
&p.1:Abstract Mutations of the p53 gene appear to be one of
the most common abnormalities in human cancer. Al-
though many studies have been published about p53 al-
terations in breast cancer, data on molecular biological
detection of p53 mutations in in situ lesions are still rare,
and the implications for breast cancerogenesis are un-
clear. Tissue samples from 83 patients with different
stages of breast cancer and from 13 patients with benign
breast lesions were screened for p53 gene mutations by
polymerase chain reaction (PCR) followed by tempera-
ture-gradient gel electrophoresis (TGGE). p53 protein
accumulation was analysed by immunohistochemistry
(IHC). Samples were gained from fresh-frozen tissue,
scrapings, or paraffin embedded tissue. Additionally, 23
pairs of primary tumours and corresponding lymph
nodes were examined. p53 gene aberrations were found
in 55.7% of the infiltrating carcinomas, in 31.5% of the
ductal carcinomas in situ (DCIS) and in one atypical
ductal hyperplasia. A positive correlation was seen with
high-grade tumours and with comedo. There was no sta-
tistically significant relationship with respect to age,
menopausal status, tumour size, hormone receptor status
or lymphatic invasion. Concordance between TGGE and
IHC was seen in only 63% of the cases analysed. How-
ever, with regard to p53 mutation screening by TGGE, a
high significance (P = 0.0008) was seen between stan-
dard tissue extraction and our scrape preparation tech-
nique. Among 8 pairs of primary tumours and their cor-
responding lymph node metastases, only 3 harbored
identical p53 mutations in the same exon, while in 5

cases with mutant p53 in the primaries, no mutation was
seen in the lymph node. Our data indicate that p53 muta-
tions are frequent in breast tumours associated with unfa-
vorable prognosis, including high-grade or the comedo
histotype. There is evidence that p53 gene alterations oc-
cur early in breast cancerogenesis, as mutations were de-
tected not only in in situ carcinomas but also in atypical
ductal hyperplasia.
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Introduction

Alterations of the p53 gene are probably the most com-
mon genetic abnormalities in human malignancies, in-
cluding breast cancer [18]. There is evidence of an im-
portant role for p53 protein in gene transcription, DNA
repair and induction of apoptosis [24, 25]. Wild-type p53
binds in a sequence-specific manner to double-stranded
DNA [22]. Several genes, including mdm2 or p21, are
known to be regulated by p53. p53 levels rise in response
to DNA damage and lead to p21-mediated G1 arrest in
the cell cycle [13, 21]. This transient interruption of rep-
lication gives time to repair DNA prior to duplication or
may lead to programmed cell death [38]. Mutations of
the p53 gene lead to conformational change of the pro-
tein and often loss of DNA binding activity. In some
cases mutant protein acts in a dominant-negative fashion,
forming inactive hetero-oligomers with wild-type p53
[28]. The majority of point mutations (93%) occur be-
tween amino acid residues 120 and 290 in the DNA
binding domain corresponding to the exons 5–8 of the
p53 gene [7].

From the viewpoint of the clinical course, the pheno-
type and the genotype, breast cancer is a heterogeneous
disease. The incidence of p53 overexpression in breast
cancer ranges from 13% to 62% [5, 10] and appears to
be generally higher than the incidence detected by mole-
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Table 1 Histological classification and p53 analysis by TGGE and immunohistochemistry (TGGEtemperature-gradient gel electrophoresis)&/tbl.c:&tbl.b:

Histological diagnosis TGGE IHC

Analysed Positive Tissue extraction Analysed Positive
cases cases cases cases

Exon 5 Exon 6 Exon 7 Exon 8

Normal breast and benign lesions
Fibroadenoma 5 0 4 0
Lipoma 1 0 1 0
Fibrocystic disease 7 1 1 7 0

In situ carcinoma
Comedo 15 5 2 3 2 15 6
Noncomedo 4 1 1 4 1

Invasive carcinoma
Ductal 32 12 1 5 6 1 31 14
Comedo 17 12 3 2 4 5 17 8
Lobular 8 2 2 1 6 1
Mucinous 1 0 1 0
Medullary 1 1 1 1 0
Other 2 1 1 1 2 1

In breast recurrence 3 2 2 1 3 1

&/tbl.b:

cular techniques. Previous data indicate that p53 muta-
tion could be an early event in mammary tumour evolu-
tion, as p53 overexpression has also been reported in
some in situ carcinomas [35].

