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Abnormalities in the TP53 tumour suppressor gene were evaluated in 106 unselected breast carcinomas 
and compared to clinical outcome of the disease. Turnouts were screened for p53 abnormalities using 
immunohistochemical staining and polymerase chain reaction-constant denaturant gel electrophoresis 
(PCR-CDGE) analysis, followed by PCR and direct sequencing. Allelic loss at the TP53 locus was determined 
with polymorphic markers by comparing normal and tumour DNA. For approximately half of the patients, 
abnormal p53 protein expression in serum was determined by an ELBA assay. p53 abnormalities, detected as 
mutations and/or nuclear staining, were found in 37.6 (38/101) of cases. Nuclear staining for ~53 protein could be 
identified in 33.7% of the tumours. Mutations in exons S-8 were detected in 18.9% of the tumours, and an 
association was found between mutations and nuclear staining. Allelic loss in the TP53 region on 17p was more 
frequent in tumours showing changes in the TP53 gene (72.7%) compared to tumours with no mutation (45.8%). 
Serum levels of p53 antibodies showed no association with either TP53 mutations or nuclear staining. Women 
with TP53 mutations in their tumours had an elevated risk of dying during the study period (RR (relative risk) = 
3.4, P = 0.014). The effects of ~53 positive staining were similar (RR = 3.2, P = 0.013). Considering all 

abnormalities, mutation and/or staining, the relative risk of dying from breast cancer was 3.5 (P = 0.008). 
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INTRODUCTION 
ABNORMALITIES IN the TP53 gene are among the most commonly 
reported genetic changes in malignant tissue, and are thought to 
play an important role in many types of cancer [ 11. Over- 
expression of the p53 protein and/or mutation of the TP53 
tumour suppressor gene has been demonstrated in a variety of 
human malignancies, including cancer of the breast, colon and 
lung [2]. Germline changes in the TP53 gene have been found 
in patients with the Li-Fraumeni cancer syndrome [3]. The 
human TP53 gene is located on the short arm of chromosome 17 
and encodes a 393 amino acid phosphoprotein, expressed in 
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normal cells at a low level [4]. The ~53 protein has been 
implicated in DNA repair and synthesis, cell differentiation and 
apoptosis. Recent studies have suggested that ~53 may be 
involved in cell-cycle control, invoked by DNA damage. Cells 
with abnormal p53 do not show the normal Gt arrest, necessary 
for repair, after exposure to ionising radiation [S]. 

The level of ~53 protein is regulated both by RNA transcrip- 
tion control and a short protein half-life (10-30 min) [6]. Due to 
its short half-life, the wild-type ~53 protein is not detected in 
tumours, but mutations in the TP53 gene may result in a 
biologically altered protein, with increased stability and accumu- 
lation, which is detectable by immunohistochemical methods 
[6]. Other mechanisms may also alter the stability of the protein. 
Binding of the MDM2 protein and a number of viral proteins 
appear to stabilise ~53 [7-lo]. 

The TP53 gene has five domains that are highly conserved 
throughout evolution [ 111. TP53 mutations in tumours tend to 
cluster in these conserved regions or “hot-spots” suggesting that 
tumorigenesis selects for expression of a mutant protein altered 
in a defined region [9]. Allelic loss on the short arm of chromo- 
some 17 has been reported to occur in 5&70% of breast cancers, 
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suggesting inactivation of a tumour suppressor gene. This is a 
much higher frequency than could be explained by the mutations 
found in the TP53 gene (15-40%) [8]. Studies have indicated 
the presence of a second tumour suppressor gene that might be 
involved in breast cancer, more distal than the TP53 gene, on 
17~13.3, which might account for some of the allelic loss found 

