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Abstract. This study was undertaken to determine the expres-
sion of p53 gene in cytologic specimens from benign and
malignant breast lesions. To detect p53 an immunocytochemi-
cal assay with p53 (pAb421) monoclonal antibody was used.
Abnormalities in p53 expression were found in 19 out of 40
Fine Needle Aspiration (FNA) smears with infiltrating ductal
breast carcinomas. Benign epithelial breast cells obtained from
fibroadenomas, fibrocystic disease and smears from nipple
discharge reacted negatively for p53 in 38 out of 39 cases.
Moderate positive reaction, confined to a few clusters of
epithelial cells, was observed in one smear of fibroadenoma
with cellularity. The results recorded in this study show that no
significant association was found between p53 staining and
stage of disease, tumor size or nodal status and that the
immunocytochemical assay represents a simple method for the
detection of p53 associated proteins in breast lesions.

Breast cancer is a common disease in women in developed
countries. Expression of several oncogenes, including c-ras
and c-myc is abnormal in breast cancer (1, 2, 3) and allele loss
at chromosome 17p region has frequently also been seen (4).
In the effort to understand oncogenic mechanisms, interest
has recently been focused on the role of recessive oncogenes
(also called tumor or onco-suppressor genes) which control
the growth of normal cells and whose absence or neutraliza-
tion leads to cell transformation (5). The human p53 gene lies
in the 17p chromosome region, a site of allele loss in many
human cancers (6, 7), suggesting that this region is the site of
an important onco-suppressor gene. p53 is a nuclear 375-
amino-acid phosphoprotein which was first discovered in
1979 because it formed a tight complex with the major
transforming protein of the SV40 virus, the large T-antigen
@8, 9).
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Normal p53 acts as an onco-suppressor gene in murine
model systems (10) but various point mutations within the
coding region of the murine gene can convert it from a
recessive to a dominant oncogene (11). The mechanism of
mutant p53 action may involve changing aminoacid residues
which have been highly conserved in evolution (12), binding
to and neutralizing the normal p53 (13), and may depend on
the level of expression of the remaining normal p53 gene
(14). Several methods have been used to assess p53 mutations
in human tumors but assessing p53 at a protein level would be
the best approach, since mutations in p53 often increase the
half life of the mutant protein which can be detected by
immunoprecipitation or immunocytochemical methods (15).

In the present study an immunocytochemical assay was
carried out using p53 pAb421, a mouse monoclonal antibody
reactive with mammalian p53 oncogene encoded proteins, to
evaluate expression of mutant p53 in FNA cytologic speci-
mens from human breast carcinomas and other non-malig-
nant breast lesions and to correlate p53 protein abnormalities
with histologic type, tumor and nodal stage of breast
carcinoma cases.

Materials and Methods

Routine diagnostic cytologic specimens from Fine Needle Aspirations
(FNA) of 40 breast carcinomas, 12 fibroadenomas, 8 cases with fibrocystic
disease and 19 smears from nipple discharge were used in this study.
Carcinoma cells were observed in the 40 FNA smears from breast
carcinomas (malignant smears). The smears from fibroadenomas, fibro-
cystic disease and nipple discharge were reported by cytologic studies to
be negative for cancer cells (benign smears).

All cytologic diagnoses made in FNA cytologic preparations, except
for 19 smears of nipple discharges, were confirmed by histologic studies.

The tumors were classified according to the WHO classification of
breast tumors (16). Thirty-seven of the carcinomas were of ductal origin
and 3 lobular.

The smears were originally fixed in 90% ethanol and stained with
Papanicolaou and Giemsa stain (air dried smears) for routine cytological
evaluation and diagnoses (benign or malignant). The performance of
immunocytochemistry in cytologic specimens for the study of oncogene
expression has been previously described (17). Prior to immunocytoche-
mical staining, the smears were immersed overnight in xylene, rehydrated
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Table 1. Summary of Results of Immunocytochemical Assay with p53
(pAb421) Monoclonal Antibody in 60 Breast FNAs and 19 Nipple
Discharge Smears.