In this study we looked for p53 accumulation in
breast samples by immunohistochemistry. Alterations in
exon 5–8 of the p53 gene were detected by polymerase
chain reaction (PCR) and temperature gradient gel elec-
trophoresis (TGGE). Samples were gained from fresh
frozen tissue, scrapings and paraffin-embedded tissue.
Attention was paid to the value of the special scrape
preparation technique in preinvasive and invasive lesions.

Our aim was to study the role of p53 in breast cancer
evolution by determining the p53 mutation rate in benign
breast samples, in ductal carcinoma in situ (DCIS), par-
ticularly in the comedo subtype, and in invasive carcino-
mas. We also examined whether or not p53 mutations are
conserved during breast cancer progression and lymph
node metastasis.

Materials and methods

Tissue samples were obtained from 80 patients who had under-
gone surgery at the Department of Gynaecology, University of
Hamburg for either in situ carcinoma (n = 19) or invasive breast
cancer (n = 61). For invasive cancer, 23 pairs of primary tumours
(18 with mutations proven by TGGE) and corresponding axillary
lymph nodes were examined. The patients ranged in age from 24
to 90 years, with a mean age of 48. Forty-four patients were pre-
menopausal. In addition, 13 samples of nonmalignant breast le-
sions and 3 samples obtained from patients with intramammary re-
currence were analysed. The tissue samples were fresh frozen in
liquid nitrogen immediately after excision and stored at –80°C un-
til DNA analysis, while in some cases a special scrape preparation
technique was applied. p53 analyses in lymph nodes were carried
out on paraffin-embedded tissue. Histological classification done
by light microscopy revealed 32 ductal, 17 comedo, 8 lobular, 1
mucinous, 1 medullary, and 1 anaplastic carcinomas, and 1 carci-
noma with a mixed histological pattern (Table 1). Among the in

situ carcinomas were 15 comedo and 4 noncomedo DCIS. Most of
the invasive tumours and all of the in situ carcinomas were exam-
ined by gross-mount sections to estimate the size and the extent of
the in situ component.

In scrape preparations, the surface of a freshly cut tumour was
carefully scraped off with a scalpel blade. Cell clusters obtained
by this procedure were suspended in 2 ml of sodium chloride solu-
tion and stored at –80°C; 400µl of this cell suspension was then
centrifuged for 5 min. The pellet was washed three times with
200 µl PBS and finally dissolved in 100µl PBS containing 20µg
proteinase K, 5% Tween 20 and 5% Nonidet P-40. The solution
was incubated for 1 h at 55°C, followed by 10 min at 94°C. The
samples were used for PCR were 10µl in volume.

DNA was extracted from fresh-frozen tissue using cesium
chloride, guanidinium isothiocyanate and proteinase K, followed
by phenol-chloroform extraction and ethanol precipitation as de-
scribed by Chomcynski and Sacchi [8]. For the analysis of lymph
nodes, 8-µm sections were cut from paraffin-embedded tissue with
sterile blades. In the case of metastasis, tumour tissue was micro-
dissected from the sections and treated as described previously
[23].

For TGGE, exons 5, 6, 7 and 8 of the p53 gene were separately
amplified by PCR as described by Scholz et al. [32]. The sequenc-
es of the PCR primers were obtained from Dr.V.C. Sheffield, Iowa
City, IA [6], with the exception of the anti-sense primer of exon 8,
which was designed by our group. With the object of to detecting
single-base alterations more efficiently, one primer in each group
contained a GC-rich clamp [33] (Table 2). PCR products were ex-
tracted with phenol/chloroform/isoamylalcohol followed by etha-
nol precipitation. Sediments were dissolved in ethanol, lyophilized
and dissolved in 30µl buffer containing 20 mM MOPS, 1 mM
EDTA, pH 8.0. TGGE was performed as described previously [20,
32].

p53 immunostaining was performed using mouse monoclonal
p53 antibody Ab-6 (Oncogene Science, Dianova, Hamburg, Ger-
many), which identifies a denaturation-resistant epitope located
near the amino terminus of the p53 protein between amino acids
37 and 45. Deparaffinized slides were washed in phosphate-buf-
fered saline (PBS) and pre-incubated in 0.5% blocking serum for
20 min to reduce nonspecific binding. The monoclonal p53 anti-
body Ab-6 was diluted 1:150 in 1% BSA (Sigma) and used for
overnight incubation at 4°C. A biotinylated sheep anti-mouse anti-
body (Amersham-Buchler, Braunschweig, Germany; diluted
1:100) was applied to the sections as secondary antibody for 1 h at
37°C, followed by streptavidine-alkaline phosphatase conjugate
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(Gibco-BRL, Eggenstein, Germany; diluted 1:1000). Colour de-
velopment was performed with NBT/BCIP (NBT:0.3 mg /ml;
BCIP: 0.2 mg/ml) for 15 min in the dark without counterstaining.
Only nuclear staining in the tumour tissue was scored: no positive
cell nuclei –, up to 25% positive nuclei +, 26–50% positive nuclei
+ +, 51–100% positive nuclei + + +.

