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ABSTRACT

Monoclonal antibodies RAP-5 and Y13-259, directed against the ras
gene product [a protein with a molecular weight of 21,000 (p21)| have
been used to evaluate rus p21 expression in malignant and benign
mammary tissues as well as in the lesions of intermediate stature such
as atypical hyperplasia using immunohistochemical assays. Invasive car
cinoma demonstrated enhanced expression of ro.v p2l. with generally
decreasing expression in carcinoma in situ, atypical hyperplasia, and
nonatypical hyperplasia, respectively. Heterogeneous expression of ras
p21 was observed among primary as well as metastatic mammary carci
nomas. Carcinomas from postmenopausal patients generally demonstra
ted higher levels of ras p21 than those from premenopausal patients, but
no significant difference in ras p21 expression in carcinomas between
estrogen-receptor rich and estrogen-receptor poor patients was found.
Normal mammary epithelium in terminal duct lobular units from patients
with hyperplasia generally demonstrated higher levels of ras p21 expres
sion than did epithelium in large ducts. This demonstration of enhanced
ras p21 expression by the epithelium of peripheral lobular portion of the
breast is consistent with the previous hypothesis that these areas pref
erentially undergo malignant transformation. Analyses of the limited
number of specimens available from patients with 15-yr follow-up re
vealed a generally higher level of ras p21 in hyperplasia from patients
who subsequently developed carcinoma, as compared to those from
patients without carcinoma development. However, no conclusions re
garding the potential for malignant transformation could be drawn for
any individual patient on the basis of ras p21 expression. Concomitant
analyses of ras p21 expression in mammary carcinomas and benign
lesions using liquid competition radioimmunoassay and immunohisto
chemical assay demonstrated the complementary nature of these alter
native approaches. These results suggest that enhanced ras p21 expres
sion may be involved in the early stages of mammary carcinogenesis but
is probably not involved in the maintenance of the transformed phenotype.

INTRODUCTION

raÃactivation and subsequent transformation of a cell to its
malignant phenotype has been associated with two mechanisms:
(a) a point mutation at position 12 or 61 of the genome (1-3)
or (b) enhanced expression of the normal cellular or proto-onc
form of raÃp21,2 the M, 21,000 protein product of the raÃgene

(4, 5). Mutated raÃgenes, however, have been identified in only
a small percentage of the most common forms of human
carcinomas (6). Several investigators have failed to demonstrate
point mutated raÃgene expression in human mammary carci
nomas or cell lines (except the mammary carcinosarcoma cell
line. HS578T) using NIH 3T3 transfection assays (6,7). Recent
studies utilizing MAb RAP-5 (RA:rai, P:peptide) generated
against a synthetic peptide reflecting amino acid positions 10-
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17 of the human raÃp21, have demonstrated enhanced expres
sion of raÃp21 in the majority of human mammary and colon
carcinomas using formalin-fixed tissues and immunohisto
chemical technique, as compared to normal mammary and
colon epithelium (8, 9). Furthermore, Spandidos and Agnantis
(10) have recently described a significant elevation of Ha-rai
transcription in malignant breast tumors as compared to nor
mal breast tissues using dot-blot RNA hybridization techniques.

MAbs reactive with the ras gene product p21 can be utilized
with formalin-fixed paraffin-embedded tissues and immuno
histochemical techniques. Advantages of this approach include
evaluation of a variety of benign, potentially premalignant and
malignant tissues, determination of raÃp21 expression at the
single cell level, and correlation of histolÃ³gica! information
with raÃp21 expression. Atypical hyperplastic lesions of the
breast have been associated with an increased risk of subsequent
carcinoma development (11-14) many years after a histological
diagnosis of atypia has been made on surgically resected biopsy
specimens. Hyperplastic lesions without atypia have a similar
association, although the risk of subsequent malignant trans
formation is of lesser magnitude (11, 15). In addition, hyper
plastic lesions have been found more frequently in breasts which
have undergone malignant transformation than breasts without
subsequent carcinoma (12, 16).

Based on morphological studies (16, 17) human mammary
carcinomas have been hypothesized to arise in the terminal
duct-lobular units. The use of formalin-fixed tissues for identi
fication of particular cell types expressing raÃp21 made possible
the direct evaluation of surgically resected tissues in an attempt
to determine the possible role of the raÃgene in the pathogenesis
of human mammary carcinoma.

This study was designed to define raÃp21 expression in (a)
benign and malignant mammary tissues as well as the lesions
of intermediate stature such as atypical hyperplasia and carci
noma in situ at the single cell level, (b) normal mammary
epithelium adjacent to either carcinoma or hyperplasia with
reference to pathogenesis of carcinoma, and (c) carcinomas
from patients with known estrogen receptor and menopausa!
status using MAbs RAP-5 and Y13-259 (18) directed against
the raÃgene protein product, p21. In addition, raÃgene expres
sion during mammary tumor progression was also evaluated
using primary mammary carcinomas and mÃ©tastasesfrom the
same patients.

MATERIALS AND METHODS

Materials. Tissues used for immunohistochemical analyses of benign
and malignant mammary lesions were obtained from 46 patients with
fibrocystic change (also known as fibrocystic disease), from 7 patients
with carcinoma in situ, and from 47 patients with invasive carcinoma.
The specimens containing fibrocystic change could be histologically
subdivided into those without hyperplasia (20 cases) and those with
hyperplasia (26 cases). The hyperplastic cases were further divided into
2 groups, without atypia (16 cases) and with atypia (10 cases). Hyper
plasia is defined as the presence of 3 or more cell layers above the
basement membrane without crossing the intraductal space (11, 14).
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This designation is largely consistent with the atypical lobule Type A-
II and A-III lesions of Wellings et al. (16) and recognizes any increase
in cell number relative to the cell membrane (greater than the usual 2
cell layers) except for lesions having some of the features of carcinoma
in situ, i.e., atypical hyperplasia (14). Patients with invasive carcinoma
had no evidence of regional lymph node or distant mÃ©tastases,and the
size of each tumor was less than 4 cm diameter (Stage I or II: Ti,2, N0,
Mo). The normal mammary duct terminology used was based on the
proposals of Wellings et al. (16), and Ohuchi et al. (17): from the
peripheral portion of ductal system, DTL. 1TD, ETD, subsegmental
ducts, segmentai duct, lactiferous sinus, and collecting duct. The DTL,
ITD, and ETD form the TDLU. All portions of the ductal system other
than the TDLU were termed collectively as LD (17).

