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Abstract P63 is a member of the p53 family. This protein
is crucial for the maintenance of a stem cell population in
the human epithelium and necessary for the normal
development of all epithelial tissues including mammary
glands. In normal breast tissue, the p63 seems to be a
specific myoepithelial cell marker. P63 expression has been
described in highly aggressive ER negative basal-like
breast tumors. The value of p63 expression in ER positive
disease is less clear. The expression levels of p63 mRNA
by Affymetrix microarray analysis in a combined cohort of
2,158 ER positive breast cancers and its prognostic and
predictive impact were analyzed. Tumor samples contain-
ing large amounts of benign breast tissue, which will
interfere with p63 measurement, were excluded prior to the
analysis. Survival analysis revealed a better prognosis of
ER positive breast cancer expressing p63 (n = 410;
P < 0.036). No correlation of p63 with standard parame-
ters was observed. In a subgroup analysis, endocrine-
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treated patients with high p63 expression showed a better
prognosis than low p63 expression (P = 0.06; n = 186). In
untreated patients, this effect was less clear (n = 148;
P = 0.5). P63 is a positive prognostic factor in endocrine-
treated ER positive breast cancer and might influence
responsiveness to endocrine treatment. Thus, p63 could be
helpful as a predictive factor for endocrine therapy.

Keywords p63 - TP73L - Stem cell - Microarray -
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Introduction

The protein 63 (p63) represents a member of the p53
family (p53/p63/p73) located on chromosome 3q27 [1].
This gene family seems to play an important role in the
carcinogenesis and may act at least in parts as oncogenes or
tumor suppressor genes [l, 2]. The p63 is the recent
member of this family and few is known about this
member. The human p63 gene expresses at least six mRNA
variants which encode for six different p63 protein iso-
forms (TAp63a, TAp63f3, TAp63y, ANp63a, ANp63f5 and
ANp63y) [3, 4]. These consist of three alternatively spliced
C-terminal isoforms (a, f, ) and can be classified in two
groups generated by alternative promoter usage: The
transactivating isoforms (TAp63) and the N-terminal
truncated p63 isoforms (ANp63), which lack the transac-
tivating N-terminal region [5—7]. The translational products
of p63 are crucial for the maintenance of a stem cell
population in the human epithelium [8] and are necessary
for the normal development of all epithelial tissues [9],
including mammary glands [10, 11]. The critical contri-
bution to epithelial morphogenesis could be shown in mice
null for p63, which presented with severe abnormalities at

@ Springer


http://dx.doi.org/10.1007/s10549-009-0608-6

766

Breast Cancer Res Treat (2010) 122:765-775

birth, i.e., truncation of the limbs, craniofascial malfor-
mations, and an absence of epidermis [8, 12]. Furthermore,
p63 is expressed in the basal epithelial cells of the skin, the
cervix, and the prostate as well as in the myoepithelial
layer of normal breast ducts and lobules [10, 11].

Only a few authors described p63 expression in the
mammary glands. For example, this protein was found in a
subset of highly aggressive ER negative breast cancers that
represent a basal and myoepithelial phenotype and have a
poor clinical outcome [13, 14]. In normal breast tissue, p63
seems to be a specific myoepithelial cell marker [15]. Some
authors were able to identify p63 and other myoepithelial
cell markers in matrix-producing and metaplastic carcino-
mas of the breast, suggesting that these tumors have in
common a myoepithelial cell differentiation [16]. Ribere-
iro-Silva et al. confirmed p63 as a specific myoepithelial
marker in normal breast tissue which is rarely overex-
pressed in grade 3 invasive ductal carcinomas [15].

Nevertheless, the role of p63 in neoplasia, especially in
breast cancer, is not clearly described. The potential role of
p63 as a tumor suppressor gene or as an oncogene has been
discussed. There are conflicting results of two independent
studies with p63 deficient mice. In the study of Flores et al.,
these mice were found to have a tendency to develop a
tumor formation and metastasis [17]. On the other hand,
Keyes et al. showed no evidence of a predisposition to
tumor growth in mice null for p63 [18]. Although there is
an abundance of reports of p63 overexpression in many
different tumors, above all in squamous cell carcinoma like
head and neck cancer [19], lung cancers [20], cutaneous
tumors [21], uterine tumors [22, 23], and breast cancer [15,
24, 25], it seems to be clear that p63 is very rarely mutated
in cancers [26].

