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Abstract

Seven mammary carcinoma cell lines were established from 7,12-dimethylbenz[a]anthracene-induced tumors developed in a
human c-Ha-ras transgenic rat. Without apoptotic stimuli, a large amount of p53 protein was detected in the C11 cell line (C11),
whereas all cell lines expressed variable levels of the assayed death receptor/ligand, bcl-2 family and p53 cascade-related genes.
The p53 gene in C11 had a mutation at codon 246, in the DNA-binding region of p53. Transcriptional activity of the mutant
protein appeared to be lower than that of the wild-type p53. Despite the presence of p53 mutation, C11 was more sensitive to
apoptosis triggered by etoposide, paclitaxel and staurosporine than the cell lines expressing wild-type p53. These data suggest
that the apoptosis induced by intracellular injury occurs via the transcriptionally impaired mutant p53 in C11.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Apoptosis can be induced by two major pathways.
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or DRS5, respectively [1]. The intrinsic pathway is
initiated by intracellular injury such as DNA damage,
which induces caspase activation via the Bcl-2 gene
family [2,3]. Many physical and chemical DNA-
damaging agents used in cancer therapy are potent
activators of the tumor suppressor p53. Activation of
P53 results in the expression of a number of genes that
are involved in both major apoptotic pathways,
including genes encoding pro-apoptotic members of
the Bcl-2 family [4,5] and death receptors [6,7]. Thus,
p53 plays roles in both the intrinsic and extrinsic
apoptotic pathways.

The p53 tumor suppressor is mutated in over 50%
of human cancers. The majority of these gene
alterations are missense mutations, which often
cause single-residue changes in the conserved DNA-
binding core domain (residues 102-292 in human
pS3) of the protein [8]. Some common mutations in
the DNA-binding domain lead to loss of the
transcription- and apoptosis-inducing activity of
p53. On the other hand, some transcriptionally
inactive forms of p53 have been shown to mediate
apoptosis via a transcription-independent mechanism
[9-12]. Most recently, p53 has been shown to activate
the pro-apoptotic protein Bax via binding to the anti-
apoptotic proteins Bcl-XL and Bcl-2, resulting in
mitochondrial membrane permeabilization and induc-
tion of apoptosis without target gene expression
[13,14].

We have generated a rat strain that carries the
human c¢-Ha-ras protooncogene and exhibits
increased susceptibility to chemical carcinogens that
target the mammary gland, urinary bladder and skin
[15-17]. All of these transgenic (Tg) rats develop pre-
neoplastic mammary lesions within 20 days after
injection of N-methyl-N-nitrosourea (MNU) [18], and
mammary carcinomas appear within 8 weeks after
treatment with a variety of chemical carcinogens
including MNU and 7,12-dimethylbenz[a]anthracene
(DMBA) [15,19]. Interestingly, these carcinomas
contain activating mutations preferentially in the
human transgene [15]. These Tg rats also spon-
taneously develop alveolar hyperplasia and adenocar-
cinomas. Elevated expression of the c-Ha-ras
protooncogene, rather than mutations in this gene,
appears to be sufficient to cause a highly proliferative
phenotype of mammary alveoli [20]. On the other
hand, mammary tumorigenesis in these Tg rats is

suppressed by pregnancy (T. Hamaguchi, unpublished
data) and soy isoflavones [18].

In the present study, we established and character-
ized seven cell lines isolated from mammary tumors
developed in a Tg rat. The p53 tumor suppressor gene
was mutated in only one cell line (C11), whereas the
human (but not rat) Ha-ras genes were mutated in all
seven cell lines. C11 cells, which overexpress the
mutant p53 with a single amino acid substitution in
the DNA-binding domain, were more sensitive to
apoptosis triggered by DNA-damage than the other
cell lines, which had wild-type p53. The mutant p53
may induce apoptosis in a transcription-independent
manner in C11 cells.

2. Materials and methods

2.1. Establishment of carcinoma cell lines
from DMBA-induced mammary tumors in a Tg rat
and culture

Mammary carcinoma cells were isolated and
cultured according to the method described by
Hallowes et al. [21] with minor modifications. Briefly,
1.5 g of mammary tumor tissue was minced and
incubated in 20 ml of 199 medium (Gibco/BRL,
Grand Island, NY) containing 0.2% (300 u/ml)
collagenase type I (Gibco/BRL, Grand Island, NY),
0.1% (460 u/ml) hyaluronidase (Gibco/BRL, Grand
Island, NY) and 5% fetal calf serum (FCS) for 2 h at
37 °C. Dissociated cells were pelleted at 200 rpm for
5 min, resuspended in 20 ml of 199 medium, and
sequentially passed through 500 um and 70 pm filters
(Becton Dickinson, Franklin Lakes, NJ) to remove
large clumps. The filtrate was then poured over a
40 pm filter to collect the cell pellet by trapping it on
the filter surface. Cells were incubated to induce
attachment to culture dishes for 2 h in DMEM/F12
containing 5% FCS, 5 pg/ml insulin (Gibco/BRL,
Grand Island, NY), 0.5 pg/ml hydrocortisone (Sigma,
St Louis, MO) and 0.1 pg/ml progesterone (Sigma,
St Louis, MO). The unattached epithelial cells were
re-plated onto new dishes and incubated in the same
medium. After establishment of cell lines derived
from the single colonies by limiting dilution, another
round of limiting dilution was performed to obtain
the individual cell lines (C1, C2, C3, C6, Cl11, C15
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