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Introduction

P53 and cyclin D1 have a basic role in the complex
mechanism of the cell cycle. The multifunctional p53 pro-
tein is involved in the regulation of DNA synthesis and
repair, progress of cell cycle and programmed cell
death.11,27 Mutation of p53 is the most frequent known
genetic alteration in human cancer and it occurs in 22% of
breast cancers.10 Accumulation of the p53 protein has been
observed in various tumors, and reflects the increased half
life of the protein due to mutation or association with
other proteins.16 The clinical significance of mutation or
accumulation of p53 in breast cancer has been studied
thoroughly, p53 alteration seems to be associated with
worse prognosis.1,12,14,25

Intrinsic or environmental DNA damages, through the
increased synthesis of p53 protein change the transcrip-
tional level of several cell cycle checkpoint related genes,
including mdm,30 GADD 4513 and p21 (WAF1/CIP1).6 p21

Received: Aprl 12, 1999; accepted: May 10, 1999
Correspondence: Dr. János TANYI, Ist Department of Gynaecology
and Obstetrics, Semmelweis University of Medicine, Budapest,
Baross str. 27. H-1088 Budapest, Hungary; Tel.: +36-1-216-0473,
fax.: +36-1-117-6174; E-mail: tanyi©noi1.sote.hu

P53 and cyclin D1 are interacting regulatory genes
and both are frequently altered in breast cancer. We
analysed p53 mutation by SSCP and sequencing
methods as well as p53 protein accumulation
immunohistochemically in 34 consecutively oper-
ated breast tumors. None of 4 fibroadenomas
revealed p53 mutation or p53 protein accumulation.
Mutation of p53 was present in 7 carcinomas.
Immunohistochemistry revealed accumulation of
p53 protein in 6 carcinomas and there was a signif-

icant correlation between p53 mutation and protein
accumulation. Overexpression of cyclin D1 protein
was observed in 11 carcinomas by immunohisto-
chemistry and no correlation was observed
between cyclin D1 overexpression and p53 muta-
tion or accumulation. Our data support the concept
that the p53-cyclin D1 signal pathway and the
cyclin D1 cascade are disregulated in breast cancer.
(Pathology Oncology Research Vol 5, No 2, 90–94,
1999)
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inhibits the activity of cyclin-dependent kinase (CDK)
complexes,6 the progression of the cell cycle, the replica-
tion of DNA,28 and represents the primary mediator of the
effect of p53 on the cell cycle. In normal cells, cyclin D1
forms a multimer complex with CDK4, CDK6 and acti-
vates the CDK catalytic activity.20 Cyclin D1 has a short
half life, its expression is elevated in G1 phase of cell
cycle5 and is highly influenced by growth factors.9 The
primary role of cyclin D1 is the regulation of the cell cycle
through the G1 phase. In some cases increased levels of
cyclin D1 has been observed in arrested, senescent cells19

and may contribute to the induction of apoptosis in these
cells as well.15 The chromosomal region (11q13) harbour-
ing cyclin D1 gene is amplified in a variety of tumors
including about 20% of breast cancers18 and commonly
results in increased expression of the cyclin D1.
Overexpression of cyclin D1, which can occur without
amplification, has been observed in 25–50% of breast can-
cers by immunohistological methods.21,22 The biological
consequence of 11q13 amplification and cyclin D1 over-
expression in breast cancer is still discussed. Previous
studies had indicated that amplification of 11q13 was
associated with poor prognosis,7,24 while recent observa-
tions have shown that cyclin D1 overexpression was asso-
ciated with increased or only minimally decreased relapse
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free interval.8 p21 mediates not only the biological activi-
ty of p53 by inhibition of cyclin dependent kinases, but
also results in an increased expression of cyclin D1.4

However, little is known about how the mutation of p53 or
overexpression of cyclin D1 affects this regulatory loop in
mammary tumor cells. The aim of this study was to
analyse the correlation between cyclin D1 expression and
p53 mutation and/or accumulation in breast tumors.

Material and methods

Tumor specimens

34 consecutively operated women with breast tumor
were included in this study. The frozen section was exam-
ined from each tumor and areas of normal tissue were sep-
arated. DNA was separately isolated from sections of
frozen tumor and corresponding normal tissues by
QIAamp kit (Qiagen). After formaldehyde fixation and
paraffin-embedding, 5 µm thick tissue sections were
stained with hematoxylin and eosin. Slides were coated for
immunostaining with poly-L-lysine (Sigma).