All statistical analyses were performed by Statistica 4.5 soft-
ware StatSoft (Tulsa, Okla, USA). Chi-square analysis was used to
determine statistical associations. Mean values for patient age and
tumour size were compared with the aid of a t-test.

Results

Structural aberrations of the p53 gene, as indicated by al-
tered mobilities of the amplified DNA fragments
(Fig. 1), were detected by TGGE in 29 (55.7%) of the in-
vasive breast carcinomas and in 6 (31.5%) of the ductal
carcinomas in situ (DCIS). In 33 of the 35 cases with
mutant p53, germline mutations or polymorphisms could
be ruled out either by comparison with normal tissue
from the same patient showing wild-type p53 or by the
typical TGGE pattern with predominance of the wild-
type or mutant homoduplex band. The 2 remaining cases
harboured exon 6 mutations, probably natural polymor-
phisms in codon 213, because of the typical TGGE pat-
terns identical to those in cases with polymorphisms
demonstrated by direct sequencing [27]. These 2 cases
were not included in the evaluation, as the mutations
were found in normal tissue.

In the invasive carcinomas, 12 mutations were found
in exon 7, 8 in exon 8, 7 in exon 6, and 4 in exon 5. In
the DCIS group, TGGE revealed 3 mutations in exon 6,
3 in exon 7, and 2 in exon 8. Three tumours showed a
double mutation (exon 5/8, exon 6/7, exon 7/8), and in 1

case of DCIS there was even a triple mutation in exons
6/7/8. Of 3 patients with intramammary recurrences, 2
had mutations; 1 double mutation (exons 5/7), and 1 mu-
tation in exon 5.

It is remarkable that in 1 of our 13 cases of benign
breast disorders we detected a mutation in exon 7. Several
gross mount sections were prepared, but the histological
state was found not to exceed atypical ductal hyperplasia
when examined independently by two pathologists. The
distribution according to histological diagnosis is shown
in Table 1. Of the 18 pairs of primary carcinomas (with
mutant p53) and corresponding lymph nodes, 16 were
available for evaluation, as DNA could not be extracted
from 2 lymph nodes. Eight nodes showed metastases. In
3 of them, exon 7 mutations were detected. These muta-
tions matched with the mutations found in the primary tu-
mours. In all 3 cases IHC was also positive as well.

Scrape preparations were made in 30 cases (20 inva-
sive carcinomas, 6 DCIS and 4 benign tissues). In 18
cases, DNA extracted from frozen tissue had also been
analysed. All cases showing mutations in scrape prepara-
tions were also positive after tissue extraction, but 2 mu-
tations detected in tissue (both DCIS) could not be found
in scrape preparations. Nevertheless, there was a signifi-
cant correlation between the two methods (P = 0.0008).
Also, the location of the mutations found corresponded
to the tissue extraction findings (Table 3).

TGGE profiles indicating a structural aberration of
the p53 gene were correlated with common clinicopatho-
logical parameters (Table 4). There seems to be a rela-
tionship with histological tumour type, as mutations
were more frequent in comedo carcinomas (70.6%) and
less common in other ductal (34.4%) or lobular (25.0%)
carcinomas (P = 0.01). A strong correlation was found
with high grade (P = 0.01). Statistically significant cor-
relations were not observed with any further variable but
mutant p53 tended to be more frequent in premenopausal
patients and in angioinvasion.
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Table 2 Primers used for PCR&/tbl.c:&tbl.b:

Exon Sense Anti-sense

5 5′-(GC 40) TTCCTCTTCCTACAGTACTC-3′ 5′-CTGGGCAACCAGCCCTGTCGT-3′
6 5′-(GC 40) ACGACAGGGCTGGTTGCCCA-3′ 5′-AGTTGCAAACCAGACCTCAG-3′
7 5′-(GC 40) TCTCCTAGGTTGGCTCTGACTG-3′ 5′-GCAAGTGGCTCCTGACCTGGA-3′
8 5′-CCTATCCTGAGTAGTGGTAATC-3′ 5′-(GC 40) CCGCTTCTTGTCCTGCTTGCTT-3′