Histology No. Staining Intensity
of O] ) ) (++4)
cases

Carcinomas 40

Ductal 18 11 7 1
Lobular 3 - = -
Fibroadenomas 12

Simple 9 - = -
Hyperplastic 2 1 - -
Cystic Disease 8

Simple 7 = = =
Complex 1 - - -
Nipple Discharge 19 19 - = =
Total 79

Table II. Correlations between p53 staining and the histopathology of the
fine needle aspirations of breast cancer patients.

Histopathology Total p53 staining
No.  Negative Positive
No. No.
Carcinomas 40 21 19,
Fibroadenomas 12 1 1} PG o
Cystis Disease 8 8 0
Nipple Discharge 19 19 0

*Fisher exact T test.

and washed in 0.1 moVl/1 of Tris-HCI, pH 7.6. For immunostaining, the
slides were treated with the mouse anti-p53 monoclonal antibody pAb421
(from Cambridge Bioscience) dissolved in 5 volumes of PBS buffer and 5
volumes of bovine serum albumin 1% in DDH,0 for 1h at 37°C in a
humidified atmosphere. The slides were treated sequentially as follows:
they were washed twice with PBS for S min each, treated with rabbit
anti-mouse IgG conjugated with peroxidase (p260 from DAKO) 1:10in 5
volumes PBS and 5 volumes normal human serum, incubated for 30 min
at 37°C in a humidified atmosphere, washed twice with PBS for 5 min
each, treated with swine anti-rabbit IgG conjugated with peroxidase
(p217 from DAKO) 1:10 in 5 volumes PBS and S volumes normal human
serum for 30 min at 37°C in a humidified atmosphere and washed twice
with PBS for 5 min each. For localization of the primary antibody 1 mg/ml
of 3,3’'-Diaminobenzidine tetrahydrochloride solution was used. Smears
were developed for 10 minutes at room temperature and then counter-
stained with Harris Hematoxylin.

Two cell lines were used as control for immunostaining: the
spontaneously immortalized rat 208F cells were used as negative controls
for p53 expression and their transfected derivative RFV53HO6-3 cells,
which carry the mutant mouse p53 gene carrying valine instead of alanine
at amino acid 135, were used as positive controls. RFVS3HO6-3 cells
were derived after co-transfecting with the plasmid LTRp53cG-val
containing the mutant p53 gene (10) and Homer-6 (18).

Two investigators evaluated the epithelial cell staining of appro-
ximately 300 cells (ten optic fields) in each smear. Each lesion was
classified according to the proportion of the cells stained; (-) no antigen
detected; +, ++, +++ when the median proportion of positive cells was
5-25%, 26-50% and 51-100% respectively.
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Results

The results are summarized in Table 1. The mouse mono-
clonal antibody p53 (pAb421) was used to stain 79 cytologic
smears derived from benign and malignant breast lesions.
Negative and positive cell line controls for p53 staining are

shown in Figures1and?2.Benign smears did not stain for p53.
In one case of hyperplastic fibroadenoma with cellularity,
a few clusters of benign epithelial cells showed a moderate,
diffuse positive cytoplasmic reaction (Figures 3,4). In the 40
specimens of breast carcinoma 19 (48%) were positive (either
+, ++ or +++) for p53 expression (Figures 5, 6, 7).
Although p53 is located in the nucleus of the cell, the positive
staining reaction was seen as a diffuse cytoplasmic stain.

The intensity of reaction demonstrated considerable hete-
rogeneity from weak to intense staining within the same
smear. p53 Negative staining cancer cells are shown in Figure
8. Cellular debris present in the background of malignant
smears exhibited a weak positive reaction. Macrophages and
foam cells in the cases of cystic disease and nipple discharge
occasionally showed diffuse positive cytoplasmic stain. We
found that a significantly higher number of carcinomas (19
out of 40) had positive p53 staining compared with fibroade-
nomas (1 out of 12), P<0.05 (Table II).

Positive immunostaining reaction was found in all histolo-
gic types of infiltrating duct carcinomas but no positive
reaction was seen in the 3 lobular carcinomas (Table III).

