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ABSTRACT

Expression of the cellular ras M, 21,000 protein (p21) has been
measured in tumors from breast cancer patients who at time of presen
tation had no evidence of metastatic disease. Western blotting analysis
revealed that 37 of 54 (69%) tumors contained p21 levels 2- to 10-fold
greater than those of control breast tissues. An excessive increase of p21
(5- to 10-fold over the control value) occurred more frequently in tumors
of I Â«and 1j stages (15 of 25 (60%)] than in tumors at T. stage [6 of 29
(21%)), suggesting a correlation between advancement of disease and
high p21 levels. p21 levels were positively related to the involvement of
axillary lymph nodes at the time of primary treatment. As no correlations
were detected between p21 levels and a gross pathological parameter,
tumor grade, it is possible that p21 levels may reflect the degree of
cellular malignancy. This is supported by data on tumor recurrence; 13
of 16 patients (81%) with tumors expressing low p21 levels were disease
free for >4 years after primary treatment, whereas only 5 of 9 patients
(56%) with high p21 tumors remained disease free. These results sug
gested that a quantitative enhancement of p21 oncogene protein is asso
ciated with both the progression and prognosis of breast cancer.

INTRODUCTION

The acutely transforming RNA tumor viruses contain ge-
nomic sequences that appear to be responsible for the induction
of neoplasia. These genes have been termed viral oncogenes (v-
onc) (1). DNA sequences homologous to most of the known v-
onc genes have been identified in a variety of normal uninfected
cells (2). These genes are termed cellular or protooncogenes (c-
onc). The viral ras oncogene (\-rasH) of Ha-MuSV2 encodes a

protein called p21 (3). This is the protein responsible for the
high oncogenicity of this virus. Normal levels of the p21 protein
encoded by the c-rasH protooncogene were found not to induce

oncogenic transformation (4). However, this protooncogene,
whether cloned from normal rodent or normal human cells,
was shown to become oncogenic in the mouse cell transforma
tion assay when the gene had been placed under the control of
a retroviral long terminal repeat, which led to the high level
expression of the gene (5-7). Thus, continuous elevated levels
of a protein encoded by a normal protooncogene are one
mechanism by which these genes could be pathogenic in tumors,
whether of viral or of nonviral origin.

Utilizing immunohistochemical technique (8) and Western
blotting analysis (9, 10), an enhanced expression of p21 protein
has been demonstrated in the majority of human mammary
carcinomas. Furthermore, elevation of c-ras" mRNA in human
breast tumors has been demonstrated using dot-blot hybridiza
tion technique (11, 12). No studies to date, however, have been
reported on the relationship between the p21 levels and disease
state of breast cancer. The objective of this study was to examine
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whether the increased production of p21 is associated with
progression and prognosis of breast cancer.

MATERIALS AND METHODS

Chemicals and Reagents. Nonidet I' 40. sodium deoxycholate, dithio-

threitol, and bovine aprotinin were purchased from Sigma Chemical
Co., St. Louis, MO. Rabbit anti-rat IgG was obtained from Cappel
Laboratories, Cochranville, PA. Nitrocellulose sheets (0.2 urn) were
from Schleicher and Schuell, Inc., Keene, NH. '"I-labeled Protein A
(30 mCi/mg) was from Amersham Corp., Arlington Heights, IL. UC-

labeled methylated molecular weight marker proteins were obtained
from Bethesda Research Laboratories, Bethesda, MD. p21 monoclonal
antibody Y13-259 was kindly provided by Dr. D. R. Lowy.

Tumors. Breast materials were supplied by the University Depart
ment of Clinical Surgery, Royal Infirmary. Edinburgh, Scotland. Im
mediately after surgery (August 1979 to December 1985), the specimens
were placed in ice and transported to the Laboratory of Clinical Surgery
where they were stored in liquid N2 until assay. The presence of
malignancy was confirmed histologically in the cancer patients. All
patients were staged for the presence of metastatic disease. Involvement
of axillary lymph nodes was determined histologically at the time of
primary treatment on nodes obtained by axillary sampling or clearance.
Fifty-four primary breast cancers from patients who were clinically
staged as being free from metastatic disease were used in the present
work. These consisted of 33 surgically treatable and 21 inoperable
tumors. Control tissues assayed were normal breast tissue from reduc
tion mammoplasty, uninvolved breast tissue adjacent to carcinoma,
uninvolved axillary lymph node, normal breast adjacent to fibroade
noma, fibroadenoma, cystosarcoma phyllodes, and fibrocystic disease.