Tissues for immunohistochemical analyses of primary and metastatic
mammary carcinomas were obtained from 7 patients with primary and
metastatic invasive duetal carcinomas (primary, n = 8: metastatic, n =
26). These patients had metastatic lesions in a variety of different
organs from 1 to 8 sites (average of metastatic sites is 3.7).

Tissues for hormonal and immunohistochemical analyses of mam
mary carcinoma were taken from a different set of 45 patients with
invasive ductal carcinoma. Ten of these patients (younger than 40 yr)
were premenopausal, while 35 patients (older than 55 yr) were post-
menopausal. Twenty-six patients were considered ER rich and 19 were
ER poor (see estrogen receptor analysis).

Biopsy tissues for direct binding liquid competition RIA and immu-
nohistochemistry were obtained from 2 patients with invasive ductal
carcinoma, one with fibrocystic change with ductal hyperplasia, and
one with fibrocystic change. Immediately after collection, tissues were
cut into pieces approximately 0.5 g, quick frozen in liquid nitrogen,
and stored at -70Â°Cfor direct binding liquid competition RIA analysis.

An adjacent piece of tissue was fixed in 10% formalin and embedded
in paraffin for histopathological and immunohistochemical studies.

Monoclonal Antibodies. Murine IgG2a MAb RAP-5 was generated
using a synthetic pcptide reflecting amino acid positions 10-17 of the
human ras gene product p2l. from the T24 human bladder carcinoma
cell line (8). This antibody reacts with both the point-mutated and
proto-onc forms of ras p21. MAb Y13-259, generated by Furth et al.
(18). is a rat-derived MAb which immunoprecipitates both the point-
mutated and proto-onc forms of ras p21 of the human, rat, and mouse.
MAbs UPC-10 (a purified murine myeloma IgG2a protein) and MOPC-
21 (a purified murine IgGl myeloma protein) (19) were obtained from
Litton Bionetics (Charleston, SC).

Immunohistochemical Assays. Immunohistochemical assays were
performed using a modification of the methods of Hsu et al. (20) as
described previously (21). In brief, 5-iim sections of formalin-fixed
paraffin-embedded tissues mounted on gelatin-coated slides were de-
paraffinized and immersed in methanol containing 0.3% H2O2 to
eliminate endogenous peroxidase activity. The sections were rinsed in
10 miviPBS without Ca2*-Mg2+,pH 7.4. In assays using MAbs RAP-5

and UPC-10, sections were incubated with 10% normal horse serum
for 15 min. This and all subsequent reagents were diluted in PBS
containing 0.1% BSA and added at 200 Ml/slide. After removal of the
horse serum, purified MAb RAP-5 was added to each section at 5 ng/
ml, and the slides were incubated for 30 min at room temperature.
Purified MAb UPC-10 (5 Mg/ml) was used as an isotype identical
(lgG2a) control for primary antibody RAP-5 on the serial sections. The
sections were washed in PBS and incubated with biotinylated horse
anti-mouse IgG (Vector Laboratories. Inc., Burlingame, CA) for 30
min. After a PBS wash, the slides were treated with avidin dehydrogen-
ase and biotinylated horseradish peroxidase H complex for 30 min.
Following another rinse with PBS, the slides were treated with 0.06%
diaminobenzidine (Sigma Chemical Co., St. Louis, MO) and 0.01%
H2O2 for 5 min and rinsed with PBS. The sections were counterstained
with hematoxylin.

Immunohistochemical assays using MAb Y13-259, a rat-derived IgG
(subtype unknown) MAb, were performed using the same techniques
as described for MAb RAP-5, except for pretreatment (with 10%
normal rabbit serum for 15 min), primary antibody incubation (with
rat ascites fluid of MAb Y13-259 at 1:500 dilution or purified MAb at
60 Mg/ml for 30 min), and second antibody incubation (with biotinylated

rabbit anti-rat IgG; Vector Laboratories, Inc.). MAb MOPC-21, a
murine myeloma protein of IgGl isotype, was used at 60 tig/ml as a
control for nonspecific binding of immunoperoxidase reagents to the
tissues. In the assays with MAb MOPC-21, 10% normal horse serum
was used as a pretreatment of tissue section, and biotinylated horse
anti-mouse IgG was used as a second antibody.

The specimens which D. L. P. and S. A. H. selected for preservation
of paraffin blocks as well as clearly documented clinical data were
studied by N. O., A. T., P. H. H., and J. S. using immunohistochemistry
without any knowledge of their clinical history. All tissues from the 2
institutions (Vanderbilt University, Nashville, TN and George Wash
ington University, Washington, DC) were utilized; hence, bias was
excluded. It is important to point out that formalin-fixed tissues ob
tained from certain institutions were unsuitable for ras p21 detection
(high background) using the reagents and methodology described here.
These tissues have since been shown to be either overheated or incom
pletely baked. The tissues from these institutions were excluded from
this study.

Counting Methods for Immunohistological Evaluation. The percentage
of MAb reactivity given was an estimation of the number of epithelial
cells reactive with each MAb divided by the total number of epithelial
cells of the same histolÃ³gica! lesions x 100. The tissues were then
subdivided into epithelial component categories (i.e.. hyperplasia, hy
perplasia with atypia, carcinoma in situ, invasive carcinoma, etc.). The
epithelial cells within each category were scored for MAb reactivity.
For Figs. 1 and 4, and Tables 1, 3, and 5, scoring of the most severe
histological category was utilized. All of the epithelial cells included in
tissue sections were examined. At least 5 histological lesions or more
than 200 epithelial cells of benign or malignant lesion for each specimen
were evaluated for MAb reactivity. As with all immunological methods,
tissues scoring "negative" for MAb reactivity must be interpreted with

full knowledge of the limitations of the sensitivity of the assay condi
tions used. No certainty as to the absolute lack of expression of raÃp21
was intended by a negative designation. Negativity denotes relative lack
of reactivity in comparison to the "positive" reactivity obtained with

other tissues at the same MAb concentration and conditions. The
evaluation of reactivity of MAbs with these specimens was done without
knowledge of subsequent disease outcome or hormonal status of the
patients.

Statistics. The average percentage of reactivity of MAbs with mam
mary tissues are presented as mean Â±SD. Results are compared by
Wilcoxon rank sum test for nonparametric methods (22).

