p53 even at passage 30 in
vitro [38] (unpublished observations). We found only the
wild-type p53 nucleotide sequence in the two mammary
tumor cell lines that expressed detectable levels of p53.
The p53 sequence in a secondary tumor was likewise wild
type, but nuclear protein accumulation was no longer
detected. Loss of p53 overexpression has also been ob
served in murine mammary epithelial celis grown astrans
plants in situ [17]. Therefore, overexpression of wild-type
p53 was related to in vitro culture conditions. This effect

of in vitro culture on the expression of p53 has also been
observed in human mammary epithelial cells but not in
human mammary fibroblasts [39,40].

Mice that have only a single wild-type p53 allele were
also treated with DMBA to determine if p53 hemizygosity
would increase the incidence of tumor development. Al
though the mice in these experiments would be expected
to have a relatively low incidence of spontaneous mam

mary tumors because of their primarily C57BU6 genetic
background, they would also be expected to be suscep
tible to DMBA induction of mammary tumors [12]. Unex-

+

+
++

+

Table 2. DMBA Induction of Mammary Tumors in p53 Hemizygous Mice

Presenceof No. of tumor-bearing mice/no. of total mice (%)

pituitary Mean latency
isograft Mammary Other* Totalt (mo)*

W8 om W8 N~
0/6 0/6 0/6 NAil

12/30 (40%) 13/30 (43%) 18/30 (60%) 4.611

7/20 (35%) 9/20 (45%) 14/20 (70%) 5.011

DMBA
treatment

p53
genotype

+/-
+/-
+/-

+/+

*Other tumor types were lymphomas, ovarian tumors, and gastric adenocarcinomas.
tNumber of tumor-bearing mice in a test group does not necessarilyequal the sum of previous two columns becausesome of the mice had both
mammary tumors and other types of tumors.
'Tumor latency was reported only for mammary tumors. NA, not applicable because no tumors developed during the experimental period.
§Mice without tumors were killed at 10 mo of age.
IIMicewithout tumors were killed at 8 mo of age.
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Figure 3. SSCPanalysis of p53 point mutations in mammary
tumors fromp53 hemizygous mice. Exon 7 ofthe genomic DNA
was amplified and labeled by PCR. The products were sepa
rated on polyacrylamide gels without glycerol as described in
Materials and Methods. DNAs of mammary tumors from hem
izygous mice were loaded in lanes 2-7 and 9. The undenatured
PCRproduct from the tumor was loaded in lane 1. Control tu-

pectedly, however, p53 hemizygosity did not alter the
incidence or latency of OMBA-induced mammary tumors
in these mice compared with their wild-type littermates.
Analysis of mammary tumors from the p53-hemizygous
mice by SSCPand DNA sequencing confirmed that the
p53 nucleotide sequence was wild type in six of seven
tumors. Together, these observations demonstrate that
the p53 gene is not a frequent mutagenic target of OMBA
in mammary tissue. It remains possible, however, that
OMBA acted on genes downstream in the p53 pathway,
e.g., GADD45 [41], to effectively subvert p53 function
without directly mutating the gene.

Because mutagenic targets of OMBA can be quite spe
cific, it was of interest to analyze the p53 status in mam
mary tumors induced by an independent method. Thus,
we established D1 and D2 HAN outgrowth lines from
preneoplastic murine mammary lesions that were hormon
ally induced [42]. These HAN outgrowths have been main
tained by serial transplantation into cleared mammary
fat-pads since 1966 and have never been exposed to the
rigors of tissue culture. Although 01 HAN outgrowths are
apparently free from ras mutations [14], mammary tu
mors bearing ras mutations have been shown to develop
frequently after OMBA treatment of mice bearing 01 HAN
outgrowths [14-16]. One plausible explanation for these
observations was that these preneoplasias were initiated
by loss of a tumor suppressor gene that could cooperate

mor DNAs were also included: lane 8, mammary tumor from a
wild-type mouse; lane 10, tail DNA from a transgenic mouse
with a p53 transgene containing a point mutation causing a
valine substitution in codon 135. The band shift observed in
lane 7 was shown by DNA sequence analysis to result from an
A--7G transition at nucleotide 864 (data not shown). 55, single
stranded DNA; DS, double-stranded DNA.