Correlations between increased p53 protein expression
and clinical features (19, 20) of the 40 breast carcinomas were
sought (Table IV). The median age of the patients with
negative p53 staining was 56 (n=21, range 43-73) and median
age of patients with positive p53 staining was 50 (n=19, range
25-75). No significant association was found between p53
staining and stage of disease, tumor size or nodal status
(Table V).

Figure 1. Negative control rat 208F cells for p53 protein (X 480).
Figure 2. Positive control RFV53HOG6-3 cells for p53 protein (X 480).

Figure 3. Benign fibroadenoma cells with negative immunostaining for p53
protein (X 480).

Figure 4. Benign fibroadenoma cells with positive (+) immunostaining for
p53 protein (X 480).

Figure 5. Positive (+) immunostaining in breast carcinoma cells for p53
protein (X 480).

Figure 6. Moderate (++) staining of the p53 protein in breast carcinoma
cells (X 480).

Figure 7. Intense (+++) staining of the p53 protein in breast carcinoma
cells (x 480).

Figure 8. Negative (-/+) immunostaining in breast carcinoma cells for p53
protein (X 480).
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Table II1. Correlation of p53 proteinexpression and pathologic type of 40
breast carcinomas.

Histologic Type No. Staining Intensity
of ) +) (++) (+++)

cases
Infiltrating duct
Carcinoma NOS* 24 13 7 4 -
Medullary 6 3 ~ 2
Scirrhous 4 2 - 2 -
Papillary 2 - 1 1 -
Mucinous 1 - 1 - -
Lobular Carcinoma 3 3 - - -
Total 40 21 9 9 1

*NOS = not otherwise specified

Discussion

In the present study, performed with the monoclonal
antibody p53 (pAb421), we have shown that there is
immunocytochemical evidence of increased p53 staining in 19
out of 40 (48%) ductal breast carcinomas, whereas only 1 out
of 12 fibroadenomas was found to be positive. No positive
p53 staining was found in fibrocystic disease or in cells in
smears from nipple discharges. These results may indicate
that mutations in the p53 gene are late events in the
development of breast cancer; however, the sensitivity of this
technique may not adequately reflect p53 levels in fibroade-
nomas, as normal and low levels of pS53 are usually
undetectable due to the normal protein’s very short half life.

Macrophages and neutrophils accompanying malignant

cells were occasionally positive for pS3. It is possible that the
positive staining was due to absorbed or phagocytized antigen
from necrotic malignant tumor cells. Mutant p53 proteins are
much more metabolically stable than the normal p53 protein
and are commonly associated with proteins of the heat shock
protein (hsp7) family (25). Although the normal p353 protein
is always found in the nucleus, the mutant proteins are found
in both cytoplasm and nucleus, perhaps because of their
association with hsp 70 (26). The presence of cytoplasmic p53
staining in smears suggests that there are high levels of a form
of p53 which is intrinsically abnormal.

Prior studies have demonstrated p53 mutations and ele-
vated p53 expression in a range of human tumors (6, 7, 15,
21, 23,24,27, 28). Recently, eleven human breast cancer cell

lines have been investigated with a panel of anti pS3 mono--

clonal antibodies (pAb1801, pAb240 and pAb421) and
abnormalities in staining were found in all the cell lines (22).
It is of particular note that the p53 cDNA which was
sequenced from four of the pAb240 cell lines all had missense
mutations in the p53 RNA, with no detectable expression of
the wild type sequence. These four cell lines, BT 20, BT 549,
BT 474 and MDA-MB-231, all showed positive p53 staining
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Table IV. Correlation between clinical features and p53 protein expression
in breast carcinoma cases.

Clinical Features No. Staining Intensity
of “) (+) (++) (+++)
cases . 2
Mean Age+SD 40 56+8.4 54+11 S1%12 75
Clinico-Pathologic
Stage T (Tumor)
T, 9 5 3 1 -
T, 17 10 4 3 =
Ts 14 6 2 5 1
N (Nodal) Status
NO 19 11 6 2 -
N1 14 6 3 4
N2 6 4 - 2 -
N3 1 - - 1 -

Table V. p53 protein increased expression and clinical characteristics.