Estrogen Receptor Analysis. Estrogen receptor content was deter
mined on the same specimens which were evaluated for immunoreac-
tivity with MAb RAP-5, using the dextran-coated charcoal method
with tritium-labeled 17-/3 estradiol (23). Results were obtained by
Scatchard analysis of the binding data. Tumors with ER levels greater
than 20 fmol/mg protein were considered ER rich and tumors with ER
levels less than 5 fmol/mg protein were considered ER poor.

Direct Binding Liquid Competition Radioimmunoassays. Fifty n\ of a
protein extract of the Ha-transformed NIH 3T3 cell line (10 Mg)were
added to each well of 96-well microtiter plates and allowed to dry
overnight by incubation at 37Â°C(detection plate). To minimize non

specific protein adsorption, microtiter wells of detection plate and the
reaction plate (a plate with no extract adsorbed to wells) were treated
with 100 til of 5% BSA in PBS and incubated for I h at 37Â°C.The

BSA was removed and the wells were washed with 1% BSA in PBS.
To each well of the reaction plate, 40 n\ of I25l-labeled MAb Y13-259

(75,000 cpm) diluted in PBS containing 1% BSA, 0.05% Tween 20
(assay buffer), and either 40 ^ I of competitor antigen (diluted in assay
buffer containing 0.02% Empigen) or assay buffer containing 0.01%
Empigen were added. The final detergent concentration in each well
was 0.05% Tween and 0.01% Empigen. The reaction plates were
incubated for l h at room temperature. Thirty-Mi aliquots were trans
ferred from each well of the reaction plate to the detection plate in
duplicate. The detection plates were then incubated 16-18 h at 4"C.

The wells were washed three times with assay buffer and cut from the
plate. 125I-labeledMAb Y13-259 IgG bound to the wells was measured

in a gamma counter. The percentage bound was determined by dividing
the average of the cpm bound to wells of the detection plate in the

2512

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426318/cr0460052511.pdf by guest on 19 M

ay 2023



ras p21 EXPRESSION IN HUMAN MAMMARY TISSUES

presence of competitor antigen by the average of the cpm obtained in
the absence of competitor antigen x 100.

RESULTS

Immunohistochemical Reactivity of MAb RAP-5 with Benign
and Malignant Mammary Tissues. Formalin-fixed tissue sec
tions of biopsy material from a spectrum of mammary lesions
were analyzed for ras p21 expression using MAb RAP-5 and
the avidin-biotin-peroxidase complex immunohistochemical
method. As shown in Figs. IA and 2A, 10 of 20 specimens
containing fibrocystic change without hyperplasia were com
pletely negative for reactivity to M Ab RAP-5. Another 10
specimens reacted very slightly (<5% of positive epithelial
cells), demonstrating low levels of ras p21 expression in the
epithelium which was anatomically located in the TDLU. Spec
imens with fibrocystic change represent a spectrum of epithelial
and stremai variations considered "normal" maturational

events in the postpubertal breast. In specimens obtained from
women in this category hyperplasia was not identified. Hyper-

plastic lesions without atypia demonstrated slightly higher lev
els of ras p21 expression than did non-hyperplasia (P < 0.01)
with an average reactivity of 18% epithelial cells positive (Fig.
IB). In 8 of 16 specimens, hyperplastic epithelium demonstra
ted >20% of cells positive, whereas 3 of 16 were completely
negative. Hyperplastic lesions with atypia, i.e., atypical ductal
hyperplasia (4 cases) and atypical lobular hyperplasia (6 cases)
generally demonstrated slightly higher levels oirÃ¡s p21 expres
sion than did nonatypical hyperplastic epithelium (P < 0.05)
and nonhyperplastic epithelium (P < 0.01) with an average
reactivity of 34% of epithelial cells present (Fig. 1C). Atypical
ductal hyperplasias (which had some but not all of the requisite
features of ductal carcinoma in situ) reacted strongly with MAb
RAP-5, particularly in the most histologically atypical cells
(Fig. 2B). These findings were also observed in atypical lobular
hyperplasias (Fig. 2C), which are similar to lobular carcinoma
in situ but lack the complete histolÃ³gica! criteria for that diag
nosis (14). Three of 4 specimens containing atypical ductal
hyperplasia and 5 of 6 specimens with atypical lobular hyper
plasia demonstrated >20% of positive cells using MAb RAP-
5. Early cancerous lesions without invasion (carcinoma in situ)
generally demonstrated slightly higher ras p21 expression (Figs.
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Fig. 1. Percentage of reactivity of MAb RAP-5 with formalin-fixed paraffin-
embedded benign and malignant mammary tissues using immunohistochemical
assay. The percentage of positive cells denotes the number of epithelial cells
scoring ras p21 positive divided by the total number of epithelial cells in each
lesion.. I. fibrocystic change without hyperplasia: B. hyperplasias without atypia;
C. hyperplasias with atypia: D. carcinomas in situ. E, invasive carcinomas.

ID and 2D) than did atypical hyperplasias, but the difference is
not statistically significant (P < 0.1 ). Of the 7 ductal carcinoma
in situ, 5 contained >60% of in situ carcinoma cells expressing
detectable levels of raÃp21. Invasive carcinomas, i.e., invasive
ductal carcinoma and invasive lobular carcinoma, demonstrated
enhanced levels of ras p21 expression, averaging 62% of carci
noma cells positive with MAb RAP-5 (Fig. IE). The average
reactivity of invasive carcinomas is not significantly different
from that of carcinoma in situ (P > 0.1) but is statistically
different from that of atypical hyperplasias or nonatypical
hyperplasias (P < 0.01). The percentage of carcinoma cells
reactive varied from 1 to 95%, with the majority of cases (36
of 47) demonstrating at least 50% of the carcinoma cells ex
pressing ras p21. As shown in Fig. 1, it is important to note
that antigenic heterogeneity of raÃp21 expression was observed
in the vast majority of mammary carcinomas as well as hyper
plastic lesions.