Immunohistochemistry

Paraffin-embedded tissue sections were dewaxed, rehy-
drated, and autoclaved in 10 mM citrate buffer (pH 6,4) for
20 min in order to restore antigenecity.26 Phosphate buffered
saline (PBS) wash was used between each of the following
steps. Unspecific protein binding of tissue section was
blocked with 1% bovine serum albumin containing PBS for
30 min at 37°C, then the slides were incubated overnight
with the primary antibodies p53 (CM-1 rabbit polyclonal in
1:20000 dilution and DO7 murine monoclonal 1:500 dilu-
tion, both from Medac, Hamburg, Germany) and cyclin D1
(HD11 mouse monoconal in 1:400 dilution, Santa Cruz
Biotech., Santa Cruz, USA), separately. Primary antibodies
were revealed by a biotin-streptavidin-amplified detection
system (Biogenex, Sun Ramon, USA) using naphtol phos-

phate and fast red as colour substrate. Slides were lightly
counterstained with hematoxylin and mounted in Kaiser’s
glycerin-gelatine. Negative control was stained with the
omission of the primary antibodies. Immunostaining was
assessed by two of us independently. p53 staining was
scored as positive or negative, while cyclin D1 staining was
ranked as follows: negative (–), weak (+), moderate (++),
strong (+++), based on the intensity of nuclear staining in
the majority of the cells. Discrepant scoring was re-evaluat-
ed and consensus reached.

Mutation analysis

Mutation analysis of exons 5–9 of p53 were performed
by PCR-SSCP and direct sequencing methods. Exons were
amplified individually, except 8 and 9, which were ampli-
fied in one fragment (Table 1). 25 µl PCR reaction mixture
consisted of 10 nM Tris-HCl (pH 8.3), 1,75 mM MgCl2, 50
mM KCl, 0,01% gelatine, 200 µM each of four dNTP, 0,25
µM of each primer, 0,5 U Taq DNA polymerase
(Boehringer Mannheim Biochemica, Germany), and 200 ng
DNA. The PCR reaction was carried out as follows: initial
denaturation, 3 min at 94°C, then 30 cycles of 94°C 45 sec,
55°C 30 sec, 72°C 1 min. PCR products were diluted in 5
excess volumes of formamide dye solution (95% for-
mamide, 0,05% bromophenol blue, 0,05% xylene cyanol,
20 mM EDTA, 10 mM NaOH) and were loaded on a 0,5x
MDE polyacrilamid gel, immediately after heating for 2
min at 95°C and chilling on ice. Electrophoresis was per-
formed at 15°C with 6 W constant power for 20 hours.
DNA was then transferred to Hybond N membrane
(Amersham, Germany) and fixed in an oven at 80°C for 2
hours. After hybridisation with digoxigenin end-labelled
corresponding primers in Church buffer at 37°C for 1 hour,
DNA was visualised by a digoxigenin detection system
(Boehringer Mannheim Biochemicals, Germany) using
BCIP/NBT substrates. Samples showing bands with altered
mobility were subjected to sequencing. PCR products were
purified from low melting temperature agarose gel and
sequencing reaction was performed with PRISM dyedeoxy
cycle sequencing reagent (Perkin-Elmer, USA) according
to the manufacturer’s instructions. Sequence was evaluated
on an ABI-373 DNA analysis system (Perkin-Elmer, USA). 

Results

Four of the analysed tumors were benign fibroadeno-
mas, 30 were carcinomas (Table 2). After antigen retrieval
by autoclave treatment, all of the applied antibodies result-
ed in easily evaluable signals showing the expected
nuclear localisation (Figure 1). Negative controls had no
staining and there was no immunoreactivity for p53 in nor-
mal tissue, while sporadic weak staining was observed for
cyclin D1. There was no substantial discrepancy between

Table 1. Primers for PCR amplification of exons 5 to 9 of
the p53 gene (31)

Exon Sequence 5’-3’ Positionx

5 GTCTCCTTCCTCTTCCTACAG 13034–13054
TCTCCAGCCCCAGCTGCTCA 13259–13240

6 GAGACGACAGGGCTGGTT 13258–13275
GAGACCCAGTTGCAAACC 12450–12433

7 CCAAGGCGCACTGGCCTC 13957–13974
GAGGCAAGCAGAGGCTGG 14169–14152

8–9 CCTTACTGCCTCTTGCTTC 14413–14431
CTGGAAACTTTCCACTTGAT 14796–14777

x Positions are defined on sequence x54156.
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the data obtained with the two p53 specific antibodies, and
results were therefore combined. Six of 34 tumors (18%)
had an increased amount of p53 protein, and none of the
four fibroadenoma was in this group (Table 2). Cyclin D1
staining was displayed in all but one case intranuclear
location (Table 2). The intensity of the reaction showed
great variation. 11 of the 34 tumors, including 1 fibroade-
noma had a significantly increased level of cyclin D1 rel-
ative to the normal mammary tissue (Table 2).

PCR-SSCP analysis showed DNA fragments with
altered mobility in 7 cases (Table 2). None of these tissues
was a fibroadenoma. None of the mutations were present
in the corresponding normal tissues. Mutation was con-
firmed in all of these cases by sequencing (Table 3). Three
of the mutations resulted in the formation of a new stop
codon, while all others in amino acid change. Four of the
seven mutations were associated with accumulation of p53
protein. Two cases with increased level of p53 had no sign
of mutation in the examined sequence. There was correla-
tion between p53 mutation and p53 protein accumulation
(χ2 test p<0.01). In contrast, no tendency of correlation
was observable between p53 mutation and cyclin D1
expression (χ2 test p>0.2).