with subsequent mutations in ras genes to form overt
mammary tumors. As mutant alleles of the tumor
suppressor p53 can cooperate with activated ras [43,44],

we speculated that the 01 and 02 HAN outgrowths bear
preexisting mutations in p53. Indeed, altered expression
of p53 protein was observed in tumors from the D1 and
02 outgrowth lines (Table 1). Also, nuclear accumulation

of p53 was detected by IHe in all of the 01 tumors (Fig
ure 2), indicative of a lesion in p53 expression that was
homogeneous among the 01 tumors. The 02 tumors were
less consistent, with only four of eight expressing detect
able levels of p53 protein. However, direct sequencing of
the complete coding region of p53 transcripts from D1
and 02 mammary tumors revealed that only wild-type
p53 was expressed in both the 01 and 02 tumors. There

fore, wild-type p53 was retained in these outgrowth
lines even though they had been maintained by serial
transplantation for more than 100 transplant genera
tions over 25 yr.

These data suggest that the p53 tumor suppressor path
way is impaired in the 01 and 02 tumors because
overexpression of exogenous wild-type p53 is lethal to
most cell types [45-47]. Overexpression of wild-type p53
has a/so been observed in tumors derived from the mouse

TM9 preneoplastic outgrowth line [17]. These results are
not unique to murine mammary tumors. Human breast
cancers frequently contain elevated levels of p53 protein
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detectable by tHC but lack mutations in the p53 gene (63

of 176 breast tumors examined [48]). In patients with

breast carcinomas that overexpress wild-type pS3, the S

phase fraction increased and survival decreased. In the
case of MCF-7 human breast cancer cell line, which is

tumorigenic and overexpresses wild-type p53 [49], intro

ducing additional wild-type p53 into MCF-7 cells by means

of expression vectors failed to affect tumorigenicity [45].

Therefore, cellular mechanisms that compromise the tu

mor suppressor activity of wild-type pS3 appear to be

present within human and murine mammary tumor cells.
The observation that mouse prostate cancer cells tolerate

high levels of wild-type p53 after introduction of myc and

activated ras genes suggests one mechanism by which

the activity of wild-type p53 can be abrogated [SO]. It
should be noted, however, that D1 tumors do not gener

ally express elevated levels of Ha-ras or c-myc [18]. Accu

mulation of wild-type p53 has also been detected in some

familial cancer syndromes [S1] and in certain types of

breast cancer [52,53]. Although the tumor suppressor

activity of pS3 appears to be compromised in D1 and D2

outgrowth lines, it is important to note that the modest
number of tumors developing from D1 outgrowths

(11.8% by 10 mol suggests that partial activity may be
retained.

These data demonstrate that direct mutation of p53

was not a frequent event in the development of mam

mary tumors induced by DMBA treatment or in the D1

and D2 HAN outgrowth lines. However, the data do not

exclude the possibility that genetic lesions affecting regu

latory events in the signaling pathway of p53 action can

effectively block its tumor suppressor function. mdm2, a

known dominant suppressor of p53 function [54,55], is

one such potential target. Similarly, the p53 response to

gamma radiation is compromised in ataxia telangiectasia

patients and results in a disproportionate increase in risk

of cancer [41,56]. Therefore, it will be important to de

termine whether the p53 signaling pathway or another

distinct tumorigenic pathway is functioning in murine

mammary tumors induced by DMBA and whether the

regulatory signals that allow accumulation of wild-type

p53 under in vitro conditions also contribute to

dysregulation of p53 function.
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