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A B S T R A C T  

A polymerase chain reaction-single strand conformation polymorphism 
assay was used to assess p53 mutations in 148 invasive breast carcinomas, 
selected on the basis of their histotype. They comprised 56 Iobular, 47 
ductal, 19 mucinous, 18 medullary, and 8 papillary carcinomas. The dis- 
tribution of p53 mutations was significantly different (P = 0.006) in the 
histotypes examined: mutations were frequent in medullary (39%) and 
ductal (26%), less common in Iobular (12%), and absent in mucinous and 
papillary carcinomas. The frequency of mutations in the exon 5 of the p53 
gene was significantly higher in medullary carcinomas than in the other 
histotypes: 5 (63%) of the mutations found in exon 5 were observed in 
medullary carcinomas (P - 0.012). One hundred twenty-two tumors from 
the total were also examined by immunohistochemistry for p53 overex- 
pression using antibody PAb 1801. A specific immunostaining in neoplastic 
cells was present in 12 tumors. A strong correlation (P < 0.001) was 
observed between p53 mutations and nuclear accumulation of the p53 
protein: 10 tumors were scored positive for both p53 mutation and over- 
expression. However, in 9 cases having a mutated p53 gene we failed to 
find a positive immunoreaction. A significant association (P = 0.01) was 
present between mutations in the p53 gene and high proliferative activity 
of the tumors determined by immunohistochemistry with monoclonal 
antibody Ki-67. Moreover, a significantly higher expression of the Ki-67 
antigen was found in medullary carcinomas compared to the other histo- 
types. Our findings indicate that in invasive breast carcinomas structural 
abnormalities of the p53 gene are mainly seen in medullary and ductal 
tumors and that the other histological types, especially those associated 
with a high level of differentiation and favorable prognosis, show a very 
low incidence of p53 mutations. 

I N T R O D U C T I O N  

The p53 gene was initially felt to act as a dominant oncogene, based 
on transfection experiments in mice (1-3). Further investigation in- 
dicated that the oncogenic activity of the gene depends on mutation of 
its coding sequence (4) and that the wild type version actually has a 
tumor suppressor function (5, 6). The p53 protein is known to bind to 
viral DNA-binding oncoproteins (e.g., SV40 large T, adenovirus E1B, 
and papilloma virus E6) (7) and recent studies suggest that it may 
function by regulating the G1-S phase transition of the cell cycle (8). 
Loss or inactivation of the p53 protein may lead to abnormal gene 
expression and ultimately deregulated cell growth. Mutations of the 

p53 gene are proving to be one of the most frequent genetic changes 
in a wide variety of human malignancies (9, 10). Several reports 
indicate that p53 mutations are clustered in the region of the gene 
encoded by the exons 5-8 which are known to contain blocks of 
highly conserved amino acids (10-12). The majority of p53 gene 
mutations (missense mutations) in addition to abolishing the tumor 
suppressor activity of the protein, also stabilize it (13) resulting in its 
accumulation in tumor cells which can be detected by immunohisto- 
chemical methods (14, 15). 
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p53 mutations and the resulting accumulation of the protein have 
been extensively studied in human breast cancer with many reports 

suggesting an association with well known indicators of high malig- 
nant potential, such us high proliferative activity, high histological 

grade, and absence of estrogen and progesterone receptors (16-23). 
Recently there have been two reports that p53 protein overexpression 
may represent an independent marker of poor prognosis in breast 

cancer patients (24, 25). Most of these studies, however, have con- 
centrated on invasive ductal breast carcinomas which constitute 65-  
80% of malignant breast neoplasms. Only a few cases of the less 

common histological types of breast cancer, some of which are known 
to have a relatively good prognosis, have been investigated for p53 
abnormalities (17, 26). Based on this consideration we decided to 

undertake a systematic analysis of p53 aberrations in different histo- 
logical types of breast carcinomas. A PCR-SSCP 3 assay (27) and an 

immunohistochemical staining were used to assess p53 mutation and 
p53 protein accumulation. 

M A T E R I A L S  AND M E T H O D S  

Tissues. One hundred forty-eight breast carcinomas were selected on the 
basis of their histotype in a series of 780 cases of breast cancer collected at the 
Institute of Pathological Anatomy and Histology of the University of Pisa 
during the period 1986-1991. Tumor samples and normal breast control tissues 
were frozen in liquid nitrogen within 10 min of excision and stored at -80~ 
Immediately adjacent pieces of tumor tissues were processed for diagnostic 
histopathology. The tumors selected for this study were pure histological 
variants of invasive breast carcinomas comprising 56 lobular, 47 ductal, 19 
mucinous, 18 medullary, and 8 papillary. Histological classification was as- 
sessed by light microscopy according to the World Health Organization Cri- 
teria (28). 