Here, we investigated the expression levels of p63
mRNA by Affymetrix microarray analysis in a combined
cohort of 2,158 ER positive breast cancers and its prog-
nostic and predictive impact. We observed no correlation
of p63 expression with age, tumor size, histological grad-
ing as well as progesterone receptor, and HER2 status in
the ER positive subgroup of patients. Our findings indicate
a better prognosis for patients with higher expression of
p63. Moreover, the analysis of treated and untreated
patients points to a role of p63 in endocrine responsiveness.

Materials and methods

Breast cancer samples

Tissue samples of invasive breast cancer cases were
obtained with IRB approval and informed consent from

consecutive patients undergoing surgical resection between
December 1996 and July 2007 at the Department of
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Gynecology and Obstetrics at the Goethe-University in
Frankfurt. All tissue samples were stored in liquid nitrogen.
Samples were characterized according to the standard
pathology including the estrogen receptor status by ligand-
binding assays or immunohistochemistry.

Microarray data

A database of n = 3030 Affymetrix HG-U133A micro-
arrays from treatment-naive primary breast cancer samples
was established, as we have recently described [27]. We
included 238 of our own samples (datasets Frankfurt,
Frankfurt-2, and Frankfurt-3) which have been described
previously [28-32] as well as 2,792 samples from 22 dif-
ferent publicly available datasets (Supplementary Table
S1) [33-56]. Affymetrix expression data were analyzed by
using the MASS5.0 [57] algorithm of the affy package [58]
of the Bioconductor software project [59] (http://www.
bioconductor.org/). Subsequently data were log, trans-
formed and median centered. To adapt different datasets
the expression values of all the genes on the array were
multiplied by a scale factor S so that the magnitude (sum of
the squares of the values) is equal for each array. The
clinical characteristics of the patients in the different
datasets are also summarized in Supplementary Table S1.
The ER status, PgR status, and HER2 status was deter-
mined by microarray as described previously [27]. The
subset of 2,158 ER positive tumors was selected for this
study from the complete database of 3,030 samples. For
comparison, data from n = 140 normal breast biopsies
were also used [56].

P63 is indicated by six different probe sets on the Af-
fymetrix HGU133A microarray. These different sets rep-
resent the p63 isoforms in various grades, but are not able
to discriminate between them (Fig. 1a). Only two of these
probe sets, 209863_s_at and 211194_s_at, both detecting
the same p63 isoforms, strongly hybridized to mRNA from
breast tumor samples. In addition, published data from p63
knockdown experiments through RNALI in several cell lines
[60, 61] demonstrate that the largest fold change is
observed for probeset 209863_s_at (Fig. 1b). Since this
probeset also had the highest dynamic range in breast
cancers, it was chosen for all further analysis.

Statistical analyses

All analyses were performed following the REMARK
recommendations for tumor marker studies [62]. Follow-up
data were available for 1,548 of the 2,158 ER positive
samples (11 datasets without follow-up, see Supplementary
Table 1). For nine datasets relapse free survival (RFS) was
used as an endpoint (n = 919), while for five dataset only
distant metastasis free survival (DMFS) was available
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Fig. 1 P63 isoforms and corresponding Affymetrix probesets. a Six
different probesets for p63 are available on the Affymetrix U133A
microarray. On the left side, for each probeset a ‘+’ sign marks the
respective p63 isoforms which are detected by the specific probeset.
On the right side, the hybridization intensity of each probeset is
shown in a panel of 1,600 breast cancer samples. The color bar
indicates expression strength of targed sequences (in online color

(n = 630). Thus, any local recurrence events are missing
from these five datasets. However, as we have previously
demonstrated no significant difference in relative survival
was found when comparing the samples where only the
DMEFS endpoint was available to those using the RFS
endpoint in this dataset [27]. Hence, we used in the context
of this study either the RFS endpoint as disease-free sur-
vival (DFS) or the DMFS endpoint if RFS was not avail-
able. All samples were censored as of the last follow-up
date or at 120 months. We constructed Kaplan—-Meier
curves and used the log rank test to determine the univariate
significance of the variables. A Cox proportional-hazards
regression model was used to examine simultaneously the
effects of multiple covariates on survival. The effect of each
variable was assessed with the use of the Wald test and
described by the hazard ratio, with a 95% confidence
interval. Subjects with missing values were excluded
from the analyses, and all reported P values are two sided.
P values of less than 0.05 were considered to indicate a
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version of Figure). b Influence of p63 RNAi knockdown on the signal
detected by different Affymetrix p63 probesets. Affymetrix MASS.0
expression data of all six p63 probesets from studies of Barbieri et al.
[60] (left panel; GSE4975) using siRNA and Yang et al. [61] (right
panel; GSE5993) using shRNA to target p63 mRNA. In both datasets,
the largest fold difference is observed for Affymetrix probeset
209863_s_at

significant result. All analyses were performed using the
R software environment (http://www.r-project.org/) and
SPSS version 17.0 (SPSS Inc., Chicago, IL).