(GC 40) GC-rich clamp: CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCG&/tbl.b:

Fig. 1 TGGE (temperature-gradient gel electrophoresis) analysis
of exon 7. p53 Mutations in invasive breast cancer (1,2,3,5,6) and
in an atypical ductal hyperplasia (4) &/fig.c:

Table 3 Correlation between TGGE from scrape analysis and tis-
sue extraction&/tbl.c:&tbl.b:

Scrape analysis TGGE
Positive Negative

Positive 6 0
Negative 2 10

χ2=11.25, P=0.0008&/tbl.b:



Table 4 Association between clinicopathological variables, p53 mutations and p53 overexpression&/tbl.c:&tbl.b:

Variable TGGE IHC

No. of No. of p53 χ2 P-value No. of Positive χ2 P-value
cases mutations cases cases

Invasive carcinoma

Histological type
Comedo 17 12 (70.5%) 17 8 (47.0%)
Noncomedo 44 16 (36.4%) 5.78 0.01 43 18 (41.8%) 0.13 0.71

Lymph node metastasis
N+ 35 18 (51.4%) 34 17 (50.0%)
N− 22 10 (45.5%) 0.19 0.66 22 8 (36.4%) 1.00 0.31

Grading
G I 7 3 (42.8%) 7 1 (14.3%)
G II 21 5 (23.8%) I+II vsIII 20 9 (45.0%) I+II vsIII
G III 33 20 (60.6%) 6.25 0.01 33 16 (48.5%) 0.29 0.58

Hormone receptors
ER + 40a 17 (42.5%) 39 15 (38.5%)
ER − 20 10 (50.0%) 0.30 0.58 20 10 (50.0%) 0.71 0.39
PgR + 41b 17 (41.5%) 40 16 (40.0%)
PgR − 18 10 (55.5%) 1.00 0.31 18 9 (50.0%) 0.50 0.47

Menopausal status
Pre − 34 19 (55.8%) 33 15 (45.5%)
Post − 27 9 (33.3%) 3.08 0.07 27 11 (40.7%) 0.13 0.71

Lymphatic invasion
Positive 20 12 (60.0%) 20 11 (55.0%)
Negative 41 16 (39.0%) 2.38 0.12 40 15 (37.5%) 1.66 0.19

a ER unknown for 1 patient
b PgR unknown for 2 patients

In situ carcinoma

Histological type
Comedo 15 15 (33.3%) 15 6 (40.0%)
Noncomedo 4 1(25.0%) 0.10 0.75 4 1 (25.0%) 0.31 0.58

Hormone receptors
ER + 14 5 (35.7%) 14 5 (35.7%)
ER − 5 1 (20.0%) 0.42 0.51 5 2 (40.0%) 0.03 0.86
PgR + 10c 4 (40.0%) 10 3 (30.0%)
PgR − 8 2 (25.0%) 0.45 0.50 8 4 (50.0%) 0.75 0.38

Menopausal status
Pre − 12 6 (50.0%) 12 5 (41.6%)
Post − 7 0 (0%) 5.11 0.02 7 2 (28.6%) 0.32 0.56

c PgR status unknown for one patient&/tbl.b:

Of the 18 women with ductal carcinoma in situ
(DCIS), 6 had mutations of p53, all of them premeno-
pausal (P = 0.02). Five of them had comedo-type lesions,
and the remaining tumour was a 60-mm lesion of cribri-
form type. Repeated gross-mount sections revealed small
areas of invasion, representing no more than 3% of the
total lesion.

Sixty primary breast carcinomas, 19 DCIS, and 13 be-
nign breast diseases were analysed for p53 protein accu-
mulation by immunohistochemistry (Table 4, Figs. 2, 3).
None of the benign breast lesions stained positive for
p53. Among the 19 DCIS, 7 (36.8%) showed an accumu-
lation of p53 protein. Staining patterns were weak in 5
cases, while moderate or strong immunostaining was
found in 2 cases of DCIS harbouring p53 mutations.

However, in 3 further cases associated with p53 muta-
tions, staining was completely absent. p53 overexpres-
sion was observed more frequently in comedo-type le-
sions and in premenopausal women.

