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Abstract The p21l/WAF1/Cipl antibody, DCS-60, was
characterized by means of immunoblotting and immuno-
fluorescence on a variety of human breast cancer cell
lines. Heterogeneous staining of nuclei was observed
with strong staining of cellsin early G,. p21/WAF1/Cipl
expression in invasive ductal, not otherwise specified
breast carcinomas was determined using immunohisto-
chemistry with this antibody and computerized image
analysis. Two hundred and twenty-two tumors, including
130 from patients with no axillary node involvement,
were examined. p2l-positive tumor cell nuclei were
found in 30% of the breast carcinomas. The percentage
of tumor cell nuclei that were positive ranged from less
than 1% to greater than 10%. In the whole cohort of pa-
tients, p21 expression was significantly associated with a
low histological grade. In the node-negative group, there
was a significant negative correlation between p21 posi-
tivity and a high (>10%) MIB-1 score. The mean MIB-1
score was significantly lower in p21-positive tumors in
the whole cohort of patients (P=0.03) and in the node-
negative group (P=0.02). No association was found be-
tween p21 expression and overall survival at 5 years.
With respect to p21/p53 phenotype, the significant
difference in survival was noted only for the group
of patients treated with adjuvant chemotherapy. The
p21- p53+ phenotype had the worst survival (58% sur-
viving 5 years), while the p21+ p53— phenotype had
good survival (83% surviving 5 years; P<0.05). The re-
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sults seem to suggest a correlation between p21/p53 phe-
notype and response to adjuvant chemotherapy.
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Introduction

Poor prognosisin invasive breast cancer has been associ-
ated with both a high proliferation index of tumor cells
[13] and with immunohistochemical p53 positivity [38].
The issue of p53 and prognosis in breast carcinoma is
gtill  controversial [3]. p53 mutations are found in
17-33% of breast carcinomas by DNA sequencing [2, 9,
26, 33, 37], and an accumulation of p53 is noted in
23-52% using histochemistry [1, 12, 20, 35, 38]. Such
tumors aso have a high growth fraction, presumably be-
cause tumor cells with p53 mutations that result in p53
accumulation are released from p53-mediated growth ar-
rest. p53 can block the cell cycle by stimulating the
WAF1/Cipl gene, which codes for a p21 protein that as-
sociates with and inhibits the cyclin-dependent kinases,
the principal enzymes needed for cell cycle progression
[17, 18, 41]. p21 is an important posttranscriptional ef-
fector in the p53-specific pathway of cell cycle control
(reviewed in [10, 14, 15, 19]) and, therefore, it is reason-
able to suppose that it may have prognostic significance
in breast cancer. It seems, however, that p21 can be in-
duced in cells by p53-dependent and p53-independent
pathways [24, 27, 34, 36], and it is not clear whether this
isalso true for clinical specimens.

The clinical significance of p21 expression in breast
cancer is still unknown. The few studies published to
date on p21 expression in breast carcinomas reach differ-
ent conclusions. Wakasugi et al. [40] and Jiang et al. [22]
found a significant association of p21 expression with
low histological grade, negative axillary lymph nodes,
and better relapse-free survival, whereas Barbereschi et
al. [4] and Caffo et al. [7] reported opposite results. Diab
et a., [11] found no correlation between p21 expression



and survival in node-negative breast cancers. In two
studies [22, 40], proliferation rate was not studied.
Barbereschi et al. [4] and Caffo et al. [7] did not find a
correlation between MIB-1 score and p21 expression,
nor did Diab et a. [11] find a correlation between
S-phase fraction and p21 expression. Finally, Rey et al.
[32] reported a significant association of p2l1 positivity
with an increased percentage of cellsin S phase. The as-
sociation of p53 accumulation with p21 expression in
clinical specimens of breast cancer remains controver-
sial. Positive [11], inverse [6, 22, 40], and no association
[4, 7] have been reported in different studies.