[121. 
Serum levels of p53 antibodies are raised in a small percentage 

of cancer patients indicating a mutation in the TP53 gene in the 
tumours. Autoantibodies against human p53 protein have been 
described in P-15% of serum samples from breast cancer patients 
[ 13, 141. A study by Caron de Fromentel and coworkers demon- 
strated circulating p53 antibodies in serum of children with a 
variety of cancers [15]. An association has been found between 
p53 antibodies in serum and the type of TP53 mutation, p53 
protein staining in tumours or poor prognosis [ 141. It has been 
shown that mutation in the TP53 gene is an independent marker 
of shortened survival and an indicator of poor prognosis in breast 
cancer patients [16-191. The same has been shown for p53 
protein abnormalities detected as increased nuclear staining 
[20, 211. In order to examine the relationship between TP53 
mutations and p53 positive staining, we screened the same 
samples with both methods. We have previously shown a 
significant association between TP53 mutations in breast 
tumours and shortened survival [16]. This is a follow-up study 
on the same material, extending the area analysed for mutations 
and adding protein staining data, as well as screening serum 
from the same patients for antibodies against the p53 protein. 
The abnormalities are compared to clinicopathological para- 
meters including nodal status, tumour size, oestrogen and 
progesterone receptor status, age at diagnosis and survival. 

Patients 
PATIENTS AND METHODS 

One hundred and six non-selected invasive breast carcinomas 
were collected over a 4 year period, 101 primary tumours and 
five metastases. Tumours were snap-frozen and homogenised, 
and DNA was extracted from tumour tissue and peripheral 
blood using standard phenol-chloroform methods. The mean 
age of patients was 58.9 years (range 33-94) compared to a mean 
age of 59.4 years for Icelandic breast cancer patients over a 
period of 30 years [22]. Information on clinical parameters for 
the group was collected from. the Department of Pathology, 
University Hospital of Iceland and the Icelandic Cancer Regis- 
try, and used in multivariate analysis. Follow-up time was 3-64 
months, mean 44 months, measured from date of diagnosis to 
end of study or death from breast cancer, whichever came first. 

Zmmutwhistochemical analysis 
Immunohistochemical analysis was performed on 5 Frn sec- 

tions of formalin-fixed, pa&in-embedded tissue from the same 
patients. The tissue samples were fixed for l-2 days in 10% 
formalin. Two antibodies were used; CM-l and DO-l. CM-l is 
a rabbit polyclonal antibody a.gainst human p53 protein [23]. 
The antibody was diluted l:lOOO, the sections incubated with 
the antibody overnight at 4°C and detected using the 
peroxidaeantiperoxidase method. DO-1 is a monoclonal anti- 
body that recognises the N-terminus of the p53 protein [24]. 
The antibody was used at a dilution of 1:30, incubated at 4°C 
overnight and an incubation with a second, biotinylated antibody 
was performed for 30 min. The reaction was then labelled with 
a streptavidin-biotin complex and detected by immunoperoxid- 
ase-labelling. A sample of breast carcinoma with a known TP53 

mutation and positive staining reaction with the monoclonal 
anti-p53 antibody PAb1801 served as positive control and sur- 
rounding normal mammary tissue was an internal negative 
control in each case. All slides were read independently by three 
investigators. Staining was scored as positive if > 5% of cancer 
cells showed clear nuclear staining and the staining intensity was 
indicated by + (weak) and + + (strong). Cytoplasmic staining 
alone was not recorded as positive. 

Mutational analysis 
DNA from tumours was screened for mutations in the TP53 

gene by the polymerase chain reaction-constant denaturant gel 
electrophoresis (PCR-CDGE) method, and the exact nature of 
the mutation determined by PCR and direct sequencing [25]. 
Samples were screened for mutations in the conserved domains 
in exons 5-8 of the TP53 gene. PCR conditions, constant 
denaturant electrophoresis and sequencing conditions were as 
described previously [ 161 except for exon 6 [26]. All samples 
showing aberrantly migrating bands in the CDGE gel for exon 6 
were analysed for a neutral TaqI polymorphism in codon 213 
[27] by PCR and restriction enzyme digestion. 