Twenty-six (43.3%) of the invasive breast carcinomas
accumulated nuclear p53 protein. However, strong im-
munostaining was rare (4 cases), and only 14 invasive
carcinomas with p53 protein accumulation harboured
gene mutations. As in DCIS, p53 overexpression was
found more frequently in comedo-type lesions, and addi-
tionally in cases with lymph node metastasis and nega-
tive hormone receptors. A significant correlation could
be seen between positive staining and increasing tumour
size (P = 0.02). p53 overexpression was associated with
mutant p53 neither in DCIS (P = 0.4) nor in invasive car-
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cinomas (P = 0.3). In 11 infiltrating tumours with an ex-
tensive in situ component, staining patterns were com-
pared in both types of lesions on the same section. Six of
these were found to be positive (Fig. 2), and 3 to be neg-
ative in both components. In the remaining 2 cases, only
the infiltrating lesion stained positive.

Of the 23 lymph nodes analysed, 12 were metastatic.
All nonmetastatic nodes stained negative, whereas 5 of
the metastatic lesions were positive. In 3 of these posi-
tive cases, TGGE revealed p53 mutations in exon 7. The
staining patterns of the primary neoplasms corresponded
with the metastatic lesions in 8 cases. There was a shift
from positive to negative in 4 cases.

Discussion

We have examined different stages of breast cancer and
benign breast lesions for p53 protein expression and ge-
netic alterations, using TGGE to screen for unknown
mutations in amplified DNA fragments corresponding to

exons 5–8 of the p53 gene. Like the denaturing gradient
gel electrophoresis (DGGE) [15], TGGE is based on the
melting properties of DNA, using temperature instead of
a chemical denaturating gradient. The TGGE is rapid
and convenient, and appears to be more efficient and eas-
ier to interpret than the more commonly used single
strand conformational polymorphism analysis (SSCP)
shown previously [32]. In a series of 94 ovarian tumours,
we demonstrated the reliability of the TGGE by direct
sequencing [20].

In order to gain tumour cells rapidly, we developed a
simple method for sampling and preparation for genomic
analysis. The scrape preparation can be applied to very
small samples and needs only short proteolytic treatment
instead of time-consuming extraction procedures. Multi-
ple tumour cell clusters can easily be obtained by scrap-
ing the cut surface of a fresh tissue carefully with a small
scalpel blade. A high correlation to the standard extrac-
tion procedure was found.

We analyzed a variety of breast tissues, both benign
and malignant, by TGGE and compared them by immu-
nohistochemical (IHC) methods. All benign lesions
stained negative for p53. Interestingly, 1 patient with an
atypical ductal hyperplasia harboured an exon 7 muta-
tion, but also without detectable p53 protein expression.
A point mutation with positive p53 staining has been de-
scribed in normal tissue by Eeles et al. [12], but that case
was a constitutional mutation in a woman who developed
multiple tumours. In our case, no mutation was detected
in tissue obtained from outside of the lesion, and the pa-
tient has developed no tumour so far. Nevertheless, Dup-
ont and Page [11] have demonstrated that patients with
atypical hyperplasia have a significantly increased risk of
developing breast cancer. The fact that this high-risk le-
sion can be associated with p53 gene mutation gives fur-
ther credence to the theory that p53 gene alteration might
be an early or even an initiating event in breast cancer
cancerogenesis. p53 mutations were detected in 28 of 61
invasive carcinomas (45.9%), a higher incidence than
that reported by others [2, 4, 31, 34, 35]. This may be ex-
plained by a bias to high-risk criteria, such as low age,
positive lymph nodes or aggressive tumour type.

A strong relationship was seen between p53 gene al-
terations and comedo-type invasive carcinoma, an histo-
type generally associated with an unfavorable prognosis.
p53 mutations were significantly correlated with low dif-
ferentiation and were more frequent in cases of angioin-
vasion and in premenopausal women. The p53 expres-
sion as detected by immunohistochemistry was related to
larger tumour size and negative hormone receptor status.
Barbareschi et al. [3] reported similar findings in a larger
study on 178 node-negative patients and also showed a
significant association with lower age and higher tumour
grade, but this did not translate to clinical outcome.