One reason why p21 expression might be expected to
have prognostic significance is its antiproliferative ef-
fect. In view of the controversies mentioned above and
because the influence of the p53/p21 phenotype on pro-
liferative activity of breast cancer cells has not yet been
reported, the purpose of this study was threefold: (1) to
explore the relationship between p21 expression, p53 ac-
cumulation, and tumor cell proliferation rate in invasive
ductal not otherwise specified (NOS) breast carcinomas,
(2) to look for correlations between p21 expression and
clinicopathological prognostic factors, such as axillary
lymph node status and tumor size; and (3) to assess the
influence of p21 expression in tumor cells on the overall
5-year survival of patients with invasive ductal NOS
breast cancer. To do so, we have used the largest cohort
of invasive ductal carcinomas examined with p21 anti-
bodies to date and a novel p21 antibody, DCS-60.

Materials and methods

Cell culture

The human diploid fibroblast cell line WI38, the simian virus
(SV)40-transformed breast epithelial cell line HBL-100, and the
human breast cancer cell lines MCF-7, BT-549, MDA-MB-134,
MDA-MB-157, MDA-MB-231, MDA-MB-453, MDA-MB-468,
ZR-75, BT-20, SK-BR-3, and T-47D were cultured in Dulbecco’s
modified Eagles medium, supplemented with 10% fetal calf se-
rum, 2 mM glutamine, 10 U/ml penicillin, and 10 U/ml streptomy-
cin.

Immunoblotting

Total cell extracts were prepared through direct lysis of exponen-
tially growing cells with hot Laemmli sample buffer, and loading
was adjusted according to Coomassie staining of control gels. Ex-
tracted proteins were separated on 12% polyacrylamide gelsin the
presence of sodium dodecy! sulfate (SDS), blotted onto nitrocellu-
lose using a semi-dry method and probed for p21 using the en-
hanced chemiluminescence system (Amersham, Aylesbury, UK)
according to the manufacturer’s instructions. |mmunofluorescence
staining was performed as described [23], using biotinylated anti-
mouse immunoglobulin antisera as the secondary reagent, fol-
lowed by Texas red-conjugated Streptavidin (Vector Laboratories).
Hoechst dye was used to counterstain the DNA.

Patients and tumor material

Formalin-fixed and paraffin-embedded tumor tissues from 222 un-
selected female patients with primary invasive ductal NOS breast
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carcinoma were retrieved from the files of the Department of
Oncology, Medical Academy, Lodz, Poland. All patients under-
went mastectomy with axillary lymph node dissection, and clinical
follow-up was available for at least 60 months. Histological typing
was performed according to the procedure of Millis and Girling
[28], and histological grading was performed according to the pro-
cedure of Bloom and Richardson [5]. The computerized database
contained the age of the patient, the number of positive lymph
nodes, the size of the tumor, the histological type and grade, the
stage of the disease at diagnosis, the treatment protocol, the date
of operation, and the date of the last checkup or of death. Twenty-
nine (32%) of the node-positive patients received adjuvant
systemic chemotherapy (CMF) (cyclophosphamide, methotrexate,
5-fluorouracil), five (5%) received adjuvant hormonotherapy
(tamoxifen), and 19 (21%) received adjuvant chemo- and hormo-
notherapy. In the node-negative group of patients, 36 (28%) re-
ceived adjuvant chemotherapy (CMF), 12 (9%) received adjuvant
hormonotherapy (tamoxifen), and eight (6%) received adjuvant
chemo- and hormonotherapy. In addition, p53 status was available
for 221 tumors tested with the monoclona p53 antibody, DO1,
from results published previously [12], while the MIB-1 score was
known for 192 tumors from results also published previously [13].

Immunohistochemistry for p21

Sections were deparaffinized, immersed in citrate buffer (pH 6.0),
and subjected to four microwave cycles according to Catoretti
et al. [8]. The sections were incubated with the monoclonal p21
antibody DCS-60 used as an undiluted supernatant for 60 min at
room temperature, washed, and reacted with biotinylated rabbit
anti-mouse antibody and streptavidin peroxidase (Histostain-SP
kit: Zymed Laboratories, Inc., San Francisco, Calif.). The sections
were washed and then lightly counterstained with hematoxylin.
Areas with the highest numbers of p21-positive cells were identi-
fied by scanning sections at low magnification. One such area was
selected to start the counting and then additional contiguous fields
were selected at random until at least 1000 tumor cells had been
counted. Counts were made using the Leica Quantimet 600 S
computerized image analysis system connected to an Axiophot
microscope (Zeiss, Germany) and a 40x objective. The results
were scored as the percentage of tumor cell nuclel that were
p21-positive.