PCR-SSCP Analysis. The SSCP analysis was performed on PCR-ampli- 
lied genomic DNA to screen for point mutations in exons 5 through 8 of the 
p53 gene. The method was optimized as indicated by Spinardi et al. (29). The 
primers for PCR amplification were synthesized with a model 391A DNA 
synthesizer (Applied Biosystem) according to the published sequences (30): 
exon 5, sense: 5' TGACTITCAACTCTGTCTCCT and antisense: 5' TCAGT- 
GAGGAATGAGAGGCC; exon 6, sense: 5' CTGGAGAGACGACAGGG- 
CTG and antisense: 5' CCAGAGACCCCAGTFGCAAAC; exon 7, sense: 5' 
CTCGCGCACTGGCCTCATCTr and antisense: 5' TCAGCGGCAAGCA- 
GAGGCTG; exon 8, sense: 5' GGACAGGTAGGACCTGATITCCTFAC and 
antisense: 5' TGCACCCTTGGTCTCCTCCAC. 

The standard reaction mixture (10/xl) consisted of 10 mM Tris-HCl (pH 8.3), 
1.5 mM MgCla, 50 mM KC1, 0.01% (w/v) gelatin, 1.25 mM each of four 
deoxynucleotide triphosphates (Boehringer Mannheim Biochemica), 1 mM of 
each primer, 0.5/~1 of [ot-32p]dCTP (3000 Ci/mmol, Amersham, Arlington, IL), 
0.25 units of Taq DNA polymerase (Perkin-Elmer Cetus, Norwalk, CT), and 
100 ng of genomic DNA. The PCR reaction was carried out as follows: initial 
denaturation, 5 min at 94~ amplification, 2 min at 94~ 2 min at 58~ 3 min 
at 70~ for 30 cycles; elongation, 15 min at 72~ For the SSCP analysis, PCR 
products were diluted 40-fold with formamide-dye solution (95% formamide, 
20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol). A 4-/xl 
sample of the diluted reaction mixture was heated for 5 min at 90~ and 
electrophoresed on 6% neutral polyacrylamide gel with or without 5-10% 
glycerol. The electrophoreses were performed with 30 W of constant power for 
4-8 h at 4 or 20~ Gels were dried on 3MM Whatman paper and subjected to 

3 The abbreviations used are: PCR, polymerase chain reaction; SSCP, single strand 
conformation polymorphism; PBS, phosphate-buffered saline. 
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autoradiography. PCR was performed at least twice for each sample and only 
the reproducible cases were taken. 

Immunohistochemical Analysis. p53 protein expression was evaluated by 
immunohistochemistry using the monoclonal antibody PAb 1801 (Ab-2; On- 
cogene Science, Manhasset, NY) that recognizes a denaturation-resistant epi- 
tope between amino acid residues 32 and 79 (31, 32). The mean proliferative 
index of tumors was investigated by Ki-67 (Dakopatts, Danmark), a murine 
monoclonal antibody specific for a human antigen expressed by proliferating 
cells (33). Both antibodies were used at a final concentration of 250 ng/ml. 
Briefly, 5 /xm-thick frozen tissue sections were cut, air-dried, and fixed in 
acetone for 10 min. The sections were then washed in PBS and incubated 
overnight at 4~ with monoclonal antibody supernatant. Immunohistochemical 
staining was performed using the avidin-biotin-peroxidase complex technique 
(Vectastain ABC Kit; Vector Laboratories, Burlingame, CA). After the incu- 
bation with the primary antibody, slides were washed 3 times with PBS for 5 
min and blocked for 15 min in 10% normal horse serum. The slides were then 
washed in PBS and a biotinilated horse anti-mouse IgG antibody (1:500 in 
PBS) was added for 30 min followed by an incubation with avidin-peroxidase 
complexes for 1 h. Finally the slides were developed with 0,5% diaminoben- 
zidine in 0.05 M Tris buffer, pH 7.4, containing 0,5% hydrogen peroxide. The 
slides were then rinsed in tap water, counterstained with 5% hematoxylin, 
dehydrated, cleared in xylene, and mounted in permanent coverslipping me- 
dium. Positive controls were two known positive cases of human lung cancer. 
Negative controls were obtained by replacement of primary antiserum with 
buffer. Only tumors which exhibited intense nuclear staining throughout the 
malignant epithelium were categorized as overexpressing p53. 