The p53 overexpression in our study did not correlate
with p53 mutations found by TGGE, however. Similar
findings have been described by others [1, 19, 26, 34] and
by us in a recent study on cervical and vulvar cancer, us-
ing the same methods [27]. The reasons why mutations
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Fig. 2 Immunohistochemical detection of p53 expression in duc-
tal carcinoma in situ and invasive tumour. Original magnifica-
tion×250&/fig.c:

Fig. 3 Higher magnification of p53 staining in ductal carcinoma
in situ. Original magnification ×400&/fig.c:



are not associated with p53 expression are manifold: con-
firmed mutations with negative IHC staining can occur
due to nonsense mutations, frameshift errors, silent and
some splice mutations; other possible explanations are
modifications of epitopes or the effect of different meth-
ods of fixation on the stability of the p53 protein [14].

It seems that p53 immunostaining does not inevitably
reflect genetic alteration. p53 as a part of the DNA dam-
age response can be up-regulated or stabilized by various
factors, such as ultraviolet light, viral products or the cel-
lular environment itself [17, 36]. There is increasing evi-
dence to show that immunostaining properties depend on
conformational changes or interactions of p53 with other
cellular proteins, since staining patterns change during dif-
ferent points of the cell cycle [16] and are independent of
mRNA expression. Comparison of TGGE and IHC results
(Table 4) indicates that the association of p53 status and
other variables is much more clear cut if gene alteration is
studied by molecular biology rather than by IHC alone.

Many data have been published on the distribution of
p53 mutations in invasive carcinomas [2, 4, 31, 34, 35],
but studies on DCIS are still limited. Bartek et al. [4]
found pronounced overexpression of p53 in 2 out of 9
cases of pure DCIS. Strong staining for p53 was primari-
ly seen in comedo-type DCIS [14, 35, 37]. In the largest
study on 143 cases of DCIS, detectable p53 expression
was confined almost exclusively to large-cell DCIS, a
subgroup that includes comedo-type DCIS [30]. In a re-
cently published study, O´Malley et al. [29] showed pos-
itive immunostaining in 4 out of 12 comedo DCIS,
whereas all the noncomedo DCIS (n = 27) stained nega-
tive. SSCP and direct sequencing revealed only 1 muta-
tion among the 4 positive lesions. It was therefore con-
cluded that p53 mutation has to be considered as a rare
event even in comedo DCIS. Among the 15 cases of
comedo DCIS in our study, 6 (40%) were immunoposi-
tive and 5 (33%) harboured a mutant p53 gene, but only
in 3 cases did the data correspond to IHC, indicating that
mutations are easily missed when not confirmed at the
molecular level. In contrast to O´Malley, we believe that
p53 mutation is frequent at least in comedo-type DCIS.
Moreover, our data demonstrate a high degree of corre-
spondence between in situ and invasive components
within the same lesion.

We consider that it is easier to distinguish between
high-grade DCIS and low-grade DCIS, than between low-
grade DCIS and atypical ductal hyperplasia. The latter
might be variants of the same group of lesions, but the
small number of cases makes us cautious in interpretation.

Finally, we investigated whether mutations are con-
served in metastastic lesions. Our p53 staining of the
paired primary carcinomas and lymph nodes are not in
accordance with the results of Davidoff et al. [9], who
found a total correspondence in a set of 22 pairs analy-
sed by immunohistochemistry. In contrast to Davidoff et
al., we examined all metastatic lesions at the molecular
level, revealing 3 mutations in exon 7, which corre-
sponded to the findings in the primary tumours. At least
in these cases, the p53 mutations are conserved during

metastatic spread, but it must be remembered that in 5
metastatic lesions with positive primaries no mutations
were found at all. This might be due to dilution of the
DNA by normal lymphocytes or stromal cells, as in some
cases very small amounts of cancer cells were present in
the lymph nodes. A more convenient explanation, how-
ever, is genotypic heterogeneity among the cancer cells.
The fact that no new mutation was found at metastatic
sites lends credence to the hypothesis that p53 occurs
well before metastatic spread.

In conclusion, our findings indicate that p53 muta-
tions are mainly seen in tumours with an unfavorable
prognosis, such as comedo-type or high-grade tumours.
p53 Gene alterations were detectable in all stages of
breast cancerogenesis, including atypical ductal hyper-
plasia.

&p.2:Acknowledgements This work was supported by the Deutsche
Krebshilfe/Dr. Mildred Scheel Stiftung. We thank Ms.H. Nagel,
Ms.G. Becker and Ms.C. Coith for excellent technical assistance.