Statistical analysis

The association between p21 status and clinicopathological factors
was assessed using the x2 test. The association between MIB-1
score and p21 and p53 statuses was assessed using the Student’s
t test. Differences between Kaplan—Meier survival curves were
tested using the Wilcoxon test, as modified by Peto. All data were
analyzed with the Statistica computer program.

Results
Characterization of the p21 antibody on cell lines

The isolation of the DCS-60 monoclona antibody spe-
cific for human p21 protein has been described [39]. The
specificity of the DCS-60 antibody for p21 was verified
by means of immunaoblotting and immunoprecipitation
on a series of cell lines with known p53 status (Fig. 1).
Immunoblotting of p21 in total cell extracts reveded a
good overal correlation with the presence of wildtype
p53 (Fig. 1). Relatively high levels of the p21 protein
were found in the MCF-7 and ZR-75 cell lines, which
both contain wildtype p53. An intermediate level of p21
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Fig. 1 Abundance of p21 correlates with p53 status in human
breast cancer cell lines. Immunaoblotting analysis of p21 in total
cell extracts prepared from exponentially growing cells, using an-
tibody DCS-60. Note that the highest levels of p21, comparable
with that in control diploid fibroblasts (WI-38), are found in
ZR-75 and MCF-7 breast cancer cell lines, which harbor wild-type
p53. In contrast, a lower abundance of p21 is found in simian
virus (SV)40-transformed HBL-100 cells, with very low or unde-
tectable levelsin the remaining six cell lines, which have different
point missense mutations in the p53 gene. The cell lines are shown
at the top, and the molecular weight of the markers on the right is
given in kilodaltons

was found in the SV40-transformed HBL-100 cell
line. Low or undetectable levels of p21 protein were
found in the nine breast cancer cell lines which contain
mutant p53, i.e, in MDA-MB-134, MDA-MB-157,
MDA-MB-231, MDA-MB-453, MDA-MB-468, BT-20,
BT-549, SK-BR-3, and T47D. It aso recognizes p21
in mouse cells overexpressing exogenous human p21
(Welcker and Bartek, unpublished data). mmunoblotting
with the mouse monoclonal antibody MO-1 against
CDK7, a ubiquitously expressed nucleoprotein, showed
that approximately equal amounts of extract had been
loaded in @l lanesin Fig. 1 (data not shown).
Immunofluorescence staining and evaluation of p21
at the single cell level showed that the p21 protein local-
ized exclusively to cell nuclei. The abundance of p21
varied widely among individual cells in the MCF-7 or
ZR-75 cell lines, with only a minor subpopulation of
cells showing strong positivity. It was striking that the
strongly stained cells were found often in pairs (Fig. 2),
and their arrangements resembled cells in late telophase
or early G1. In several breast cancer cell lines known to
have mutant p53, there was a small subset of cells show-
ing weak p21-specific staining (data not shown). In con-
trast, all nuclei were stained with the MO-1 antibody.

p21 positivity in histological specimens

Tumor cells were scored as positive for p21 if there was
red nuclear staining (Fig. 3). Examination of normal
breast tissue showed occasiona p21-positive nuclei. The
percentage of tumor cells that were p21-positive ranged
from O to 16%. In 156 tumors, no tumor cells were
stained. In 20 tumors, 0.1-1%, in 22 tumors 1-3%, in 20
tumors 3-10%, and in 4 tumors more than 10% of tumor
cell nuclei were p21-positive. These 66 tumors constitut-

Fig. 2a,b Immunofluorescence visualization of p21 in the expo-
nentially growing MCF-7 breast cancer cell line. a Strong nuclear
positivity for p21 in a small subset of cells, as detected with the
antibody DCS-60. Positive cells are usually found in pairs and are
probably ‘daughter cells' in late telophase or early G1. b Hoechst
nuclear staining of the same cells as in (a). Magnification a,
b x800

ed the p21-positive group. The distribution of p21 tumor
cells was heterogeneous, with p21 tumor cells often ap-
pearing in clusters (Fig. 3a, b), and sometimes in the tu-
mor material it was easy to distinguish pairs of cells that
were strongly stained with p21 antibody (Fig. 1b). The
staining intensity of p2l-positive tumor nuclei was
heterogeneous. In some grade-lll carcinomas, p21 ex-
pression was seen in very large nuclel (Fig. 3c) and in nu-
clel of multinucleated tumor cells (Fig. 3d). Tumor cells
in 30% (66 of 222) of the invasive ductal NOS breast car-
cinomas expressed p21. In the node-negative subset, p21
was present in 32% (41 of 130), while in the node-posi-
tive subset, 27% (25 of 92) were p21-positive (Table 1).