The cellular reactivity of MAb RAP-5 with specific histolog-
ical lesions concurrent with invasive ductal carcinoma was also
examined (Fig. 3). Thirteen of 47 patient specimens with inva
sive carcinoma contained a myriad of histolÃ³gica! lesions as
well as normal mammary epithelium. These included ductal
carcinoma in situ and hyperplasias of various type. The invasive
ductal carcinomas demonstrated enhanced cellular ras p21
expression with an average of 63% of carcinoma cells reactive
(Fig. 3D). The ductal carcinoma in situ component reacted
slightly less than its invasive counterpart, with 58% of the ///
situ carcinoma cells expressing detectable levels of raÃp21 (Fig.
3C). MAb RAP-5 reactivity was also observed in hyperplastic
epithelial cells (Fig. 3B) as well as normal epithelial cells (Fig.
3A) adjacent to carcinomas. The cytoplasmic staining reaction
noted in hyperplastic or normal epithelium, however, was gen
erally weaker in intensity than that observed in carcinomas.
Statistically, the differences in the average percentage of reac
tivity were significant among Fig. 3, B and C (P < 0.05), Fig.
3, A and C (P < 0.01 ), Fig. 3, A and D (P < 0.01 ), Fig. 3, B and
D (P < 0.02) but not significant among Fig. 3, A and B (P <
0.1) and Fig. 3, C and D (/>> 0.1).

ras p21 Expression in Hyperplastic Lesions with Subsequent
Carcinoma Development. Of the hyperplastic disease patients
evaluated above, 8 with nonatypical hyperplasia and 10 with
atypical hyperplasia were clinically followed for 15 yr. These
patients (n = 18) with hyperplasia were subdivided into 2 groups
based on their clinical outcome (Table 1). Four of 10 patients
with atypical hyperplasia (2 with atypical ductal hyperplasia
and 2 with atypical lobular hyperplasia) subsequently developed
carcinoma of the ipsilateral breast, and one of 8 patients with
nonatypical hyperplasia subsequently developed ductal carci
noma in both breasts. Hyperplastic lesions from the patients
without subsequent carcinoma development reacted with MAb
RAP-5 in the range of 5-40% of hyperplastic epithelial cells
positive, with an average reactivity of 21% (Fig. 4A). Nine of
13 specimens demonstrated <20% reactivity. In contrast,
higher levels of raÃp21 expression were generally observed in
hyperplastic lesions from 5 patients who subsequently devel
oped carcinoma, ranging from 25-55%, with an average of 40%
of epithelial cells reactive (Fig. 4B). There was a significant
difference of MAb RAP-5 reactivity between the 2 patient
groups at P < 0.01 (Table 1). It is important to emphasize,
however, that due to the nature of this study (i.e., the long term
follow-up as well as preserved tissues) a relatively few samples
have been evaluated, and no conclusions regarding the potential
for carcinoma development can be drawn for any individual
patient on the basis of raÃp21 expression.

2513

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426318/cr0460052511.pdf by guest on 19 M

ay 2023



raÃp21 EXPRESSION IN HUMAN MAMMARY TISSUES

/V C* -t w Â» -, 1 tW A&â€¢='''?>&& ' ' -l
" ~>^^^*^Ã¯ ' S â€¢' 4Â¿iÃ*s ''.^te.

Fig. 2. Immunohislochemical staining of formalin-fixed paraffin-embedded human mammary tissue sections with MAb RAP-5. A, nonhyperplastic tissue, showing
cystic change. No staining of epithelial cells, x 130; B, atypical ductal hyperplasia. Atypical hyperplastic epithelium reacted with MAb RAP-5 expressing cytoplasmic
ros p21. x 150; C atypical lobular hyperplasia. Over one-half of the terminal portions of lobular unit were expanded by severe atypical epithelial cells positive for
reactivity with MAb RAP-5. x 330; D, ductal carcinoma in situ, showing cribriform structure. Note that the early carcinoma lesion reacted strongly with MAb RAP-
5. x 150. Sections were counterstained with hematoxylin.

Â»â€¢Â«.vp21 Expression in Normal Mammary Epithelium, ras p21

expression was evaluated in normal mammary epithelium from
the 18 patients with hyperplasia who were followed up for 15
yr. Normal mammary epithelial and myoepithelial cells adja
cent to hyperplastic lesions demonstrated a moderately high
reactivity with MAb RAP-5 in the DTL, and the reactivity
decreased gradually as one moved to the LD, i.e., from the
DTL to ITD, ETD, and LD (Table 2). The epithelium of TDLU
which includes the DTL, ITD and ETD (16, 17) generally
demonstrated higher levels of ras p21 expression than the LD
(Fig. 5, A and B). This finding was most striking in the normal
epithelium adjacent to hyperplasia from the patients who sub
sequently developed carcinoma. Of particular interest is the
fact that normal epithelium of TDLU from the patients with
subsequent carcinoma development generally demonstrated
higher levels of ras p21 than did anatomically similar epithe
lium from the patients without carcinoma development (P <
0.02).

Immunohistochemical Comparison of ras p21 Expression Us
ing MAbs RAP-5 and Y13-259. MAb Y13-259 has been used
previously to detect ras p21 in a variety of tissues using Western
blotting and immunoprecipitation techniques (18). We have
now adapted this MAb for use with formalin-fixed tissue sec
tions. To compare the reactivity of MAbs RAP-5 and Yl 3-259
with human mammary tissues, 7 cases (2 invasive ductal carci
nomas, one ductal carcinoma in situ, 2 atypical hyperplasias,
one hyperplasia without atypia, and one fibrocystic change
without hyperplasia) were selected. The 2 atypical hyperplasia
specimens were from patients who subsequently developed car
cinoma. Table 3 shows the reactivity (both intensity and per
centage of positive epithelial cells) of MAbs RAP-5 and Y13-
259 as well as the control MAbs UPC-10 and MOPC-21 using
serial sections of the various breast tissues. Although the per
centage of reactivity of MAb Y13-259 with breast tissues was
not exactly the same as that of MAb RAP-5, the staining pattern
and anatomic location of immunoreactivity were almost iden-
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Fig. 3. Percentage of reactivity of MAb RAP-5 with invasive ductal carcinomas
and adjacent benign and normal tissues using immunohistochemical assay. I,
normal mammary epithelium: //. hyperplastic lesions; C, ductal carcinoma in situ;
1). invasive ductal carcinomas.