Preparation of Tissue Extracts. Breast tumors and tissues were pul
verized and homogenized in a Teflon glass homogenizer with 4 volumes
of ice-cold Buffer Ten (0.1 M NaCl-5 mM MgCI2-l% Nonidet P-40-
0.5% sodium deoxycholate-2 kallikrein inhibitor units/ml bovine apro
tinin-20 mM Tris-HCl, pH 7.4) (9). The homogenates were centrifuged
at 750 x g for 15 min at 4Â°C,and the resulting supernatants were used

as the lysates. Tumor lysates were used either immediately after their
preparation or after being stored at â€”70Â°Cup to 1 week. Protein

concentrations of lysates were determined by the method of Lowry et
al. (13).

Western Blotting of p21 Protein. Western blotting analysis was used
to determine the amount of p21 present in the tumors and normal
breast tissues. Cellular proteins present in the lysates (see above) were
separated by 12% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (14) and transferred to nitrocellulose sheets in transfer buffer
(25 mM Tris-192 mM glycine-20% methanol, pH 7.4) (15). Nitrocellu
lose sheets were washed and first incubated with 3% bovine serum
albumin in NTE-NP40 (50 mM Tris-HCl, pH 7.5-150 mM NaCl-2 mM
EDTA-0.1% Nonidet P-40) for 3 h at 37'C (9) and then sequentially

incubated with medium containing p21 monoclonal antiserum Y13-
259 (16) directed against the Ha-MuSV-encoded p21 for 16 h at 4Â°C,
rabbit anti-rat IgG for 2.5 h in an ice water bath, and 5 x IO5cpm/ml
1""I labeled Protein A for l h in an ice water bath. The nitrocellulose

sheets were air dried and exposed to Kodak XAR film for 12 to 36 h
at -20Â°C. Comparison of the resulting autoradiograms with others in

which normal rat serum was substituted for p21 monoclonal antibody
permitted identification of p21. To provide a reference p21, we used
cell lysates prepared from NIH/3T3 clone 13-3B-4 (kindly provided by
D. R. Lowy) that had been transfected with Ha-MuSV DNA.

Statistical Analysis. Some of the results obtained in this study were
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analyzed for statistical significance by the x2 distribution (17) or the

log rank test (18). Differences between two populations were judged
significant at a level greater than 95% of confidence (P < 0.05).

RESULTS AND DISCUSSION

Western Blotting Analysis of p21 Protein. p21 protein was
identified in primary breast carcinomas by Western blotting
analysis using Y13-259 monoclonal antibody (16) directed
against the Ha-MuSV-encoded p21. As shown in Fig. 1, a
radiolabeled band, comigrating with the lower band of p21 from
13-3B-4 cells (Fig. ÃŒA,lane V), was detected in the extracts of
tumors (Fig. IA, lanes I to 6); the intensity of the band,
however, varied among the tumors. The p21 band was absent
when control rat serum was used in place of the Y13-259
antibody (Fig. IB). It has been shown that viral ras gene encodes
both phosphorylated (upper band) and unphosphorylated
(lower band) forms of p21, but cellular ras gene encodes only
the unphosphorylated form of p21 (19,20). Thus, 13-3B-4 cells
containing the \-rasH gene exhibited the upper and lower bands

of p21 (Fig. \A, lane K), whereas human breast tumors con
taining c-ras" gene (11, 12) showed only the lower band of p21