Immunohistochemistry

Paraffin sections (2 mm) were mounted on SuperfrostPlus
slides, dewaxed in xylene, and rehydrated through gradu-
ated ethanol to water. Antigens were retrieved by micr-
owaving sections in 10 mM citrate buffer (pH 6.0) for
20 min at 800 W. Blocking was performed using antibody
dilution buffer (DCS Diagnostics,Hamburg, Germany) at
the room temperature for 15 min. Subsequently, antibodies
were diluted 1:100 individually in this buffer. Sections
were incubated with antibodies for 1 h at room tempera-
ture. For negative controls, the primary antibodies were
replaced with phosphate-buffered saline. For secondary
antibody incubations and detection, the Dako REAL
Detection System Alkaline Phosphatase/RED (Dako,
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Glostrup, Denmark) was used following the protocol of the
supplier and sections were counterstained with Mayer’s
hematoxylin. Antibodies used in this work were: P63
(Dako, Glostrup, Denmark, clone 4a4 code, M7247), ER
(Novo Castra, Clone 6F11, NCL-ER-6F11), KRTI14
(Thermo scientific, clone LL002, Ms-115-P0), Cavl (Cell
Signalling, cat 3238), AQP1 (Chemicon, cat AB3065).
Secondary goat anti-rabbit antibody (FAST-RED) was
purchased from Dianova (Hamburg, Germany).

Results

Analysis of p63 Affymetrix expression data in a
combined cohort of 2158 ER positive breast cancers

P63 expression has been described in ER negative basal-
like breast tumors. The value of p63 expression in ER
positive disease is less clear. To study the role of p63 in ER
positive breast cancer, we first selected all n = 2,158 ER
positive samples from a combined database of n = 3,030
Affymetrix U133 microarrays of primary breast cancers.
Since p63 expression is also found in the normal cells of
the basal/myoepithelial cell layer of breast tissue, we
expected that our p63 microarray expression data could be
strongly confounded by normal cells in samples contami-
nated with benign tissue. We therefore intended to exclude
all those samples from our analyses which are presumed to
contain large amounts of such tissue. A scatter plot com-
paring the expression of cytokeratins 5 (KRTS) and 14
(KRT14) was used to identify tumor samples containing
measurable amounts of normal breast tissue. Both KRTS
and KRT14 are markers for normal basal cells of the breast
[63, 64] and were found to be expressed in less than 10
percent of ER positive breast cancers [65]. As shown in
Fig. 2, correlation between KRT5 and KRT14 is most
stringent for samples displaying KRT14 values above zero
(cutoff “A” in Fig. 2; median-centered log, expression
values), suggesting that those tumors contain certain
amounts of benign tissue. Thus, in this article, we hence-
forth refer to the samples with low KRT14 expression as
“pure tumor samples” while those samples with high
KRT14 values are referred to as “mixed tumor tissue
samples”. To estimate the amount of non-malignant breast
tissue in tumor samples, we included data from n = 140
normal breast biopsies [56] in the scatter plot analysis.
Most of these normal breast samples displayed KRT14
values above cutoff C in Fig. 2. When assuming a linear
relationship between KRT14 expression values and the
proportion of benign breast tissue one could estimate less
than 6.25% contaminating normal tissue for samples below
cutoff A. The intermediate cutoff B in Fig. 2 would cor-
respond to roughly 25% contaminating normal tissue in the

@ Springer

"pure tumor samples" "mixed tumor tissue samples"

A A
4 N A
KRT-14 cutoff
A B C

[Log> MASS values]

Surgical tumor biopsy
Core tumor biopsy

4 FNA tumor biopsy

® Normal breast

KRT5 (201820_at)

T T
-8 -4 0 +4 +8
KRT14 (209351_at) [Logs. MASS5 values]