Table I Average percentage of reactivity of MAb RAP-5 with hyperplastic lesions
from patients who werefollowed for 15 yr

Hyperplasia
without
atypia

Hyperplasia
with atypia Total

Tissues from patients
without subsequent
carcinoma develop
ment

Tissues from patients
with subsequent carci
noma development

Total

17 Â±8Â°(7)* 26 Â±12(6) 21 Â±10e (13)

25 Â±0(1) 44 Â±8(4) 40 Â±IIe (5)

18 Â±8(8) 33 Â±14(10) 26 Â±13(18)
* Mean Â±SD.
' Numbers in parentheses, number of patients examined.
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Fig. 4. Percentage of reactivity of MAb RAP-5 with hyperplastic lesions in
patients who were followed for 15 yr using immunohistochemical assay. A,
hyperplastic lesions in patients without subsequent carcinoma development; /(.
hyperplastic lesions in patients who subsequently developed carcinoma of the
breast.

tical at the single cell level (i.e.. the cytoplasm of carcinoma
cells reacted similarly with MAbs RAP-5 and Y13-259) (Fig.
6, A and H). In addition, 2 types of normal epithelial cells
(epithelial and myoepithelial) from the TDLU adjacent to either
carcinoma or atypical hyperplasia partially reacted with MAb
Y13-259 in the same way as that previously described for MAb
RAP-5.

ras p21 Expression in Mammary Carcinomas and Its Relation
ship to Estrogen Receptor and Menopausa! Status. Forty-five
mammary carcinomas from the patients whose menopausa! and
ER status were determined were evaluated for immunohisto
chemical reactivity with MAb RAP-5 (Table 4). Although a
relatively small number of patients was analyzed in each group,
carcinomas from postmenopausal patients generally demon
strated higher ras p21 expression than those from premenopau-
sal patients (Fig. 7; P < 0.01). However, no significant differ
ence of ras p21 expression in carcinomas between ER-rich and
ER-poor patients was found.

ras p21 Expression in Primary and Metastatic Mammary
Carcinomas. Tissues from 8 primary mammary carcinomas and
26 mÃ©tastasesfrom the same patients (n = 7) were examined
for their Â¡mmunohistochemical reactivity with MAbs RAP-5
and Y13-259. As shown in Fig. 8 there was a wide variety of
reactivity of MAbs with metastatic carcinomas as compared to
their respective primary carcinoma, although the reactivities of
both MAbs were comparable in each lesion. For example, in
case 1, the mÃ©tastasesto lymph node, skin, bone, colon, lung,
and pancreas showed lower expression of ras p21 than the
primary carcinoma, but the metastasis to appendix demonstra
ted higher ras p21 than the primary, and the metastasis to
ovary demonstrated the same reactivity as the primary. Al
though in every case at least one metastatic mammary carci
noma showed a lower level of ras p21 expression than the
respective primary carcinoma, in 6 of 7 patients the mÃ©tastases
to other organs demonstrated no change or even higher levels
of ras p21 than their primary carcinomas. There is therefore a
marked heterogeneous expression of ras p21 among metastatic
as well as primary mammary carcinomas.

Comparison of ras p21 by Liquid Competition Radioimmu-
noassay and Immunohistochemistry. To determine if a correla
tion exists between the evaluation of ras p21 expression by
immunohistochemical analyses and quantitative liquid compe
tition RIA, both methods were utilized to evaluate ras p21
expression in the same specimens. Biopsies of benign breast
from patients exhibiting fibrocystic change with and without
hyperplasia demonstrated 11.9 and 3.5 pg ras p21/^g protein
respectively by liquid competition RIA (Table 5). In contrast,
approximately 3- to 12-fold more ras p21 was observed in 2
biopsies from patients with invasive ductal carcinoma. As a
comparison immunohistochemical studies were performed and
demonstrated elevated expression of ras p21 in the 2 carcino
mas as well as lower expression in the 2 benign breast lesions.
The immunohistochemical reactivity of MAb RAP-5 with each
specimen was approximately equivalent to that of MAb Y13-
259.

DISCUSSION

The utilization of MAbs directed against the ras gene protein
product p21 has allowed the definition of relative levels of ras
p21 expression at a cellular level using immunohistochemical
techniques. We have previously reported enhanced expression
of ras p21 in human colon and mammary carcinomas, as
compared with their respective normal epithelium using the
RAP MAbs which have been shown to react with both point-
mutated and proto-onc forms of ras p21 (8, 9). Enhanced
cellular protooncogene has been implicated in the development
of certain human cancers (6, 24), suggesting that increased
amounts of cellular oncogene proteins may alter the regulatory
controls of cell transformation. Previous studies (9, 25) have
suggested a lack of correlation between cell proliferation and
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Table 2 Average percentage of reactivity of MAb RAP-5 with normal mammary epithelium from patients with hyperplastic lesion who werefollowed for IS yr

NormalepitheliumTissues

from patients without subsequent carci
noma development (13cases)Tissues

from patients with subsequentcarcinomadevelopment
(5cases)Total

( 18 cases)DTL16

Â±6"'31

Â±14'21

Â±12ITD11

Â±523

Â±1015Â±9ETD7Â±3I4Â±69Â±5TDLU"12Â±5/*23Â±IO''*15Â±8LD*2

Â±2'4Â±1*3Â±2Total'10Â±419

Â±712Â±7

Â°TDLU includes DTL. ITD. and ETD.
* LD includes collecting duct, segmental duct, and subsegmentai ducts.

. (DTL + ITD + ETD + LD)
Total percentage was obtained by .

**Mean Â±SD. Each percentage represents (reactive epithelial cells with MAb RAP-5)

(total epithelial cells in different level of mammary structure)
x 100.

*P<0.0\.

Table 3 Reactivity ofMAbs RAP-5, L'PC-IO, Yl3-259, and.\fOPC-21 with

mammary tissues in immunoperoxidase assay

TDLU
Fig. 5. I. immunohistochemical staining of normal mammary epithelium

adjacent to atypical ductal hyperplasia with MAb RAP-5. x 170. Two types of
epithelial cells, epithelial and myoepithelial cells of the TDLU, reacted with MAb
RAP-5. B. schematic diagram of the normal mammary duct-lobular structure of
the area in A. Note that the reactivity of MAb RAP-5 with epithelium of the
TDLU. which consists of the DTL. ITD. and ETD. was greater than that with
Ihe LD.

enhanced ras p21 expression. Fasano et al. (26) have recently
demonstrated amplification of the nonmutated N-ras gene
expression in a human mammary carcinoma cell line (MCF-7)
using a tumorigenicity assay. Moreover, Pulciani et al. (27)
have observed that transformation of NIH3T3 cells results
from the combined effect of multiple copies of Ha-ras-1 pro
tooncogene rather than from spontaneous mutation of one of
the transformed Ha-ras-1 clones. Mammary carcinomas have
been consistently negative in the NIH3T3 DNA transfection

Invasive ductal carci
noma(1)"Invasive

ductal carci
noma(2)Ductal

carcinomainsituHyperplasia

withatypia'U)Hyperplasia

withatypia'
(2)Hyperplasia

withoutatypiaFibrocystic

changeRAP-5

lgG2a+
+*(75)'Â±(D++

(60)+

(45)+

(40)â€”-MAb

andisotypeUPC-

10 Y 13-259
IgG2a IgG++

(70)-

â€”+

(50)+

(30)+

(30)--

-MOPC-21

IgGlÂ±â€”+_â€”--

Â°Numbers in parentheses, patient number.
* Intensity of reactivity: ++ (strong); + (moderate); Â±(weak); - (no reactivity).