Allelic loss 
Loss of heterozygosity was examined by standard Southern 

blotting and hybridisation methods for four different markers 
on chromosome 17p [28] and three PCR polymorphic markers. 
Three of the probes map to 17~13.3: pYNZ22 (Dl7S5), 
pYNH37.3 (D17S28) and ~14406 (D17S34). Four markers 
map to the TP53 locus at 17~13.1: an intragenic TP53 probe 
pBiYTP53 (TP53, [29]), two microsatellite markers at the TP53 
locus [30] and a PCR amplified AccII polymorphism within the 
TP53 gene [31]. The markers were informative for 55-90% of 
cases. 

Analysis of p53 antibodies in serum 
Serum levels of the p53 protein antibody were measured for 

47 of the patients where serum was available, using the ELISA 
assay according to the manufacturer’s instructions, in samples 
taken on the day of surgery. Samples for testing were selected 
on the basis of the results already obtained with mutational 
analysis and immunohistochemistry to include representative 
samples from each of the following four categories: mutation 
present and staining reaction positive; mutation absent and 
staining reaction positive; mutation present and staining reaction 
negative; and mutation absent and staining reaction negative. 

Statistical methods 
(X-square test and Fisher’s exact test were used to test the 

significance of difference between two proportions. All P-values 
used were two-sided, using 5% confidence limits. Multivariate 
evaluation of the survival data was performed using the Cox 
proportional hazards model [32]. The risk of dying was estimated 
after taking into account the effects of TP53 mutation, p53 
positive staining, nodal status, tumour size, and age at the 
time of diagnosis. Data from 86 of the patients with primary 
carcinoma filled the criteria for the multivariate analysis. Covari- 
ates were selected in a stepwise manner, using the maximum 
likelihood ratio and the statistical package BMDP (BMDP 
Statistical Software, Los Angeles, California, U.S.A.). 

RESULTS 
One hundred and one primary tumours were analysed for 

abnormal p53 protein expression. Increased protein expression, 
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with one or both antibodies used, was seen in 34 tumours 
(33.7%). Positive staining was found more often with the 
polyclonal antibody CM-l. Staining with DO-1 was usually 
weaker in intensity but easier to interpret because this antibody 
gave no cytoplasmic staining (Table 1, Figure 1). Heterogeneity 
was seen in many tumours, i.e. an area of the tumour would be 
strongly stained for ~53 protein while another, clearly malignant, 
would be negative. In some cases, the latter areas appeared to be 
better differentiated. Cytoplasmic staining was found in few 
samples only with the polyclonal antibody, and never found 
exclusively in malignant cells. Cells were only scored as positive 
if specific staining was found in the nucleus. 

One hundred and six tumours were analysed for TPS3 
mutations, 101 primary tumours and 5 metastases or recur- 
rences. We have previously published results of mutation analy- 
sis in exons 5,7 and 8 in this set of tumours [ 161. In the present 
study, we screened through exon 6 with CDGE and found 
mutations in two additional samples. A total of twenty mutations 
(18.9%) were detected. A wide range of mutations was found 
including four transversions, 11 transitions and five deletions. 
The mutations found by CDGE could all be confirmed by 
sequencing. All cases were also anslysed for germ line changes 
but none were found. Table 2 shows the results of mutational 
analysis, protein staining and results of the ELISA assay. 

The 14 tumours with missense mutations, leading to an amino 
acid change, all showed positive nuclear staining. The five 
tumours with a nonsense or frameshift mutation showed no 
protein expression. No tissue was available for protein staining 
from one case. The association between TP53 mutation and ~53 
positive staining was highly significant (P < 0.0001) (Table 2). 
Of 101 samples analysed for both mutations and staining, 38 
were shown to have ~53 abnormalities (37.6%). 

In nineteen of the mmours with ~53 positive staining, no 
mutation was detected in exons 5-8. In four of these tumours, 
high levels of ~53 expression were seen with both antibodies. 
The remainin g 15 tumours had detectable staining but in a 
smalIer percentage of cancer cells. In some cases, only a fraction 
of the tumour cells showed staining; in other cases faint staining 
was detected in most cells. In 9 of the 15 samples, staining was 
only detectable with the polyclonal antibody. 