Comparison of p21 status to other
clinicopathological characteristics

The results in Table 1 show that p21 expression in the
whole cohort of patients was associated with low histo-
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Fig. 3a—d p21 expression in invasive ductal not otherwise speci- nucleus in a grade-3 carcinoma. d Multinucleated tumor cell
fied (NOS) breast carcinomas. a Grade-2 carcinoma with single with strong p21 expression. Streptavidin peroxidase method with
p21-positive tumor cell nuclei. b Grade-3 carcinoma, with strong  3-amino-9-ethylcarbazol (AEC) as the chromogen and light hema-
p21 reactivity in a group of tumor cell nuclei. c Huge p21-positive  toxylin counterstain. Magnification: a, b x250; ¢, d x400
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Tablel p21 ession related . " . " " "
to otr?er cﬁ)iniceci(pf’artggi (r:a| All patients p21-positive Node-negative p21-positive  Node-positive p21-positive

factors. NS not significant

n (%) P n (%) P n (%) P
Grade
[+ 43/116 (37) 0.01 25/67 (37) NS 18/49 (37) 0.03
Il 23/106 (22) 16/63 (25) 7143 (16)
Size (mm)
<30 24/75 (32) NS 12/49 (25) NS 12/26 (46) 0.01
>30 42/147 (29) 29/81 (36) 13/66 (20)
MIB-1
<10% 26/78 (33) NS 17/41(42) 0.01 9/37(24) NS
>10% 24/110 (22) 14/70 (20) 10/40 (25)
p53
Negative 53/158(34) (NS)0.058 32/89(36) NS 21/69 (30) NS
Positive  13/63 (21) 9/41 (22) 4/22 (18)
Nodes

Negative 41/130(32) NS
Postive  25/92 (27)
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logical grade (grades | plus 1l vs grade I11). p21 positiv-
ity showed a trend for an inverse correlation with p53
expression that, however, did not reach statistical signifi-
cance (P<0.058). In node-negative patients, there was a
significant negative correlation between p21 expression
and a MIB-1 score greater than 10% (P<0.01). In node-
positive patients, a significant correlation was found on-
ly between p2l expression and tumor size less than
30 mm (P=0.01) and between p21 expression and histo-
logical grade | plus |l (P=0.03; Table 1).

p21 and proliferation rate of tumor cells

The mean MIB-1 score was significantly lower in p21-
positive than in p21-negative tumors (P=0.03 for al and
P=0.02 for axillary node-negative patients). In tumors
from node-positive patients a similar trend was seen but
it was not significant (Table 2). When tumors were di-
vided into four groups according to p21 and p53 status,
statistically significant differences in the MIB-1 score
between the p21+ p53— group vs the p21— p53+ tumor
group were found. This was true for all patients, for
node-positive patients, and for node-negative patients
(Table 3).

Prognostic significance of p21
One hundred and forty-two (64%) patients survived
5 years. The mean follow-up time for these patients was

Table 2 p21 expression and proliferation rate of tumor cellsin in-
vasive ductal not otherwise specified (NOS) breast carcinomas

69 months. When a cutoff level of less than 0.1% was
used for p21 expression, Kaplan-Meier survival curves
showed no statistically significant association between
p21 expression in tumor cells and 5-year survival either
in the whole cohort of patients or in the node-negative or
node-positive subsets (data not shown).

When the p21 cutoff level was raised to more than
3%, and patients were stratified into four groups accord-
ing to the p21/p53 status and further subdivided accord-
ing to node status and therapy modality, five subsets
could be analyzed, i.e., al, node-negative, node-positive,
not treated with adjuvant therapy, and treated with adju-
vant therapy. A significant (P<0.035) difference in
Kaplan—Meier 5-year survival curves between patients
with p21-/p53+ vs p21+/p53— tumors was found only in
the group of patients treated with adjuvant therapy. In
this group, only 58% of patients with p21-/p53+ tumors
survived 5 years, whereas 83% of patients with
p21+/p53— tumors survived 5 years. Thus, in patients
treated with adjuvant therapy, the p21-/p53+ tumor
phenotype was associated with the worst prognosis.