% positive cellsNumbers in parentheses, Â¡â€”., ,. ,â€”â€” â€”â€”:â€”â€¢
total epithelial cells in each lesion

**From patients who subsequently developed carcinoma.

assay system, which is consistent with the evidence that en
hanced ras p21 expression reflects an increased expression of
the cellular, or proto-onc form of ras p21 (6,1, 10).

MAbs RAP-5 and Y13-259 have been utilized in immuno-
histochemical assays using formalin-fixed paraffin-embedded
human mammary tissues in order to define qualitative levels of
ras p21 expression in benign, potentially premalignant, and
malignant mammary tissues at the single cell level. Our results
show that there is a certain trend of ras p21 expression, that
invasive carcinoma demonstrates enhanced ras p21 expression
with generally decreasing expression in carcinoma in situ, atyp
ical hyperplasia, and nonatypical hyperplasia. Of particular
interest is the finding that atypical hyperplasia showed higher
levels of ras p21 (determined by the percentage of cell reactivity
and intensity of staining) when compared to nonhyperplastic
specimens (i.e., fibrocystic change). Hyperplasia generally dem
onstrated higher levels of ras p21 than tissues without hyper
plasia. Lesions without hyperplasia containing fibrocystic
change or no histological abnormality were almost negative.

The reactivity of MAb RAP-5 with carcinomas and adjacent
benign tissues was also examined in attempt to define the extent
and anatomic distribution of ras p21 expression in epithelial
cells of various histological types (Fig. 2). The data show a
trend that ras p21 expression is higher in invasive ductal car
cinomas with generally decreasing expression in carcinoma in
situ, hyperplastic, and normal epithelial components of the
same breast. These results are very preliminary, but suggest (a)
an enhanced ras p21 expression in carcinoma in situ and
atypical hyperplasia as well as invasive carcinoma of the breast
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""Â»k/

Fig. 6. Comparable immunohistochemical staining of serial sections of inva
sive linciai carcinoma using MAbs RAP-5 and Y13-259. A, staining pattern of
MAb RAP-5 with the carcinoma, x 330; B, serial section treated with MAb YI3-
259. x 330. Almost identical reactivity of MAbs RAP-5 (A) and Y13-259 (A) was
demonstrated in the cytoplasm of carcinoma cells.

Table 4 Average percentage of reactivity of MAb RAP-5 with invasive ductal
carcinomas of the breast according to ER and menopausa! status

PremenopausalPostmenopausal

Premenopausal and
postmenopausalER

rich27
Â±17" (4)*

50 Â±26 (22)
46 Â±26 (26)ER

poor24

Â±24 (6)
65Â± 15(13)
52 Â±26(19)ER

rich and
poor25Â±21C(10)

56 Â±23C(35)

49 Â±26 (45)

" Mean Â±SD.
4 Numbers in parentheses, number of patients examined.
cP<0.0\.
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Fig. 7. Percentage of reactivity of MAb RAP-5 with mammary carcinomas
from premenopausal patients (A) and postmenopausal patients (lit.
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Fig. 8. Percentage of reactivity of MAbs RAP-5 and Y13-259 with primary
mammary carcinomas (D) and metastatic mammary carcinomas (D) from 7
patients using immunohistochemical assays.

and (b) a trend of correlation between ras p21 and degree of lesions probably involves the enhanced expression of the normal
histological abnormality of the breast. Hence, raÃgene activa
tion and p21 expression may be involved in the early stages of
mammary carcinogenesis.

In a previous report (8), elevated ras p21 was detected in
young women with multiple fibroadenomas, a syndrome in
which hormonal factors have been implicated. In light of pre
vious studies which failed to demonstrate point mutations of
the ras gene in human mammary carcinomas, the mechanism
of ras activation in malignant and potentially premalignant

cellular ras gene. This may be mediated by hormonally con
trolled promoter sequences because hormonal factors have been
implicated in the development of these lesions (28), although
the exact mechanism of enhanced gene expression in human
mammary epithelium has not yet been clearly defined. Epide
miolÃ³gica!and histological studies have shown that mammary
carcinoma is often multifocal and is associated with other
histological lesions in the same and/or contralateral breasts
(29, 30). These observations are in concordance with our data
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Table 5 Comparison of immunohistochemical assay with liquid competition
radioimmunoassay

Immunohistochemi-1

masivc ductalcarcinomaImasivc

ductal carcinoma(2)Fibrocyslic
change with duc

talh\pcrplasiaKibrocystic
changecal

assav.rÂ¿cellsRAP

56070<51reactiveY13-25960701<'Liquidcompeti

tionRIA(pgp21/ngprotein)50.432.811.93.5

" Numbers in parentheses, patient number.

showing multifocal ras p21 expression in mammary carcinoma
and adjacent benign epithelium.

Higher levels of ras p21 expression were generally observed
in hyperplasias (particularly in atypical hyperplasias) from pa
tients who subsequently developed carcinoma, as compared to
those from patients without subsequent carcinoma develop
ment. Clinical epidemiological experience has shown that atyp
ical hyperplasias are associated with a higher risk of subsequent
carcinoma development. Dupont and Page (11) and Page et al.
( 14) reported in their long term follow-up studies that the risk
of invasive ductal carcinoma after a diagnosis of atypia was 4
to 5 times that of the general population. Although only the
limited number of cases were analyzed (because most of the
primary biopsy tissues have not been kept for more than 15 yr),
our findings suggest that ras gene activation may be an early
event in the process of cellular transformation from benign to
malignant. These preliminary studies, however, must eventually
be expanded before any conclusions can be drawn.