Allelic loss with chromosome 17p markers was detected in 
55% of informative tumours. Of the tumours positive for TP53 
mutation, 72.7% showed loss of heterozygosity for at least one 
of the four TP53 markers tested as compared to 45.8% of the 
non-mutated tumours. This difference was also seen when 
staining data were included (71.4% and 38.X%, respectively). 
We also detected increased allelic loss at the more distal marker 
on chromosome 17p in ~53 abnormal tumours. Allelic loss at the 

Table 1. Results of staining wizh monoc,!unaE antibody DO-l mrd 
polyclonal antibody CM- 1 

?a (%) 

DO-l (n = 96) 
Negative staining 

Positive staining 
CM-1 (n = 101) 

Negative staining 
Positive staining 

Total positive (n = 101) 

76 (79.2) 
20 (20.8) 

68 (67.3) 
33 (32.7) 
34 (33.7) 

Figure 1. lmmunostaining of breast carcinomas with antibodies to 
the ~53 protein. The sections were counterstained with haematoxylin. 
(a) invasive ductal carcinoma showing strong nuclear staining with 
polyclonal antibody CM-l. Mutation in codon 273 in the T’3gene. 
(b) Invasive breast carcinoma showing stcoag nuclear staining with 
monoclonal antibody DO-l. Mutation in codon 241 in the Tp53 gene. 
(e) Invasive ductal carcinoma with fewer stained nuclei. Mutation in 
codon 273 in the TP53 gene. Using the antibody CM-l, staining was 

detected in some cells but others, clearly malignant, are negative. 
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Table 2. Comparison of TP53 mutations and protein staining data 

Sample 
no. 

Codon ~53 serum 
Exon no. no. Base change Amino acid change Immunostaining antibodies* 

11 5 144 CAG > TAG gln- > stop 
31 5 151-152 5c > 4C frameshift, 1 base del. 

103 5 163 TAC > TGC tyr- > cys 
44 5 173 GTG > TTG val- > leu 

6 5 175 CGC > CAC arg- > his 
107 5 182 TGC>-GC frameshift, 1 base del. 
43 6 205 TAT > TCT tyr- > ser 
84 6 210 AAc>AA- frameshift, 1 base del. 
63 7 237 ATG > ATA met- > ile 
83 7 241 TCC > TTC ser- > phe 
41 7 248 CGG > CAG arg- > gln 
48 7 248 CGG > CAG arg- > gln 
70 7 248 CGG > CAG arg- > gin 

1 7 249 AGG > AGT arg- > ser 
42 8 262 GGT>-- frameshift, 14 bases del. 
36 8 273 CGT > TGT arg- > cys 
95 8 273 CGT > TGT arg- > cys 
20 8 282 CGG > TGG arg- > trp 

102t 5 141 TGC>TTC cys- > phe 

55t 7 251 ATC > A-C frameshift, 1 base del. 

- 
_ 

++ 
+ 

++ 
- 
+ 
- 
+ 

++ 
+ 

++ 
+ 

++ 
- 

++ 
++ 
++ 
+ 

ND 

ND 
0.29 
0.34 
ND 
0.41 
0.25 
0.31 
1.17 
0.42 
0.38 
0.27 
0.32 
0.45 
ND 
0.61 
0.14 
0.79 
1.48 
0.21 
0.30 

ND = not done. *Average of duplicates measured by ELISA as ngknl; tSamples 102 and 55 are from recurrent breast 
carcinomas. 

more distal markers was 61.5% for the mutated tumours as 
compared to 41.0% loss in the non-mutated turnouts. 