protein.
In Fig. 2, the p21 bands from breast tumor extracts were

compared with those from control tissue extracts. It can be seen
that breast tumors often contained markedly elevated levels of
p21 (lanes 1,3,4, 6, and 7) compared with those in the control
tissues (lanes 8 to 11). These elevated p21 levels in the tumors
appeared to be an intrinsic characteristic of tumors and not an
experimental artifact, since the difference in p21 band intensi
ties was not related to the background band intensities. Thus,
in Fig. 2, lanes 1 and 2 exhibited distinct p21 band intensity
contrary to their almost identical background bands, the low
p21 levels in lanes 5, 8, 9,10, and 11 were accompanied by high
background bands, and finally, lanes 6 and 7, showing similarly
intense p21 bands, exhibited background bands of reciprocal
intensities. The control tissues were uninvolved breast tissue
adjacent to carcinoma (lane 8), normal breast tissue adjacent
to fibroadenoma (lane 9), normal breast tissue from reduction
mammoplasty (lane 10), and fibroadenoma (lane 11). These
control tissues exhibited variations in p21 levels less than 2-
fold as quantified by densitometric tracing of the band intensi
ties of the autoradiograms. Other control tissues, including
fibrocystic disease, cystosarcoma phyllodes, and uninvolved
axillary lymph nodes, all exhibited levels of p21 as low as those
of control tissues shown in Fig. 2. Thus, high levels of p21
protein were frequently found in primary breast cancers com
pared with the p21 levels in normal breast tissues and benign
tumors as was shown previously (9, 10).

Fig. 1. Western blotting analysis of p21 in
human breast carcinomas.. (. with monoclonal
antibody Y13-259; B, with normal rat serum. 43K
Lane V, 13-3B-4 cells; lanes I to 6, breast
tumors; lane M, 14C-labeled methylated molec
ular weight marker proteins; 43,000, ovalbu-
min; 25,700, a-chymotrypsinogen; 18,400, 0- 25.7K
lactoglobulin. Preparation of tumor extracts
and Western blotting were performed as de
scribed in "Materials and Methods." Each lane
contained 100 fig of proteins for sodium do- 1 8 4K
decyl sulfate-polyacrylamide gel electrophore-
sis. K, thousands.

Quantification of p21 Protein Levels in Breast Cancers. The
levels of p21 protein in human breast tumors were estimated
quantitatively after compiling results from several experiments
of the type shown in Fig. 2. The concentrations of p21 were
determined from densitometric tracings of the band intensities
of the autoradiographic films, in which the band intensity of
p21 from 13-3B-4 cells served as the internal standard for each
autoradiogram. The p21 levels were then expressed in arbitrary
units where 1 arbitrary unit was set equal to the average p21
level of normal breast tissues and units 2 and 3 were set equal
to 2 to 4 and 5 to 10 times, respectively, that of unit 1. Thus,
in Fig. 2, the intensity of p21 bands in lanes 2, 5, 8, 9,10, and
11 were equal to unit 1, lane 4 was unit 2, and lanes 1, 3, 6,
and 7 were unit 3. As a rigorous control of p21 quantification,
Western blotting analysis was performed at a range of protein
concentrations, and several tumors were repeatedly analyzed
for p21 at three different times using three different portions
of the tumors. We found that p21 units determined for individ
ual tumors were reproducible and were specific for each tumor.

As shown in Table 1, the breast tumors were classified into
three groups according to their p21 levels. In group 1, 17 of 54
(31%) tumors contained p21 unit 1, the p21 level similar to
those in normal breast tissues; in group 2, 16 of 54 (30%)
tumors contained p21 unit 2, 2- to 4-fold increased p21 levels
over unit 1; the remaining 21 of 54 (39%) tumors exhibited
highly elevated p21 levels, unit 3, 5- to 10-fold increased p21
levels over unit 1. Thus, 37 of 54 (69%) tumors with no evidence
of metastasis contained elevated p21 levels compared with
normal breast tissues.

p21 Levels and Estrogen Receptor. We examined whether the
p21 protein enhancement in breast cancer correlates with the
presence of ER, a known biochemical marker for hormone
dependence (21). It can be seen in Table 1 that, in ER(+)
tumors, 8 of 33 (24%) tumors contained p21 unit 1 and 10 of
33 (30%) tumors exhibited p21 unit 2, while 15 of 33 (46%)
tumors contained highly elevated p21, the unit 3. Thus, pro
gressively increasing numbers of ER(+) tumors were found to
contain the higher levels of p21, suggesting a possible role of
hormones in p21 elevation in breast cancer. No such parallel
relation was found between ER(â€”)and p21 levels (Table 1).