Normal mammary epithelium anatomically located in the
TDLU generally demonstrated higher levels of ras p21 expres
sion than that of the LD, particularly in specimens from pa
tients who subsequently developed carcinoma. Previous mor
phological studies have suggested that the TDLU of human
mammary gland (16, 17), and the terminal end buds of rat
mammary gland (31) contain the epithelial cells which give rise
to carcinoma. A spectrum of change from nonatypical hyper-
plasia through atypia to carcinoma within papillary lesions has
been demonstrated in the TDLU by a 3-dimensional reconstruc
tion study (17). In light of the findings reported here one might
speculate that epithelial cells located in the TDLU expressing
elevated ras p21 may be different from epithelium in the LD.
This expression may indicate a transitional cellular state before
the malignant phenotype, i.e., somewhere between the initia
tion, promotion, and transformation phases of carcinogenesis.
This interpretation, however, must be viewed as preliminary
because the data presented included only a limited number of
patients with long term follow-up. In fact, until a much larger
pool of specimens is obtained for both retrospective and pro
spective studies, no prediction in terms of carcinoma develop
ment for any individual patient on the basis of the level of ras
p21 expression can be drawn.

The specificity of M Ab RAP-5 for ras p21 expression was
confirmed by parallel assays with M Ab Y13-259 using same
tissues. We detected ras p21 expression in formalin-fixed par
affin-embedded carcinoma and atypical hyperplastic tissues us
ing MAb Y13-259 and ABC immunohistochemical assay, and
obtained qualitatively similar cellular reactivity with MAb
RAP-5. In addition, absolute values of ras p21 in breast biopsy
specimens were determined using a liquid competition RIA,
and the results were compared with the immunohistochemical
reactivity of the same specimens using MAbs RAP-5 and Y13-

259. Quantitative evaluation of ras p21 by competition RIA
correlated with reactivity observed using immunohistochemical
analyses. These results validate the utility of immunohisto
chemical methods for the evaluation of relative levels of ras
p21 in tissue specimens and demonstrate the potential value of
concurrent analyses of tissues using both methods.

Kasid et al. (32) transfected viral Ha-ras DNA into MCF-7
human breast carcinoma cells and found that the cells acquiring
an activated oncogene are estrogen independent in the nude
mouse tumorigenicity assay. However, they were unable to find
any effect of estrogen stimulation on cellular Ha-ras, myc, mht,
erba, sis, or myb gene expression in MCF-7 cells. In this study,

the relationship of ER, menopausa! status, and ras p21 expres
sion in human mammary carcinomas was evaluated using MAb
RAP-5 and immunohistochemical assay. Generally higher lev
els of ras p21 were found in carcinomas from postmenopausal
patients when compared to tumors from premenopausal pa
tients. However, we could not find any significant differences
in ras p21 expression between carcinomas in ER-rich and ER-
poor patients. Our results suggest that estrogen stimulation
may not effect levels of ras gene expression in human mammary
carcinogenesis.

Activation of cellular oncogenes may be important events in
tumor initiation, promotion, and progression. Whether or not
subtle alterations in the regulation of cellular ras gene expres
sion provide an impetus for further neoplastic events requires
comprehensive analyses of different stages of tumor progres
sion. In this study, tumors from primary mammary carcinomas
as well as metastatic carcinomas from the same patients have
been examined for the expression of ras p21 using MAbs RAP-
5 and Y13-259. In every case examined at least one metastatic
mammary carcinoma showed a lower level of ras p21 than
respective primary carcinoma, while in 6 of 7 cases mÃ©tastases
to other sites demonstrated no change or even higher levels of
ras p21 expression than did their respective primary tumors.
Gallick et al. (33) reported that in distant mÃ©tastasesfrom
primary colon tumors, the level of ras p21 in tumor tissue was
considerably reduced with respect to that observed by immu-
noblotting technique in primary colonie tumor tissue. However,
they also found that mÃ©tastasesto the lung from 2 patients with
mammary tumors and one patient with a sarcoma showed no
changes in the level of ras p21 expression versus that observed
in the primary tumor. The data reported here suggest that if
ras gene activation is involved in cellular transformation of
human mammary epithelium, a continuous expression of ras
p21 in all tumor cells does not appear to be necessary for the
maintenance of the transformed phenotype.

ACKNOWLEDGMENTS

We gratefully acknowledge Dr. A. Schwartz, George Washington
University, for supplying some of the tissues and the hormonal status
of these patients. Dr. J. Robbins for helpful suggestion of statistical
analysis, L. Otsby for his photographic assistance, and L. Fraker,
Vanderbilt University Hospital.

REFERENCES

1. Reddy, E. P., Reynolds. R. k . Santos. Iâ€¢...and Barbacid, M. A point mutation
is responsible for the acquisition of transforming properties of the T24
human bladder carcinoma oncogene. Nature (Lond.), 300: 149-152, 1982.

2. Taparowsky, E., Suard. Y.. Fasano, O., Shimizu, K., Goldfarb, M., and
Wigler, M. Activation of the T24 bladder carcinoma transforming gene is
linked to a single amino acid change. Nature (Lond.). 300: 762-765, 1982.

3. Tabin, C. J., Bradley, S. M., Bargmann, C. I., Weinberg, R. A., Papageorge,
A. G., Scolnick, E. M., Dhar, R.. Lowy, D. R., and Chang, E. H. Mechanism
of activation of a human oncogene. Nature (Lond.), 300: 143-149, 1982.

2518

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426318/cr0460052511.pdf by guest on 19 M

ay 2023



ras p21 EXPRESSION IN HUMAN MAMMARY TISSUES

4. Schwab. M., Alitalo, K.. Varmus. H. E., and Bishop, J. M. A cellular
oncogene (C-Ki-raÃ)is amplified, over-expressed, and located within kary-
oiypic abnormalities in mouse adrenocortical tumor cells. Nature (Lond.),
303:497-501. 1983.

5. DeBortoli. M. E.. Abou-Issa. H.. Haley. B. E., and Cho-Chung, Y. S.
Amplified expression of p21 raÃprotein in hormone-dependent mammary
carcinomas of humans and rodents. Biochem. Biophys. Res. Commun., 127:
699-706. 1985.

6. Varmus. H. E. The molecular genetics of cellular oncogenes. Annu. Rev.
Genet.. 18: 553-612. 1984.

7. Kraus. M. H., Yuasa. Y., and Aaronson. S. A. A position 12-activated H-rai
oncogene in all HS578T mammary carcinoma cells but not normal mammary
cells of the same patient. Proc. Nati. Acad. Sci. USA, 81: 5384-5388, 1984.