References

1. Allred DC, Clark GM, Elledge R, Fuqua SAW, Brown RW,
Chamness GC, Osborne CK, McGuire WL (1993) Association
of p53 protein expression with tumor cell proliferation rate
and clinical outcome in node-negativ breast cancer. J Natl
Cancer Inst 85:200–206

2. Andersen TI, Holm R, Nesland JM, Heimdal KR, Ottestad L,
Børresen AL (1993) Prognostic significance of TP53 altera-
tion in breast cancer. Br J Cancer 68:540–548

3. Barbareschi M, Caffo O, Veronese S, Leek RD, Fina P, Fox S,
Bonzanini M, Girlando S, Morelli L, Eccher C, Pezzella F,
Doglioni C, Dalla Palma P, Harris A (1996) Bcl-2 and p53 ex-
pression in node-negative breast carcinoma. Hum Pathol 27:
1149–1155

4. Bártek J, Bártková J, Vojtesek B, Stasková Z, Rejthar A,
Kovarik J, Lane DP (1990) Patterns of expression of the p53
tumor suppressor in human breast tissues and tumors in situ
and in vitro. Int J Cancer 46:839–844

5. Bártek J, Bártková J, Voijtesek B (1991) Aberrant expression
of the p53 oncoprotein is a common feature of a wide spec-
trum of human malignancies. Oncogene 6:1699–1703

6. Beck JS, Kwitek AE, Cogen PH, Metzger AK, Duyk GM,
Sheffield VC (1993) A denaturing-gradient gel-electrophoresis
assay for sensitive detection of p53 mutations. Hum Genet
91:25–30

7. Caron de Fromentel C, Soussi T (1992) TP53 Tumor suppres-
sor gene: a model for investigating human mutagenesis.
Genes, Chromosom Cancer 4:1–15

8. Chromczynski P, Sacchi N (1987) Single-step method of RNA
isolation by acid-guanidinium-thiocyanate-phenol-chloroform
extraction. Ann Biochem 162:156–159

9. Davidoff AM, Kerns BJM, Iglehart D, Marks JR (1991) Main-
tenance of p53 alterations throughout breast cancer progres-
sion. Cancer Res 51:2605–2610

10. Dunn JM, Hastrich DJ, Newcomb P, Webb JC, Maitland NJ
Farndon JR (1993) Correlation between p53 mutations and an-
tibody staining in breast carcinoma. Br J Surg 80:1410–1402

11. Dupont WD, Page DL (1985) Risk factors for breast cancer in
woman with proliferative breast disease. N Engl J Med 312:
146–151

12. Eeles RA, Warren W, Knee G, Bartek J, Averill D, Stratton
MR, Blake PR, Tait DM, Lane DP (1993) Constitutional muta-
tion in exon 8 of the p53 gene in a patient with multiple prima-
ry tumours: molecular and immunohistochemical findings.
Oncogene 8:1269–1276

380



13. El-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R,
Trent JM, Lin D, Mercer WE, Kinzler KW, Vogelstein B
(1993) WAF 1, a potential mediator of p53 tumor suppression.
Cell 75:817–825

14. Fisher CJ, Gillett CE, Vojtesek B, Barnes DM, Millis RR
(1994) Problems with p53 immunohistochemical staining: the
effect of fixation and variation in the methods of evaluation.
Br J Cancer 69:26–31

15. Fodde R, Losekoot M (1994) Mutation detection by denatur-
ing gel electrophoresis (DGGE) Hum Mutat 3:83–94

16. Gudas JM, Oka M, Diella F, Trepel J, Cowan KH (1994) Ex-
pression of wild-type p53 during the cell cycle in normal hu-
man mammary epithelial cells. Cell Growth Differ 5:295–304

17. Hall PA, McKee PH, Menage H du P, Dover R, Lane DP
(1993) High levels of p53 protein in UV-irradiated normal hu-
man skin. Oncogene 8:203–207

18. Hollstein M, Sidransky D, Vogelstein B, Harris CC (1991) p53
Mutations in human cancers. Science 253:49–53

19. Hurlimann J, Chaubert P, Benhatter J (1994) p53 Gene altera-
tions and p53 protein accumulation in infiltrating ductal breast
carcinomas: correlation between immunohistochemical and
molecular biology techniques. Mod Pathol 7:423–428

20. Kappes S, Milde-Langosch K, Kressin P, Passlack B, Dock-
horn-Dworniczak B, Röhlke P, Löning T (1995) p53 Muta-
tions in ovarian tumors, detected by Temperature- gradient gel
electrophoresis, direct sequencing and immunohistochemistry.
Int J Cancer 64:52–59