Statistical Analysis. Contingency tables were used to examine the rela- 
tionship between mutations of the p53 gene and different histological types of 
invasive breast carcinomas. Statistical association was determined by X z analy- 
sis with Yates' continuity correction. A t test was used to compare the mean 
percentage of Ki-67 immunoreacting cells in tumors with normal or mutated 
p53. An analysis of variance test was used to compare the proliferative activity 
in the different histotypes examined. All statistical analysis were performed by 
the StatView 512+ software (Brainpower). 

R E S U L T S  

The highly conserved regions of  the p53 gene, exons 5---8, were 

amplified by PCR separately using intronic primers to yield fragments 

with nucleotide lengths of  290, 184, 209, and 237, respectively. Al- 

tered mobilities of  amplified DNA fragments, indicating a structural 

aberration of  the p53 gene (Fig. 1), were observed in 26 (18%) of  the 

148 tumors examined (Table 1). Tumor  217/88 (infiltrating ductal) 

showed a double mutation in exons 5 and 6. No allele loss was 

observed in this tumor by restriction fragment length polymorphism or 

SSCP analysis, suggesting that two independent  mutations have inac- 

tivated both p53 alleles. However, these results do not exclude the 

possibility that both mutations are located on the same allele. Eight of  

the 27 mutations were found in exon 5, 7 in exon 6, 6 in exon 7, and 
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Fig. 1. PCR-SSCP analysis of exons 5-8 of the p53 gene in breast cancer samples. 

Arrows, bands with mobility shift. 

Table 1 p53 mutations and overexpression in different histological types of invasive 
breast carcinomas 

p53 p53 
Sample no. Histotype m u t a t i o n  overexpression a 

124/86 Lobular Exon 7 40 
242/87 Lobular Exon 6 
321/87 Lobular Exon 7 60 
170/88 Lobular Exon 8 
272/88 Lobular Exon 6 
199/89 Lobular Exon 6 NA b 
102/90 Lobular Exon 8 10 
81/91 Lobular 20 
5/88 Medullary Exon 5 80 
39/88 Medullary Exon 8 NA 
295/88 Medullary Exon 5 80 
216/89 Medullary Exon 7 
132/90 Medullary Exon 5 80 
145/90 Medullary Exon 5 
181/90 Medullary Exon 5 90 
122/86 Ductal Exon 8 70 
123/86 Ductai Exon 7 NA 
144/87 Ductal Exon 6 NA 
174/87 Ductal Exon 7 NA 
235/87 Ductal Exon 8 
259/87 Ductal Exon 5 NA 
267/87 Ductal Exon 6 90 
271/87 Ductal Exon 5 
127/88 Ductal Exon 7 10 
217/88 Ductal Exon 5 + exon 6 
264/88 Ductal 8 
281/88 Ductal Exon 8 NA 
238/89 Ductal Exon 6 

'2 Percentage of immunoreactive cells. 
b NA, not available. 

6 in exon 8. The frequency of  mutations in exon 5 of  the p53 gene was 
higher in medullary carcinomas than in the other histological variants: 

5 (63%) of  the 8 mutations in exon 5 were observed in medullary 

carcinomas (P  = 0.012). The distribution of p53 mutations was sig- 

nificantly different (P  = 0.006) in the histotypes examined (Table 2): 

mutations were frequent in medullary (39%) and ductal (26%); less 

common  in lobular (12%); and absent in mucinous and papillary 

carcinomas. To exclude the possibility that a shift in the electropho- 

retic mobility of  the amplified exon 6 fragment was due to the pres- 

ence of  a polymorphism (34), the SSCP analysis for exon 6 was 

repeated with tumor samples loaded side by side with the correspond- 

ing normal breast tissue. 