8. Horan Hand. P.. Thor. A.. Wunderlich, D., Muraro, R.. Caruso, A., and
Schlom. J. Monoclonal antibodies of predefined specificity detect activated
raÃgene expression in human and mammary colon carcinomas. Proc. Nati.
Acad. Sci. USA. 81: 5227-5231. 1984.

9. Thor. A.. Horan Hand. P.. Wunderlich. D., Caruso, A., Muraro, R., and
Schlom. J. Monoclonal antibodies define differential ras gene expression in
malignant and benign colonie diseases. Nature (Lond.), 311: 562-565. 1984.

10. Spandidos. D. A., and Agnantis. N. J. Human malignant tumors of the
breast, as compared to their respective normal tissue, have elevated expression
of the Harvey-rai oncogene. Anticancer Res.. 4: 269-272. 1984.

11. Dupont, W., and Page. D. L. Risk factors for breast cancer in women with
proliferarne breast disease. N. Engl. J. Med., 312: 146-151, 1985.

12. Kodlin. D.. Winger, E. E., Morgenstern, N. L., and Chen. U. Chronic
mastopathy and breast cancer. A folllow-up study. Cancer (Phila.), 39:2603-
2607, 1977.

13. Page. D. L.. VanderZwaag, R.. Rogers. L. W., Williams, L. T., Walker, W.
E., and Hartmann, W. H. Relation between component parts of fibrocystic
disease complex and breast cancer. J. Nati. Cancer Inst.. 61: 1055-1063.
1978.

14. Page. D. L.. Dupont. W. D., Rogers. L. W.. and Rados, M. S. Atypical
hyperplastic lesions of the female breast. A long term follow-up study. Cancer
(Phila.). 55: 2698-2708, 1985.

15. Hutchinson, W. B.. Thomas, D. B.. Hamlin. W. B., Roth, G. J.. Peterson.
A. V.. and Williams, B. Risk of breast cancer in women with benign breast
disease. J. Nati. Cancer Inst., 65: 13-20, 1980.

16. Wellings. S. R.. Jensen, S. M., and Marcum, R. G. An atlas of subgross
pathology of the human breast with special reference to possible cancerous
lesions. J. Nati. Cancer Inst., 55: 231-273, 1975.

17. Ohuchi. N., Abe, R.. and Kasai, M. Possible cancerous change of intraductal
papillomas of the breast: a 3-D reconstruction study of 25 cases. Cancer
(Phila.). 54: 605-611, 1984.

18. Furth. M.. Davis, L. J., Fleurdelys. B.. and Scolnick, E. M. Monoclonal
antibodies to the p21 products of the transforming gene of Harvey murine

sarcoma virus and of the cellular raÃgene family. J. Virol., 43: 294-304.
1982.

19. Potter, M. Immunoglobulin-producing tumors and myeloma proteins of
mice. Physiol. Rev., 52: 631-719. 1972.

20. Hsu. S. M., Raine. L., and Fanger, H. Use of avidin-biotin peroxidase
complex (ABC) in immunoperoxidase technique: a comparison between ABC
and unlabeled antibody (PAP) procedures. J. Histochem. Cytochem., 29:
577-580,1981.

21. Nuti. M., Teramoto, Y. A., Mariani-Costantini. R.. Horan Hand. P.. Colcher.
D.. and Schlom, J. A monoclonal antibody (B72.3) defines patterns of
distribution of a novel tumor associated antigen in human mammary carci
noma cell population. Int. J. Cancer, 29: 539-545. 1982.

22. Remington, R. D., and Schork, M. A. Statistics with Applications to the
Biological and Health Sciences, pp. 313-315. Englewood Cliffs, NJ: Prentice-
Hall, Inc., 1970.

23. Leeke, R. E., Laing, L., Caiman, K. C, Macbeth, F. R., Crawford, D., and
Smith. D. C. Oestrogen receptor status and endocrine therapy of breast
cancers: response rates and status stability. Br. J. Cancer. 43: 59-66. 1981.

24. Alitalo. K. Amplification of cellular oncogenes in cancer cells. Med. Biol..
62:304-317. 1984.

25. Yaswen, P., Goyette, M., Shank, P. P.. and Fausto, N. Expression of c-Ki-
rai, c-Ha-rai. and c-myc in specific cell types during hepatocarcinogenesis.
Mol. Cell. Biol., 5: 780-786, 1985.

26. Fasano, O., Birnbaum, D.. Edlund. L.. Fogh, J.. and Wigler, M. New human
transforming genes detected by a tumorigenicity assay. Mol. Cell. Biol., 4:
1695-1705. 1984.

27. Pulciani, S. Santos, E.. Long. L. K., Sorrentino. V.. and Barbacid. M. raÃ
gene amplification and malignant transformation. Mol. Cell. Biol.. 5: 2836-
2841. 1985.

28. Robbins. S. L., and Cotran, S. R. Pathologic Basis of Disease, pp. 1317-
1318. Philadelphia: W. B. Saunders. Co., 1979.

29. Schwartz. G. F., Patchesfsky, A. S., Feig, S. A., Shaber, G. S.. and Schwartz.
A. B. Multicentricity of non-palpable breast cancer. Cancer (Phila.). 45:
2913-2916,1980.

30. Westman-Naeser, S., Bengtsson. E.. Erikson, O., Jarkrans, T., Nordin, B.,
and Stenkvist, B. Multifocal breast carcinoma. Am. J. Surg.. 142: 255-257,
1981.

31. Russo, J., Tay, L. K., and Russo. I. H. Differentiation of the mammary gland
and susceptibility to carcinogenesis. Breast Cancer Res. Treat., 2:5-73. 1982.

32. Kasid, A., Lippman, M. E., Papageorge. A. G.. and Gelmann, E. P. Trans-
fection of v-ras" DNA into MCF-7 human breast cancer cells bypasses
dependence on estrogen for tumorigenicity. Science (Wash. DC). 228: 725-
728, 1985.

33. Gallick, G. E., Kurzrock, R.. Kloetzer. W. S., Arlinghaus. R. B.. and Gutter-
man. J. U. Expression of P21â„¢in fresh primary and metastatic human
colorectal tumors. Proc. Nati. Acad. Sci. USA, Â«2:1795-1799. 1985.

2519

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426318/cr0460052511.pdf by guest on 19 M

ay 2023