Fig. 2 Scatter plot of the expression of KRT5 and KRT14 in the
combined dataset. The expression of KRTS5 and KRT14 among 2158
ER positive breast cancer samples is shown in a scatter plot on log,
scale. Correlation is most stringent for KRT14 values above zero
(cutoff A), suggesting the presence of benign tissue in those tumor
samples. In addition, data from n = 140 normal breast biopsies [56]
(black dots) were included in the scatter plot most of which display
KRT14 values above cutoff C (16 fold higher than cutoff A). Breast
cancer biopsies which were obtained by fine needle aspiration (FNA)
are represented by triangles (red in online color version of Figure).
76.5% of these FNA samples which generally contain a high
proportion of carcinoma cells have KRT14 values below the
intermediate cutoff B (fourfold higher than cutoff A). The three
cutoffs (A, B, and C) of KRT14 expression were operationally applied
to stratify “pure tumor samples” and “mixed tumor tissue samples”
in subsequent analyses

biopsy. This approximation would be in line with the
observation that more than three quarters of those samples
which were obtained by fine needle biopsies (FNA) fall
below cutoff B (Fig. 2). Since it is known that this sample
collection method generally produces tumor specimens
containing >90% tumor cells [47].

To analyse p63 expression in tumors without con-
founding by contaminating benign tissue, we first used the
most stringent cutoff A from Fig. 2 to split the total col-
lective. 612 (28.4%) of the 2,158 samples had KRT14
expression values below this cutoff (see also Supplemen-
tary Figure S1 for detailed sample numbers of all analyses).
Further support for the cutoff value came from the obser-
vation that among the “mixed tumor tissue samples”
(KRT14 > cutoff A) a strong correlation of p63 and KRTS5
was demonstrated by scatter plot analysis suggesting that
benign tissue is the source of expression of both markers in
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these samples. In contrast, this correlation was lost in the
“pure tumor samples” (Supplementary Figure S2).
Importantly, despite this loss of correlation a significant
expression of p63 was detectable in a subset of the “pure
tumor samples”.

To analyze whether carcinoma cells are the source of
p63 expression in the samples, we next stained breast
tumors from the Frankfurt cohort by immunohistochemis-
try. Exemplary results from immunohistochemistry of a
tumor sample classified as “pure” by KRT14 below cutoff
A are depicted in Fig. 3. Strong nuclear staining of p63 in
tumor cells was observed in both samples while antibodies
against myoepithelial markers like KRT14, KRT5, CAV1,
and AQP1 failed to react suggesting the absence of normal
basal cells.

Prognostic and predictive impact of p63 expression
in ER positive cancers

To analyze whether the differences in p63 expression
among these n = 612 ER positive “pure tumor samples”
(KRT14 < 0, most stringent cutoff A) are associated with a
different clinical course of disease Kaplan—Meier analyses
were performed. For 410 of the 612 samples, follow-up
was available (Supplementary Figure S1). As shown in
Fig. 4a, we observed a better prognosis for those patients
with high expression of p63 (P = 0.036) using the median
split. In contrast, when we performed the same analysis
using the “mixed tumor tissue samples” (KRT14 > cut-
off A) with available follow-up (n = 1,138) no difference
in prognosis was found (Fig. 4b). These results suggest that
the differences in p63 expression among those “mixed
tumor tissue samples” simply represent a confounding
effect by tissue composition of the respective samples. It
should be noted that other reports on p63 in breast cancer
[66, 67] suggest that only a small fraction of samples
(<10%) express the gene. Thus, a median splitting as
performed in our analyses would obviously overestimate
the number of true p63 positive samples. However, as
depicted in Supplementary Figure S3, reducing the number
of p63 positive samples by using the upper quartile did not
change its prognostic relevance.

The observed differences in prognosis according to p63
expression in the subset of “pure tumor samples” might
represent a true prognostic or rather a predictive effect
since many of the ER positive patients are treated with
endocrine therapy. Thus, we further stratified the patients
according to their systemic treatment. For 334 of the 612
samples (KRT14 below cutoff A), both treatment infor-
mation and follow-up data were available (see Supple-
mentary Figure S1). 148 of the patients were untreated,
while 186 received endocrine treatment only. Interestingly,
a better prognosis of those samples with high p63