We used a mutant-selective ELISA assay to measure the 
amount of circulating p53 antibodies in serum from the same 
patients. Serum levels of p53 protein antibodies ranged from 
0.08 to 2.80 ngiml (mean 0.50 ng/ml). No association could 
be detected between serum levels and either positive protein 
expression or the presence of TP53 gene mutation in the tumour 
(Table 2). 

p53 abnormalities were compared to clinical factors such as 
tumour type, tumour size, node status and hormonal receptor 
status. There was a strong association between TP53 mutations 
and lack of oestrogen receptors (P < 0.001) and the same 
was true for the group of tumours with p53 positive staining 
(F < 0.01). No apparent association was found with the other 
clinical factors analysed (Table 3). 

The variables used for the multivariate survival analysis were: 
age at diagnosis, nodal status, tumour size, TP53 mutation and 
p53 positive staining. Information on 86 patients with primary 
breast cancer fulfilled the criteria set by the programme. At the 
end of the study time, 19 of thiese had died from breast cancer. 
Follow-up time was 3-64 months, mean 44 months. Patients 
with tumours larger than 2 cm had a significantly increased risk 

of dying from breast cancer (P = 0.004; RR = 5.8). There was, 
however, no association between tumour size and either TPS3 
mutation or p53 positive staining (I’ = 0.68 and P = 0.86, 
respectively; Table 3). Women with TP53 mutations had an 
elevated risk of dying during the study period (P = 0.014) 
showing a relative risk of dying of breast cancer of 3.4. We also 
found a significant association between p53 protein staining 
and survival (P = 0.013 and RR = 3.2). This was even more 
significant when looking at all patients with p53 abnormalities, 
i.e. either TP53 mutation in the tumour or positive staining 
(P = 0.008 and RR = 3.5). The Kaplan-Meier survival curves 
further support the importance of p53 abnormalities in pre- 
dicting survival (Figure 2). 

DISCUSSION 
In this study, we compared the results of immunostaining and 

mutation analysis for the assessment of p53 abnormalities in 
breast tumours. We found a strong association between TPS3 
mutation and positive p53 staining, although both methods 
missed some abnormalities. 

We used the CDGE method for mutation analysis and found 
mutations in 18.9% of tumours by screening through the four 
exons of the TP53 gene where the majority of mutations in 

Table 3. Association between clinical factors andp53 abnormalities 

Oestrogen receptor 
Positive Negative 
(n = 79) (n = 22) 

Progesterone receptor 
Positive Negative 
(n = 75) (n = 25) 

Node status Tumour sire 
Positive Negative I2cm >2cm 
(n = 56) (n = 34) (n = 34) (n = 64) 

TP53 mutation 9 10* 11 8 13 6 5 13 
~53 positive staining 21 13t 22 12 20 13 11 21 

*r < 0.001; tP < 0.01. 
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Figure 2. Survival curves. (a) Relationship between TP53 mutation 
and breast cancer survival. (b) Relationship between abnormal ~53 

staining and breast cancer survival. 

tumours have been detected. Immunohistochemical staining 
revealed changes in ~53 protein in 33.7% of these same tumours. 
Others have reported p53 abnormalities, mutations and/or pro- 
tein staining in 15-45% of breast tumours [20, 25, 33-341. In 
our study, all tumours with TP53 mutations, leading to an 
amino acid change, showed positive staining with antibodies 
against the ~53 protein. As would be expected, no staining was 
detected in tumours with nonsense of frameshift mutations. In 
19 of the tumours that showed positive staining, no mutation 
could be detected. This might be due to mutations in codons 
outside the amplified regions or in exons outside the screening 
area. Approximately 10% of mutations in the TP53 gene have 
been found in exons 14 or 9-l 1 [lo]. In addition, mutations in 
splice sites or control regions cannot be detected by exon 
amplification. Mutations in other genes, coding for proteins 
involved in the TP53 pathway, could also stabilise the p53 
protein [35]. At present, immunohistochemistry is the most 
widely used method for screening for p53 alterations in cancer. 
Tumours that do not stain for ~53 are not necessarily non- 
mutated. As mentioned above, not all TP53 mutations lead to 
protein accumulation. In addition to lack of protein staining in 
tumours with nonsense and frameshift mutations, it has been 
shown that protein staining is less common in higher grade 
tumours. This may be due to a loss of both copies of the TP53 
gene in more advanced tumours [36]. 