Relationship between p21 Levels, T Staging, and Lymph Node
Involvement with Tumor. We examined whether p21 elevation
in breast cancer correlates with increase in T staging and node
involvement. As shown in Table 2, in T2 tumors, progressively
decreasing populations were found to contain the higher levels
of p21 (unit 1â€”>3),whereas in T3 and T4 tumors, the majority,
64 and 55%, respectively, contained p21 unit 3, and only a
small population of these tumors, 14 and 18%, respectively,
exhibited p21 unit 1. Thus, progression of T stage correlated
with increase in p21 levels in breast cancer. The node involve-
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Table 3 Correlation between p2l levels and clinicohistopathological parameters

43K-I

25.7K-

18.4K-I
- - â€”p21

MV1 2345 6 7 89 10 11

Breast Cancer Control

Fig. 2. Western blotting analysis of p21 in human breast tumors and control
tissues. Lane M, "C-labeled methylated molecular weight marker proteins; lane
y, 13-3B-4 cells; lanes 1 to 7, breast tumors; lane 8, uninvolved breast tissue
adjacent to carcinoma of lane I; lane 9, normal breast tissue adjacent to fibroad
enoma; lane 10, normal breast tissue from reduction mammoplasty; lane 11,
fibroadenoma. Preparation of tissue extract and Western blotting were performed
as described in "Materials and Methods." Each lane contained 100 Â¿igof proteins

for sodium dodecyl sulfate-polyacrylamide gel electrophoresis. K, thousands.

Table 1 Relationship between p2l levels and ER
p2 1 level" (arbi- Tumor,

trary units) no./total*%2

317/54
16/54
21/5431

30
39ER(+)C,

no./total8/33

10/33
15/33%24

30
46ER(-),

no./total9/21

6/21
6/21%42

29
29

" p21 levels were quantified from densitometric tracings of autoradiographs of

the Western blotting analysis. The levels of p21 in the tumors are expressed
relative to the average level of p21 in normal breast tissues which is set equal to
1 arbitrary unit; unit 2 = 2 to 4 x unit 1; unit 3 = 5 to 10 x unit 1.

* Number of tumors containing each unit of p21 per total number of tumors.
' ER(+), >10 fmol/mg protein; ER(-), <10 fmol/mg protein.
' Number of tumors containing each unit of p2l per total number of tumors

with either ER(+) or ER(â€”).Estrogen receptor levels were measured by the
method of Hawkins et al. (22).

Table 2 Relationship between p21 levels, T stages, and node involvement
p21 level" (arbi- T2*, no./

trary units) total'%12

313/29
10/29
6/2945

34
21T3,

no./
total2/14

3/14
9/14%142264T4,

no./
total2/11

3/11
6/11Node(+),

% no./total''%1827

557/17
11/16
18/2147

69
86

" See Table 1, Footnote a, for definition of p21 units.
* Tj, tumor size = 2 to 5 cm; T3, tumor size >5 cm; T4, tumor on chest wall

invading skin.
' Number of tumors containing each p21 level per total number of tumors at

each T stage."'Number of nodes (+) per total number of tumors containing each p21 unit.

ment also paralleled p21 elevation. Seven of 17 (41%) tumors
with p21 unit 1 were node positive, whereas 18 of 21 (86%)
tumors with high p21 level unit 3 were node positive.