Fig. 3 P63 immunohistochemistry of “pure tumor samples” Breast
cancer samples devoid of KRT14 expression as judged by microarray
analyses (“pure tumor samples”, cutoff A from Fig. 2) were stained
with antibodies against p63 and ER. Two serial sections stained for
p63 (a) and ER (b), respectively, are given. In ¢, a higher
magnification of a second sample stained for p63 is shown to
demonstrate that the p63 antigen is detected in the nucleus. In line
with microarray results, the phenotype of the tumors as determined by
IHC was KRT147/KRTS5 /CAV1 /AQP1~, indicating the absence of
normal myoepithelial cells. Counterstain: Mayer’s hematoxylin

expression was only found in the group of endocrine
treated patients (trend P = 0.06, Fig. 5a). In contrast the
difference in prognosis was smaller in the untreated pop-
ulation (P = 0.5, Fig. 5b) suggesting a predictive value of
p63 expression for endocrine treatment. We repeated this
analysis by using the less stringent cutoff B and cutoff C
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Fig. 4 Prognostic value of p63 in ER positive of breast cancer ER

positive breast cancer samples from the combined dataset were first

categorized in “pure tumor sample” (KRT14 < 0) or “mixed tumor

tissue samples” (KRT14 > 0) as described above (cutoff A from
Fig. 2). The prognostic value of p63 in these subgroups was analyzed

A Endocrine treatment
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1.0 .
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0.2 1
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Fig. 5 Prognostic value of p63 for endocrine treated breast cancer
“Pure tumor samples” (KRT14 < 0) of ER positive breast cancer
cases from the combined dataset were selected as in Figure 4.
Survival analysis according to a median split of p63 expression was

from Fig. 2 thus including n = 674 and n = 1,045 sam-
ples, respectively (see Supplementary Figure S1). The
results of Cox regression analysis according to p63 and
standard parameters in endocrine-treated ER positive
breast cancers are summarized in Table 1. Data are shown
for “pure tumor samples” with low KRTI14 expression
according to all three cutoff values (Fig. 2a—c). In both of
the larger cohorts, p63 expression displayed a predictive
value in the endocrine treated group (P = 0.023 and
P = 0.043 for cutoff B and C, respectively) but no sig-
nificant prognostic value among the untreated samples (not
shown). In contrast to these results from “pure tumor
samples”, analyzing the “mixed tumor tissue samples”
using either KRT14 cutoff A, B, or C did not show
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using a median split of p63 expression. Separate Kaplan—Meier
analyses of disease-free survival are shown for the group “pure tumor
sample” (a) and the group of “mixed tumor tissue samples” (b).
(Follow-up information was available for n = 410 of 612 samples in
A and n = 1,138 of 1,546 in B; see Supplementary Figure S1)
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performed separately in two patient subcohorts differing in their
adjuvant treatment. Kaplan—Meier graphs of disease free survival are
shown either for patients with endocrine treatment (a) or no adjuvant
treatment (b)

differences in disease-free survival (Supplementary Figure
S4A and B).

Correlation of p63 expression with standard clinical
characteristics in ER positive breast cancers

We next analyzed whether p63 expression simply repre-
sents a surrogate marker for well known clinical parame-
ters. ER positive “pure tumor samples” were stratified
according to high or low p63 expression using a simple
median split. This analysis was performed for all three
cohorts corresponding to the KRT14 cutoffs A, B, and C.
The clinical characteristics of the respective patients are
given in Table 2. In the cohort of 612 breast cancers
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subset of the tumor cells express the gene. Therefore, a
direct implication of p63 in endocrine responsiveness of
breast cancer cells is unlikely. An explanation for the
predictive value of p63 might be that the scattered p63
positive tumor cells represent immature precursors. The
further differentiation of these precursor cells into a p63
negative phenotype could be affected by endocrine treat-
ment. Those cells with an impaired differentiation may
than underwent apoptosis. In line with the assumption, that
p63 is linked to an immature phenotype are a number of
reports, suggesting that loss of p63 expression is required
for the transition from a basal to a luminal differentiation
[66]. Moreover, p63 knockout mice are not viable and
have several developmental defects such as a lack of limbs,
teeth and mammary glands, structures which emerge upon
epidermal-mesenchymal interactions during embryonic
development [12].

Although the precise oncogenic potential of p63 remains
to be elucidated, our data suggest that a prognostic value of
p63 in ER positive breast cancers is only observed in
endocrine treated samples. To date, the predictive impor-
tance of p63 has been analyzed only in a limited number of
studies. Zangen et al. found, that high levels of ANp63 in
primary tumors accurately predicted response to platinum-
based chemotherapy and a favorable outcome in head and
neck cancer patients [73]. Previous studies have shown,
that ANp63 isoforms acts as negative regulators of proa-
poptotic p53/p73-pathways [74—76]. The finding of a better
prognosis of patients showing high p63 expression in our
study seems not to be consistent with a model of an anti-
apoptotic function of p63. However, high p63 expression
may indicate the presence of the p53/p73-pathway, which
is subsequently engaged during antiestrogenic treatment.
Future studies are needed to further clarify the role of p63
in predicting response to anticancer therapy.
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