Clinical No. p53 Protein Expression
Characteristic of Positive Negative
cases No. (%)

Stages I and II 25 10 (40) 15 (60) p=0.18
Stages III and IV 15 9 (60) 6 (40)  [NS]
T, (<2cm) 9 445 5(55) p=0.56
T, and Ty (>2cm) 31 15 (48) 16 (s2)  [NS]
NO 19 8 (42) 11 (58)  p=0.36
N1 and N2, N3 21 11 (52) 10 (48) P&l

for all three antibodies. thereby indicating that elevated p53
expression is synonymous with mutation (22, 29).

In a previous study using the p53 pAb421 antibody, 31 out
of 200 (16%) breast cancer specimens were found to have
positive staining. However, 46% of a subgroup of 88 patients
gave positive staining with pAb1801 (23). These authors
demonstrated an association between p53 positive staining in
breast cancer and positive oestrogen receptor and epidermal
growth factor status, as well as high grade tumor. Our results
do not demonstrate any correlation between p53 positive
staining tumor stage, size and nodal status (Table V). Craw-
ford et al (30) demonstrated a correlation between histologic-
al grade and p53 levels in breast cancer. They also reported
increased expression of p53 in the fibroadenomas, whereas
we only found 1 out of 12 with increased p53 expression.

The results presented in this paper indicate that p53 is not
overexpressed in fibrocystic disease or in nipple discharges
and frequently in fibroadenomas of the breast. However, as
the p53 protein is overexpressed in 48% of breast carcinomas,
it may be considered that mutations in the p53 gene are a late
event in the development of this disease.

Moreover, our results recorded in this study indicate that
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the immunocytochemical assay for mutant p53 proteins in
FNA cytologic preparations represents a very simple method
for the identification of genetic alterations in primary breast
cancers, can be useful for preoperative evaluation and may
allow the development of new diagnostic and therapeutic
agents.

References

1 Spandidos DA and Agnantis NJ: Human malignant tumors of the
breast, as compared to their normal tissue have elevated expression of
the Harvey ras Oncogene. Anticancer Res 4: 269-272, 1984.

2 Hand PH, Thor A, Wunderlich D, Murano R, Carruso A and Schlom
J: Monoclonal antibodies of predifined specificity detect activated ras
gene expression in human mammary and colon carcinomas. Proc Nat
Acad Sci USA 81: 5227-5231, 1984.

3 Spandidos DA, Pintzas A, Kakkanas A, Yiagnisis M, Mahera E, Patra
E and Agnantis NJ: Elevated expression of the myc gene in human
benign and malignant breast lesions compared to normal tissue.
Anticancer Res 7: 1299-1304, 1987.

4 Mackay J, Steel CM, Edders PA and Forrest APM: Allele loss on
short arm of chromosome 17 in breast cancers. Lancet: ii 1384-1385,
1988.

5 Spandidos DA and Anderson MLM: Oncogenes and onco-suppressor
genes: Their involvement in cancer. J Path 757: 1-10, 1989.

6 Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC, Jessup
JM, Van Tuinen P, Ledbetter DH, Barker DF, Nakamura Y, White R
and Vogelstein B: Chromosome 17 deletions and p53 gene mutations
in colorectal carcinomas. Science 244: 217-221, 1989.

7 Nigro JM, Baker SJ, Preisinger AC, Jessup JM, Hostetter R, Cleary
K, Bigner SH, Davidson N, Baylin S, Devilee P, Glover T, Collins FS,
Weston A, Modali R, Harris CC and Vogelstein B: Mutations in the
p53 gene occur in diverse human tumor types. Nature 342: 705-708,
1989.

8 Lane DP and Crawford LV: T-antigen is bound to the host protein in
SV40-transformed cells. Nature 278: 261-263, 1979.

9 Linzer DIH and Levine AJ: Characterization of a 54 K dalton cellular
SV40 tumor antigen present in SV40 transformed cells and uninfected
embryonal carcinoma cells. Cell 17: 43-52, 1979.

10 Finlay CA, Hinds PW and Levine AJ: The p53 proto-oncogene can act
as a suppressor of transformation. Cell 57: 1083-1093, 1989.