Discussion

Previous studies have identified p53 mutations in
about 22% of breast cancers10 and recent reports indicat-
ed overexpression of cyclin D1 in 30–50% of the
cases.21,22 In the present study we have identified in 23%
and 33% of the carcinomas mutation of p53 and overex-
pression of cyclin D1, respectively. There was a signifi-
cant correlation between p53 mutation and p53 protein

Table 2. Main clinico-pathologic data and results of p53
mutation as well as immunohistological analysis of p53
and cyclin D1 in 34 breast tumors

1 fibroadenoma – – –
2 fibroadenoma – – ++
3 fibroadenoma – – +
4 fibroadenoma – – –

5 ductal carcinoma 2 G3 exon 6 – +
6 ductal carcinoma 2 G2 – – ++
7 ductal carcinoma 2 G2 – – –
8 ductal carcinoma 2 G3 – – ++
9 ductal carcinoma 2 G3 – + –
10 ductal carcinoma 2 G2 exon 6 + IC*
11 ductal carcinoma 1 G2 – – –
12 ductal carcinoma 2 G3 – – +++
13 ductal carcinoma 2 G2 – – ++
14 ductal carcinoma 1 G2 – – –
15 ductal carcinoma 2 G3 – – +
16 ductal carcinoma 2 G2 – – +++
17 ductal carcinoma 2 G2 – – ++
18 ductal carcinoma 2 G3 – – –
19 ductal carcinoma 1 G1 exon 5 – ++
20 ductal carcinoma 2 G2 – – –
21 ductal carcinoma 4 G3 exon 6 – +++
22 ductal carcinoma 4 G3 – – ++
23 ductal carcinoma 1 G2 – – +
24 ductal carcinoma 1 G3 – – +
25 ductal carcinoma 2 G2 – – –
26 ductal carcinoma 2 G2 – – –
27 ductal carcinoma 2 G3 – + +
28 ductal carcinoma 1 G1 – – +
29 ductal carcinoma 2 G3 exon 7 + –

30 lobular carcinoma 3 – – –
31 lobular carcinoma 2 – – +
32 lobular carcinoma 2 exon 7 + –
33 lobular carcinoma 2 exon 6 + ++
34 lobular carcinoma 2 – – +

* Intracytoplasmic staining
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Figure 1. Immunohistochemical staining of primary breast
cancer sections for p53 (a) and cyclin D1 (b). A strong nuclear
reaction is present for both proteins.
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accumulation. On the other hand, no correlation was pre-
sent between p53 mutation and cyclin D1 expression. In
previous studies, association was observed in breast can-
cer between cyclin D1 overexpression and the presence of
estrogen receptor.7,22 In contrast to the general expecta-
tion, increased cyclin D1 expression was not associated
with increased rate of cells in S phase or with worse prog-
nosis.8,22 This finding is in conformity with the generally
better prognosis of estrogen receptor positive breast can-
cers but contradicts earlier studies which indicated that
11q13 amplification was relevant for poor prognosis.7,22

The frequent amplification of the chromosomal region of
cyclin D1 in breast cancer and the increased susceptibili-
ty in mice for mammary cancer after cyclin D1 overex-
pression strongly indicate the substantial role of cyclin D1
in the pathogenesis of mammary cancer, although cyclin
D1 does not seem to maintain the same crucial function in
the tumor.29 The major function of the cyclin-CDK com-
plex is the phosphorylation of retinoblastoma protein
(pRB) in normal cells.5 Various tumors such as retinoblas-
toma, small cell lung cancer, certain bladder cancer pro-
liferate without functional retinoblastoma protein.2,23 The
most probable explanation for the lack of correlation
between cyclin D1 overexpression and prognosis in breast
cancer is that during the tumor progression cancer cells
loss, bypass or replace the regulatory role of pRB, and
proliferate in the abscence of pRB, as well. In normal
cells there is a regulatory pathway between p53 and
cyclin D1. p53, through the induction of p21 inhibits the
CDK activity and induces cyclin D1 overexpression.4 It is
known, that some of the p53 mutations abolish the induc-
tive effect on p21.17 A recent immunohistological study
found no correlation between p53 accumulation and
cyclin D1 expression in mammary cancer.22 Our study,
based on both mutation analysis of p53 and immunohis-
tochemical assessment of p53 and cyclin D1 levels,
reached the same conclusion, the lack of correlation
between p53 mutation and cyclin D1 expression. This
result is in agreement with the observations that p53
mutation may result in loss of the cell cycle effect of p53
and with the concept that the cyclin-CDK-pRB cascade is
disregulated in breast cancer.21
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