Analysis of the Clinicopathological Characteristics of Tumors
Expressing High Levels of p21. Statistical analyses [x2 test (17)]

were performed comparing the Clinicopathological parameters
of the 21 patients whose tumor contained high p21 levels (unit
3) (Table 1) with those of the 33 patients whose tumor expressed
medium to low levels of p21 (units 1 and 2) (Table 1). As shown
in Table 3, the high elevation of p21 protein has a significant
correlation with axillary lymph node involvement (P < 0.02) as
well as with the progression of T stages, P < 0.01 (T3), P <
0.05 (T4). These parameters have previously been shown to be
associated with the most aggressively growing breast tumors
and are used to determine the clinical prognosis of breast cancer
patients. No statistical correlation, however, was observed be
tween high p21 levels and histolÃ³gica! grade (Table 3). Although
a higher percentage of ER(+) tumors (71 %) expressed high p21

HistolÃ³gica!gradeIUIIIEstrogen

receptorER(-)ER(+)Axillary

nodeNegativePositiveT

stagesT2T,T4Total

pop
ulation(n-54)17(31)"27

(50)10(19)21

(39)33(61)18(33)36

(67)29

(54)14(26)11(20)Population

withhighp21
levels(unit
3)"(n

=21)6(29)12(57)3(14)6(29)15(71)3(14)18

(86)6(29)9(42)6(29)Population

with low
p2llevels(units

1and
2)(n

=33)11(33)15(46)7(21)15(46)18

(54)15(46)18(54)23

(70)5(15)5(15)PNot

significantNot

significant<0.02<0.01<0.05

Â°See Table 1, Footnote a, for definition of p21 units.
* Numbers in parentheses, percentages.

Table 4 Relationship between p21 levels and disease-free interval

Disease free

>2 years >4 years'

Tumor traryunits)Operable
primary tumors''12

3No./total*

% No./total%11/12

8/9
7/1092

89708/95/7s/r89 72
56

" See Table 1, Footnote a, for definition of p21 units.
* Number of patients disease free per total number of patients who had primary

tumors with each p21 unit.
e Includes some of the same patients as the >2-year column.
'includes 31 surgically treatable tumors.
'Significantly different from patients with p21 unit 1 tumor at P < 0.05

according to the log rank test (18) of the recurrence.

level, unit 3, no statistical significance was found between these
two parameters (Table 3).

p21 Level and Recurrence of Breast Cancer. Of 33 women
with operable primary tumors, 31 had been followed up at least
for >2 years and 25 were followed for >4 years. The relationship
between p21 level and disease-free interval is shown in Table 4.
At >2 years, too few patients had developed recurrent disease
to make statistical analysis meaningful. However, at >4 years,
13 of 16 patients (81%) with tumors expressing low p21 levels
(units 1 and 2) were disease free for >4 years after primary
treatment, whereas 5 of 9 patients (56%) with high p21 tumors
remained disease free. The difference in recurrence of disease
during >4 years between the patients with p21 unit 1 primary
tumor compared with the patients with p21 unit 3 tumor was
statistically significant, as calculated by the log rank test (18)
(P < 0.05). Adjuvant therapy did not appear to influence the
result: among the patients included in Table 4, there were
patients who had low level p21 tumors and received no adjuvant
therapy and remained disease free for >60 months; conversely
there were other patients who had high level p21 tumors and
received adjuvant therapy and died within 12 months. The
results therefore suggest a correlation between high p21 level
and progression or poor prognosis of the disease.

We have shown that increased amounts of p21 protein, the
product of c-rasH cancer gene, are associated with progression
and prognosis of breast cancer. This "overproduction" of p21

is not likely due to increase in the amount of gene copy. A ras
gene amplification has not been found in human mammary
carcinomas (23). In addition, no point mutation at the codon
12 of the c-rasH or C-HZÃŽ*protooncogenes was detected in

human breast tumors (23). Thus, altered expression of normal
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neinmuÃ;iled c-ras gene appears to be the cause for p21 elevation
in breast cancer.

The mechanism by which enhanced expression of normal
p21 protein may play a role in mammary cancer growth is not
presently known. Nevertheless, our data showing a correlation
between p21 levels and progression or prognosis of the disease
may prove valuable in therapy, because it is possible to reduce
the activity of this cancer gene and thus perhaps inhibit the
growth of mammary cancer.
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