11 Hinds P, Finlay C and Levine AJ: Mutation is required to activate the
p53 gene for cooperation with the ras oncogene and transformation. J
Virol 63: 739-746, 1989.

12 Soussi T, Caron de Fromentel C, Mechali M, May P and Kress M:
Cloning and characterization of a cDNA from Xenopus laevis coding
for a protein homologous to human and murine p53. Oncogene /:
71-78, 1987.

13 Lamb P and Crawford L: Characterization of the human p53 gene.
Mol Cell Biol 6: 1379-1385, 1985.

14 Anderson MLM and Spandidos DA: Onco-suppressor genes and their
involvement in cancer (Review). Anticancer Res 8: 873-880, 1988.

15 Iggo R, Gatter K, Bartek J, Lane D and Harris A: Increased
expression of mutant forms of pS3 oncogene in primary lung cancer.
Lancet: i 675-678, 1990.

16 Sorff RW and Torloni H: Histological Typing of Breast Tumors,
International Histological Classification of Tumors. (IHCT) 2 World
Health Organization Geneva, 1968.

17 Koutselini H, Kappatou G, Yiagnisis M, Field JK and Spandidos DA:
Immunocytochemical study of ras oncoprotein in cytologic specimens
of primary lung tumors. Anticancer Res 70: 597-604, 1990.

18 Spandidos DA and Wilkie NM: Malignant transformation of early
passage rodent cells by a single mutated human oncogene. Nature 370:
469-475, 1984.

19 Beahrs OH, Henson DE, Hatter RV et al: Manual For Staging
Cancer, ed 3, Philadelphia, J.B. Lippincott Co, 1988.

20 Union Internationale Contre le Cancer: TNM classification of malig-
nant tumors. ed. MN Harmer, Geneva, 1978.

21 Takahashi T, Nau MM, Chiba I, Birrer MI, Rosenberg RK, Levitt N,
Pass H, Gazdar AF and Minna JD: p53: A frequent target for genctic
abnormalities in lung cancer. Science 246: 491-494, 1989.

22 Bartek J, Iggo R, Gannon J and Lane DP: Genetic and immunoche-
mical analysis of mutant p53 in human breast cancer cell lines.
Oncogene 5: 893-899, 1990.

23 Cattoretti G, Rilke F, Andreola S, D’Amato L and Delia D: p53
expression in breast cancer. Int J Cancer 41: 178-183, 1988.

24 Rodrigues NR, Rowan A, Smith MEF, Kerr IB, Bodmer WF,
Gannon JV and Lane DP: p53 mutations in colorectal cancer. Proc
Natl Acad Sci 87: 7555-7559, 1990.

25 Finlay CA, Hands PW, Tan TH, Eliyahu D, Oren M and Levine AJ:
Activating mutations for transformation by p53 produce a gene
product that forms an hsp70-p53 complex with an altered half-life. Mol
Cell Biol 8: 531-539, 1988.

26 Sturzbecher HW, Chumakow P, Welch WJ and Jenkins JR: Mutant
p53 proteins bind hsp72 73 cellular heat shock related proteins in
SV40-transformed monkey cell. Oncogene I: 201-211, 1987.

27 Crawford LV, Pim DC, Gurney EG, Goodfellow P and Taylor-
Papadimitriou J: Detection of a common feature in several human
tumor cell lines- a 53000 dalton protein. Proc Natl Acad Sci USA 78:
41-45, 1981.

28 Chiba I, Takahashi T, Nau M, D’Amico D, Curiel D, Mitsudomi T,
Buchhagen D, Carbone D, Piantadosi S, Koga H, Rassman P, Slamon
D, Holmes EC and Minna J: Mutations in the p53 gene are frequent in
primary, resected non-small cell lung cancer. Oncogene 5: 1603-1610,
1990.

29 Lane DP and Benchimol S: p53: oncogene or anti-oncogene? Genes
Dev 4: 1-8, 1990.

30 Crawford LV, Pim DC and Lamb P: The cellular protein p53 in human
tumors. Mol Biol Med 2: 261-272, 1984.

Received April 3, 1991
Accepted May 14, 1991

1419



	1001a
	1002a
	1003a
	1004a
	1006a