Only four of the 19 TP53 mutation negative tumours showed 
strong nuclear staining with ~53 antibody. The remaining 15 
tumours stained weakly and often only with the polyclonal 
antibody. Tumours of the breast have a very heterogeneous cell 
population. In many tumours, clear positive staining was seen 
in only an area of the tumour cell population while the rest was 
negative. This pattern has also been noted by others [34, 361. In 
our material, the tumour sections used for protein staining were 
obtained from paraffin-embedded tissue whereas the DNA for 
mutation analysis came from fresh tumour samples. It is, 
therefore, possible that the tumour cell populations studied for 
protein staining and mutation analysis were not exactly the same. 

In this study, we detected frequent allelic loss on the short 
arm of chromosome 17 in the tumours. The loss was most 
commonly found with markers close to the TP53 gene in ~53 
abnormal tumours. This is in accordance with the theory that 
TP53 is a tumour suppressor gene, i.e. inactivation of one allele 
of the gene by mutation and loss of the wild-type allele by 
chromosomal deletion is needed for tumorigenicity. Interest- 
ingly, we also detected a high frequency of deletions with 
17~13.3 markers. In only four of our cases, informative for 
markers in both regions, was allelic loss restricted to 17~13.3. 
None of these tumours had a TP53 mutation, indicating a 
different target for this allelic loss. Most of our TP53 mutant 
samples with allelic loss at 17~13.3, also showed loss in the TP53 
area. 

We could not find any association between levels of ~53 
antibody in serum and either protein expression in tumour tissue 
or mutations. Other studies have found raised ~53 antibodies in 
serum from cancer patients, but only in a low percentage of 
patients [H-15]. Measuring ~53 antibody in serum by ELISA, 
therefore, does not appear to be sensitive enough to be of use in 
clinical screening. 

Examining clinical parameters, we found an association 
between ~53 abnormalities and lack of oestrogen receptor in the 
tumours. The presence of oestrogen receptors has previously 
been related to a more favourable prognosis [16, 19, 371. Pati- 
ents with ~53 abnormalities in their tumour have a 3.5 times 
higher risk of dying of the disease than those with normal ~53. 
We also found an association between tumour size and survival, 
but ~53 abnormalities were not associated with tumour size. The 
effect of ~53 on survival can, therefore, not be explained as an 
association with large and more advanced tumours. 

It has been suggested that cells with non-functional ~53 have 
a selective growth advantage and that this will enhance clonal 
expansion of these tumour cells. This may result in a clone of 
more aggressive tumour cells, leading to decreased disease-free 
survival and lower overall survival rates. 

Abnormalities in the TP53 gene are the most frequent changes 
found in human cancers, and it is becoming increasingly clear 
that these changes are of prognostic significance. It is, therefore, 
essential that screening methods are accurate and efficient. Even 
though staining detects additional cases that are not detected 
by mutation analysis, it misses an important fraction of ~53 
abnormalities. It is worth noting that at the end of the study 
period, only 2 of the 6 patients with deletions or stop codon 
mutations are alive or disease-free (3 patients have died from 
breast cancer and one has metastatic disease). Of the 19 mutation 
negative, staining positive cases, 12 are alive. Of these cases, 3 
of the 4 who had strong staining have died of the disease. These 
are, as yet, too few cases for us to draw any firm conclusions but 
the results indeed show an important trend. 

Our results, using multivariate survival analysis, show that 
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TP53 mutations, or ~53 staining in tumours are important 
prognostic markers for breast cancer. We conclude that the 
patients with a TP53 mutation and/or positive ~53 staining in 
their tumours are at higher risk of death from breast cancer than 
patients without ~53 abnormalities. The results of this study 
confirm our previous findings that p53 alterations are associated 
with poor prognosis in breast cancer. 
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