Discussion
p21 expression in ductal carcinomas

In this report, we present immunohistochemical results
on p21 expression in a homogeneous group of 222 inva-
sive ductal NOS breast carcinomas. Previous studies
have been concerned with p21 expression in histologi-
cally heterogeneous breast carcinomas and have usually
not distinguished between the different histological types
of breast carcinomas|[4, 6, 7, 16, 22, 32, 40].

We found, using the DCS-60 antibody and a cut off
level of 0.1%, that 30% of invasive ductal breast cancers

p21 status " MIB-1 (%)+SD P expressed p21. p21 expression was heterogeneous both
All patients 192 in terms of its distribution in the tumor tissue and inten-
p21-negative 140 18.3+14.6 sity of expression, i.e., different percentages of p21-posi-
p21-positive 52 13.3x11.7 0.03 tive tumor cell nuclei were found in different tumors,
Node-negative 114 and positive nuclei differed in staining intensity. In gen-
p21-negative 82 19.5+14.1 eral, the level of expression of p21 was low. Only four
p21-positive 32 12.9+10.6 0.02 tumors (6%) in our study expressed p21 in more then
Node-positive 8 10% of tumor _cells. The highest percentage of p21-posi-
_ tive cells seen in atumor was 16%.
p21-negative o8 16.2¢15.1 Table 4 summarizes studies that have investigated p21
p21-positive 20 13.9+13.6 NS S - L AL
expression in breast carcinomas. Significant variation is
;’r?é) ?5% ;Qtilsn;:]u,s,ﬂcg_c{fgﬁ%e p21  p53 All Node negative Node positive
gg;?;j‘dvf’ngg‘)ajb{‘g; therwise N MIB-12(%£SD) n  MIB-15(%SD) n  MIB-1¢(%SD)
mes 1 - - 95  13.3+11 54 14812 41 112410
2 - + 44 30.0+15 28 28.6x14 16 29.6+18
3+ - 42 10.7+8 25  11.3%9 17 9.7+7
4 o+ + 10 24517 7 18.7+14 3 38018

a]lvs2P<0.001; 1vs4 P>0.001; 2 vs 3 P<0.001; 3 vs 4 P<0.001
b2 vs 3 P<0.001; 1 vs2 P<0.001
¢1vs2P<0.001; 1vs4P>0.001; 2 vs3P>0.001; 3vs4 P>0.001
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Table 4 p21 expression in breast carcinomas. F formaldehyde; Mw microwave irradiation

Series Year n Histological type Cutoff p21+  Antibody p21+ p21+  Fixa Method of
— levd MCF-7 nuclei Tumors tion counting of
Invasive Others p21+  cells (range) p21+ cells
ductal
1. Barbareschieta.[4] 1996 91 74 17 >10% Oncogene 0-50% 26% F Semi-quantitatived
EA10
2. Caffoetad.a[7] 1996 261 164 34 >10% Oncogene 0-90% 32% F Semi-quantitatived
EA10
3. Diabetal.b[11] 1997 115 ? ? >0% Oncogene 0-60% 43%c F Not described
Ab3
4. Giannikaki et al. [16] 1997 102 88 14 >1% Oncogene 0-25% 37% F Not described
5. Jiangetal. [21] 1997 106 84 22 >25% SantaCruz 0-62% 32% F?  Semi-quantitative®
clone 187
6. Wakasugi et al.[40] 1997 104 93 11 >10%  Alli Oncogene  ? 49% Mw  Semi-quantitatived
7. Reyeta.[32] 1998 77 62 15 >5% Oncogene  ? 57% F Semi-quantitative’
EA10
8. Reedetdl.[3]] 1999 77 62 15 >0% Oncog. Res. 0-75% 68% F
Prod. CC12
9. Mathoulin-Portier [25] 2000 162 162 - 21% France 0-60% 53% F?  Not described
Biochem.
AB1
10. Thisstudy 222 222 0 >0.1% Some< DCS-60 0-16% 30% F Computerized
image analysish

a91 cases from no. 1 included

b Node-negative only

¢1n 90% of positive tumors, the percentage of p21+ cells was low
(>10%)