21. Kastan MB, Zhan Q, El-Deiry WS, Carries F, Jacks T, Walsh
WV, Plunkett BS, Vogelstein B (1992) A mammalian cell cy-
cle checkpoint pathway utilizing p53 and GADD45 is defec-
tive in ataxia-telangiectasia. Cell 71:587–597

22. Kern S, Kinzler KW, Bruskin A, Jarosz D, Friedmann P, Prives
C, Vogelstein B (1991) Identification of p53 as a sequence
specific DNA binding protein. Science 252:1708–1711

23. Kiene P, Milde-Langosch K, Runkel M, Schulz K, Löning T
(1992) A simple and rapid technique to process formalin-
fixed, paraffin-embedded tissues for the detection of viruses
by polymerase chain reaction. Virchows Arch [A] 420:
269–273

24. Kuerbitz SJ, Plunkett BS, Walsh WV, Kastan MB (1992)
Wild-type p53 is a cell-cycle checkpoint determinant follow-
ing irradiatio. Proc Natl Acad Sci USA 89:7491–7495

25. Lane DP (1992) p53, guardian of the genome. Nature 358:
15–16

26. Lohmann D, Ruhri Ch, Schmitt M, Graeff H, Höfler H (1993)
Accumulation of p53 protein as an indicator for p53 gene mu-
tation in breast cancer. Diagn Mol Pathol 2:36–41

27. Milde-Langosch K, Albrecht K, Joram S, Schlechte H, Gies-
sing M, Löning T (1995) The pathogenetic impact of HPV in-
fection and p53 mutation differs in cancer of cervix uteri and
the vulva. Int J Cancer 63:639–645

28. Milner J, Medcalf EA (1991) Cotranslation of activated mu-
tant p53 with wild type drives the wild-type p53 protein into
the mutant conformation. Cell 65:765–774

29. O´Malley FP,Vnencak-Jones CL, Dupont WD, Parl F, Manning
S, Page DL (1994) p53 Mutations are confined to the comedo
type ductal carcinoma in situ of the breast. Lab Invest 71:67–72

30. Poller DN, Roberts EC, Bell JA, Elston CW, Blamey RW, Ellis
IO (1993) P53 protein expression in mammary ductal carcino-
ma in situ. Hum Pathol 24:463–468

31. Runnebaum IB, Nagarajan M, Bowman M, Soto D, Sukumar S
(1991) Mutations in p53 as potential molecular markers for mu-
man breast cancer. Proc Natl Acad Sci USA 88:10657–10661

32. Scholz RB, Milde-Langosch K, Jung R, Schlechte H, Kabisch
H, Wagener C, Löning T (1993) Rapid screening for Tp53 mu-
tations by temperature-gradient gel electrophoresis: a compari-
son with SSCP analysis. Hum Mol Genet 2:2155–2158

33. Sheffield VC, Cox DR, Lerman LS, Myers RM (1989) Attach-
ment of a 40-base-pair G+C-rich sequence (GC-clamp) to ge-
nomic DNA fragments by the polymerase chain reaction re-
sults in improved detection of single-base changes. Proc Natl
Acad Sci USA 86:232–236

34. Thompson AM, Anderson TJ,Condie A, Prosser J, Chetty U,
Carter DC, Evans HJ, Steel CM (1992) p53 Allele losses, mu-
tations and expression in breast cancer and their relationship to
clinico-pathological parameters. Int J Cancer 50:528–532

35. Thor AD, Moore II DH, Edgerton SM, Kawasaki ES Reihsaus
E, Lynch HT (1992) Accumulation of p53 tumor suppressor
gene protein: an independent marker of prognosis in breast
cancer. J Natl Cancer Inst 84:845–854

36. Vojtesek B, Lane DP (1993) Regulation of p53 protein expres-
sion in human breast cancer cell lines. J Cell Sci 105:607–612

37. Walker RA, Dearing SJ, Lane DP, Varley JM (1991) Expres-
sion of p53 in infiltrating and in situ breast carcinomas. J Pa-
thol (Lond) 165:203–211

38. Yonish RE, Resnitzky D, Lotem J, Sachs L, Kimchi A,Oren M
(1991) Wild-type p53 induces apoptosis of myeloid leukaemic
cells that is inhibited by interleukin-6. Nature 352:345–347

381