One hundred twenty-two tumors from the total were also examined 

by immunohis tochemist ry  for p53 overexpression using antibody PAb 
1801. A specific immunostaining in neoplastic cells was observed in 

12 tumors (Table 1). The percentage of  cells with accumulated p53 

protein ranged from 8 to 90%, and the intensity of  the immunoreact ion 

was strong in all cases (Fig. 2). There was no reaction in normal breast 

epithelium nor stromal cells. A strong association (P  < 0.001) was 

present between p53 mutations and overexpression: 10 (83%) of  the 

tumors having a nuclear accumulation of  the p53 protein were scored 

positive for p53 abnormalities by PCR-SSCP. 
To determine the relationship between mutations of  the p53 gene 

and proliferative activity of  the tumors, we performed an immunohis-  
tochemical analysis using the Ki-67 monoclonal  antibody which de- 

Table 2 p53 mutations in relation to histological types of infiltrating breast carcinomas 

No. of p53 
Tumor type No. of cases mutations (%) P value 

Medullary 18 7(39%) 
Ductal NOS 47 12(26%) 
Lobular 56 7(12%) 
Mucinous 19 0 (0%) 
Papillary 8 0 (0%) 
Total 148 26(18%) 

0 . 0 0 6  a 

a Significant differences between single histotypes: medullary versus mucinous, P < 
0.01; medullary versus lobular, P < 0.03; ductal versus mucinous, P < 0.02. 
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Fig. 2. Immunohistochemical staining for the 
p53 protein in different histotypes of invasive 
breast carcinomas: A, medullary; B, ductal; C, lobu- 
lar. The majority of neoplastic cells show a nucleus- 
restricted staining. Normal stromal and lymphoid 
cells are unstained (• 250). 

tects an antigen specific for proliferative cells (33). The mean per- 
centage of immunoreacting cells was higher [16.727 +_ 4.5 versus 
7.948 +_ 1.3 (mean ___ SE); P = 0.01] in tumors scored positive forp53 
mutations by PCR-SSCP. Moreover, the mean percentage of prolif- 
erative cells was different (P < 0.001) in the histotypes examined; 
specifically, we found a significantly higher expression of the Ki-67 
protein in medullary carcinomas compared to the other histotypes 
(Table 3). A significant difference in the proliferative activity was also 
observed between ductal and lobular carcinomas. 

DISCUSSION 

The aim of this study was to investigate the frequency of p53 
mutations in breast carcinomas in relation to histological tumor type. 
Most of the previous papers on p53 mutations in breast cancer were 
carried out mainly on invasive carcinomas of the ductal type, not 
otherwise specified (20-23). Occasional examples of the less common 
histotypes have been studied for p53 abnormalities, but the number of 
cases used was too low to draw statistically significant conclusions 
(17, 26). The largest number of uncommon histotypes of breast cancer 
investigated for p53 alterations was reported by Davidoff et al. (17). 

Table 3 10-67 expression in different histological types o f  invasive breast carcinomas 

Histotypes Ki-67 expression a P value 

Medullary 23.6 --- 5.0 
Ductal 13.1 --- 3.7 
Mucinous 8.0 • 2.5 
Papillary 4.8 • 1.8 
Lobular 4.6 -+ 0.7 

P < O.OOl b 

a Mean percentage of immunoreacting cell. 
b Significant differences between single histotypes: medullary versus lobular, P < 

0.001; medullary versus mucinous, P < 0.01; medullary versus papillary, P < 0.01; 
medullary versus ductal, P < 0.05; ductal versus lobular, P < 0.05. 

They found an accumulation of the p53 protein in 44 (27%) of 166 
infiltrating ductal, 2 (29%) of 7 infiltrating lobular, 3 (60%) of 5 
medullary, whereas no p53 overexpression was found in 2 mucinous 
carcinomas. 

Given the possible prognostic implications of mutations in the p53 
gene, we were particularly interested in their incidence in those his- 
tological types of breast tumors which are associated with a relatively 
good prognosis. Among the different histotypes of breast carcinomas 
considered in this study the medullar, mucinous, papillary and, in a 
lesser extent, classic lobular are regarded as prognostically favorable 
variants (35). The relatively good prognosis associated with specific 
histological types has been found to apply only to those tumors 
composed entirely or, in very large part, of the designed pattern (35). 
For this reason, only pure histological variants of breast carcinomas 
were included in this study. Our results indicate that, with the excep- 
tion of medullary carcinomas, the uncommon histological types of 
breast cancer show a low incidence of p53 mutations; specifically, we 
did not find mutations in those histological types (mucinous and 
papillary) which are associated with high differentiation and favorable 
prognosis. 