d At least 500 cellsin the most densely stained areas

€500 cellsin five most representative areas

f1n ten random high-power fields within the most stained areas

seen both in the percentage of p2l-positive tumors,
which varied from 26% [4] and 30% (this study) to 57%
[6], and in the percentage of p21 nuclei that are positive
in the different studies. In all studies, except one which
used microwave fixation [40], formalin-fixed paraffin-
embedded tissue was used and, therefore, the method of
fixation is unlikely to be responsible for the differences.
Factors that may explain the differences apparent in
Table 4 include (1) the different histological material
used in the different studies, (2) the different cutoff
levels which ranged from 0% [11], to greater than 25%
[22] (Table 4); (3) the different counting procedures. We
started counts in a “hot spot” area and then additional
contiguous fields were selected randomly until at least
1000 cells had been counted. Others counted p21-posi-
tive cells in “the most densely stained areas’ [4, 7], in
the “five most representative areas’ [22], “in ten random
high-power fields within the most stained areas’ [32], or
“in five different fields’ [40]. We made counts using
computerized image analysis, whereas others used semi-
guantitative estimates; and (4) the different p21 antibod-
ies. In this study, using the DCS-60 antibody, 0—16% of
tumor cells were p21-positive. Diab et al. [11], using the
Oncogene Ab3, found in amost all of their positive tu-
mors (90%) that only a low proportion of cells (<10%)
were stained for p21. However, in the other studies listed

9In five different fields

h Count started in the most stained area and then additional contig-
uous fields were selected randomly until at least 1000 cells were
counted

tAll tumor cells p21-positive

kOnly afraction of tumor cells p21-positive

in Table 4, most of which used the EA10 antibody, the
percentage of tumor cell nuclei showing p21 expression
was higher. Thus, more than 10% of p21-reactive tumor
cells were found in 26% [4], 32% [7], and 49% [40] of
tumors, respectively. The highest percentage of p21+ nu-
clei in positive cases reached 90% in one study [7] and
62% in a second [22] (Table 4). Of the factors we list,
probably the most important is the different p21 anti-
bodies.

The DCS-60 antibody primarily detects cellsin early G,

Immunostaining of both cells in culture (Fig. 1) and of
histological material (Fig. 3) suggests that cells in early
G, are preferentially stained by the DCS-60 antibody.
p21 has separate binding sites for the cyclins and cyclin-
dependent kinase (CDK) and uses both of these contacts
to bind the cyclin/CDK complexes with high affinity.
The target epitope of the DCS-60 antibody has been |o-
cated within the N-terminal domain of the p21 polypep-
tide, within the short region that physically interacts with
the cyclins (Bartek et al., unpublished data). As a conse-
guence, the DCS-60 antibody can immunoprecipitate
free p21 or the transient complex of p21 with CDK but
not the usually most abundant trimeric complex of
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p21+cyclin/CDK, since the antibody competes for p21
with the cyclin. Thus, we speculate that the reason that
immunostaining with DCS-60 reveals early G, cells is
that thisis the point in the cell cycle when the cyclins are
still expressed at low levels, and p21 (if significantly
expressed in a cell) is present in one of the two forms
recognized by DCS-60. During other stages of the cell
cycle, p21 is mainly found in a complex with cy-
clin/lCDKs (and is lower in abundance as well).There-
fore, the DCS-60 epitope is not accessible unless there is
such a high level of p21 in the cell that some of it isin
excess and thus in a free form which again is recognized
by DCS-60. This latter scenario almost certainly explains
the strongly p21-positive bizarre cells seen, for instance,
in Fig. 3c. These may be damaged cells responding to a
checkpoint with high levels of p21 or may be revealing a
“senescence-like phenotype” in which p21 again plays a
role and is expressed at high levels. A senescence-like
phenotype has been shown to occur in tumor cells or dip-
loid cells exposed to prolonged mitotic overload, and
such a phenotype may represent one of the critical de-
fense mechanisms against tumor development or pro-
gression. Such a mechanism may be able to stop or elim-
inate even tumor cells as long as they are able to respond
by elevating p21.

p21 expression in p53-negative and in p53-positive
breast carcinomas

Our results suggest a trend for an inverse relation be-
tween p21 expression and p53 accumulation in invasive
ductal breast carcinomas, in keeping with previous find-
ings showing a significant inverse relationship between
p53 accumulation and p21 expression [22, 40] in breast
cancer and a strong negative correlation between the
presence of p53 mutations and p21 expression both in
breast carcinoma [30] and in breast cancer cell lines [29,
30] on the messenger (M)RNA level. However, our re-
sults suggest that p21 could still be induced in tumors
with mutant p53 since among p53-positive tumors those
that were p21l-positive had a lower mean MIB-1 score
(24.5%) than did those that were p21-negative (30.0%).
Although this difference was not statistically significant,
it suggests a p53-independent pathway of p21-induced
inhibition of tumor cell proliferation. These results are
consistent with reports suggesting that p21, in breast
cancer cell lines, may be induced by p53-dependent or
p53-independent mechanisms. Thus, a few p53 mutant
cell lines showed low levels of p21 expression [15],
while some breast cancer cells expressed both p21 and
(mutant) p53 [4, 32].

p21 expression and growth control in breast cancer
We found a significant association between p21 expres-

sion and alow MIB-1 score in al, and in node-negative
invasive ductal NOS breast carcinomas (Table 2), which

suggests p21-mediated growth control in breast cancer.
This finding is consistent with data indicating that p21
suppresses tumor cell growth in vivo and in vitro [15].
Furthermore, we found striking differences in MIB-1
scores with p21+/p53— tumors having lower values than
p21-/p53+ tumors. Barbareschi et a. [4] did not find a
relationship between p21 expression and MIB-1 score,
probably because they tested only 32 cases. However,
using double staining, they documented that at a single
cell level, p21 and MIB-1 were mutualy exclusive.
Also, Caffo et a. [7] saw no inverse association between
p21 expression and MIB-1 score which, as they state, is
difficult to explain. Rey et a. [32] and Mathoulin-Portier
et al. [25] reported paradoxical results, i.e., a positive as-
sociation between p21 expression and increased percent-
age of proliferating cells.

p21 expression and survival

High immunohistochemical p21 expression has been as-
sociated with short [4] and longer [22, 40] relapse-free
and overall survival in breast carcinomas. However, in
the studies, tubular, medullary, and mucinous carcinomas
(which apriori have better prognosis) were included, and
this may influence the results. Diab et a. [11], Reed
et a. [31], and Mathoulin-Portier et al. [25] found no
correlation with survival. In our series of breast carcino-
mas as well no statistically significant association was
seen between immunohistochemical p21 expression or
p21/p53 phenotype and overall survival at 5 years either
in the whole cohort of patients or in the node-negative
or node-positive subgroups. However, with respect to
patients treated with adjuvant therapy, the p21-/p53+
phenotype was associated with the worst survival (only
58% surviving 5 years), while the p21+/p53— phenotype
was associated with good survival (83% surviving
5 years). Caffo et a. [7] and Mathoulin-Portier et al. [25]
also showed that a combined evaluation of p53 and p21
expression provides prognostic information in the group
of patients given adjuvant therapy. However, they did
not find an inverse association between p21 and the
MIB-1 score, which would theoretically be expected and
the lack of which is difficult to explain. We have signifi-
cant (and theoretically expected) associations between
p21 and MIB-1, but they do not seem to translate to dif-
ferences in survival for node-negative, node-positive pa-
tients or for patients not given adjuvant therapy. A differ-
ence in survival is noted only for the group who received
adjuvant therapy. Tumors with the p21—/p53+ phenotype
presumably express mutated but not functional p53.
Hence, they may not be able to activate apoptosis in re-
sponse to chemotherapeutic DNA-damaging drugs. They
also have a very high MIB-1 score of tumor cells, which
may facilitate the emergence of clones of tumor cells re-
sistant to chemotherapy. Since p21 is a key component
of the DNA damage checkpoint, our results suggest a
correlation between the p21/p53 phenotype and response
to adjuvant chemotherapy. The results of Mathoulin-



Portier et a. [25] also suggest a correlation between the
p53/p21/mdm2 phenotype and survival of patients with
breast carcinomas treated by chemotherapy. These corre-
lations are intriguing and suggest that in order to delin-
eate better the group of breast cancer patients who may
benefit from adjuvant chemotherapy, further studies are
required of the relationship between the expression of
p53 and some of its downstream effectors and chemo-
therapy and survival.
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