An intriguing question is the relatively high frequency of p53 
abnormalities in medullary carcinomas. Since mutations of the p53 
gene have been correlated with a high S-phase fraction (19) and 
medullary carcinomas are known to be associated with a high growth 
rate (36, 37), we decided to evaluate the proliferative activity in all of 
the tumors examined. Our measure of proliferative index of the tu- 
mors was the fraction of cells staining positive for the Ki-67 antigen. 
Comparing the data reported in Tables 2 and 3, it appears evident that 
the distribution of p53 mutations in the different histotypes of breast 
carcinomas follows (excepting lobulars carcinomas) the distribution 
of the Ki-67 protein expression. In particular, the mean percentage of 
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p53 AND HISTOLOGICAL TYPES OF BREAST CARCINOMAS 

Ki-67 immunoreacting cells as well as the frequency of p53 mutations 
were significantly higher in medullary carcinomas than in other his- 
totypes. Moreover, we have found a higher level of expression of the 
Ki-67 protein in tumors having mutations of the p53 gene. Taken 
together, these results suggest that the high frequency of p53 muta- 
tions in medullary carcinomas may be related to the intense prolif- 
erative activity observed in these tumors. However, despite the high 
proliferation index, which is usually considered as an indicator of 
malignant potential, medullary carcinomas are regarded as a progn0s- 
tically favorable variant (38-41). It has been suggested that the diffuse 
lymphoplasmacytic infiltrate, which characterizes such a histotype, 
may account for the good prognosis representing a host reaction to 
tumor cell antigens (42). We speculate that the mutated p53 protein 
may represent one of these antigens. In fact, it has been recently 
reported that p53 genes mutated in exons 5 and 6 encode proteins 
which bind heat shock protein 70 and that this binding is associated 
with a p53 specific immuno-response (43). In this regard, it is perti- 
nent that in our panel of tumors 5 out of the 7 medullary carcinomas 
with an altered p53 had the mutation in exon 5. 

Since frequency data about p53 mutations revealed by molecular 
techniques were available only for invasive ductal carcinomas, 47 not 
otherwise specified breast carcinomas were included in this study as 
a technical control. Twelve invasive tumors of the ductal type (26%) 
showed altered mobilities of the p53 amplified fragments, indicating 
a structural aberration of the gene. Similar frequencies were reported 
by others on this common histotype of breast tumor when the same 
methodological approach was used (22, 44). 

Overexpression of the p53 protein was found using antibody PAb 
1801 in 12 (10%) of the 122 tumors examined. We observed a high 
degree of concordance (P < 0.001) between the presence of a PCR- 
SSCP abnormality and a positive immunostaining: 10 tumors were 
scored positive for both p53 mutation and overexpression. However, 
in 9 cases having a mutated p53 gene, we failed to find a positive 
immunoreaction. A possible explanation is that these cases may rep- 
resent mutations causing translation stop signals. Non-sense, splicing, 
and deletion mutants have been described that would result in absence 
of p53 immunostaining (45). Moreover, it has been recently suggested 
that point mutations may not stabilize the protein sufficiently for its 
level to reach detectability by immunohistochemistry (46). Finally, it 
should be considered that we performed the immunohistochemical 
analysis using only the PAb 1801 monoclonal antibody. Although the 
PAb 1801 is widely recognized as one of the best commercially 
available antibodies for the detection of p53 cellular accumulation by 
immunohistochemistry, the possibility that the use of other antibodies 
might allow to detect additional cases with p53 overexpression can not 
be dismissed. In only 2 tumors (81, lobular; 264, ductal) a positive 
immunostaining was observed in the absence of a PCR-SSCP abnor- 
mality. There are several potential reasons that molecular and immu- 
nohistochemical data are not concordant in these tumors: (a) The 
PCR-SSCP is one of most sensitive techniques available for the de- 
tection of point mutations (12); however, the sensitivity of the method 
may be insufficient in particular cases. For instance, in tumor 264 
there was a very low fraction of p53 immunoreacting cell, possibly too 
low for detection by PCR-SSCP. (b) A mutation could be present 
outside the "hot spot" regions of the p53 gene investigated in this 
study. (c) The accumulation of p53 may be brought about by other 
mechanisms, besides the presence of a missense mutation (46, 47). 

In conclusion, our findings indicate that in invasive breast carcino- 
mas p53 alterations are mainly seen in medullary and ductal tumors, 
and that the other histological types, especially those associated with 
a high level of differentiation and favorable prognosis, show a very 
low incidence of p53 mutations. 
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