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BACKGROUND. The role of TP63 in cancer remains controversial since both oncogenic and
tumor suppressive actions have been reported. p63 protein is found in the nuclei of basal cells of
the normal prostate, yet it is absent in the vast majority of prostate cancer nuclei. Since a complex
array of TP63 mRNA transcripts encode polypeptides with distinct functional properties, it is
important to determine which forms are expressed in normal and prostate cancer tissue.
METHODS. We used real-time RT-PCR to distinguish TP63 mRNA isoforms in prostate
cancer cell lines (n ¼ 7), and samples from prostate cancer patients. We sequenced all TP63 exons
from 20 primary tumors, 20 metastases, 28 tumor xenografts, and 7 prostate cancer cell lines.
RESULTS. TP63 mRNA isoforms were present in all tumors, albeit at levels lower than in
normal prostate. The most abundant N-terminal variant was DN; the most abundant C-terminal
variant was the a form. The prostate tumor cell line CWR22Rv1 contained a single G to T
substitution in exon 8 that is identical to a dominant-negative DNA binding inactivation
mutation occurring in patients with a congenital TP63 deficiency syndrome. One patient tumor
contained a somatic mutation in exon 11.
CONCLUSIONS. The pattern of TP63 mRNA expression in normal prostate tissue is retained in
reduced amounts in prostate cancer, and a potentially functional TP63 mutation was identified in
one prostate tumor. Thus, if TP63 is a prostate cancer gene it likely functions as a tumor suppressor. Further study of the role of TP63 isoforms in regulating stem cell functions of normal and
neoplastic prostate epithelial cells is needed. Prostate 69: 559–569, 2009. # 2009 Wiley-Liss, Inc.
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INTRODUCTION
A widely held view suggests that cancer cells arise
from either long-lived tissue stem cells, or from their
partially differentiated progeny (progenitor cells) that
have co-opted the program for self-renewal [1,2]. Since
these ‘‘cancer stem cells’’ are predicted to be largely
resistant to standard chemotherapeutic regimens, new
approaches are being sought to specifically eliminate
them. In order to develop these approaches, an
improved understanding of the biological properties
of tissue stem cells and their progeny, are required.
Accordingly, to better understand the origins of
prostate cancer, there is a great deal of work being
done to identify and characterize tissue stem cells and
to characterize cells with properties of prostate cancer
stem cells. Much of this work involves the transcription
factor encoded by the TP63 locus.
TP63 is a member of the TP53 and TP73 gene family
[3–6]. Unlike p53 protein, which is expressed at
detectable levels only in response to environmental
stress, p63 protein is constitutively expressed at high
levels in a variety of epithelial tissues [3,7]. Germ line
mutations in the TP63 gene result in a group of
autosomal dominant ectodermal dysplasia syndromes
(including the ectrodactyly, ectodermal dysplasia, and
facial clefts—or EEC—syndrome) [8,9]. In the mouse,
targeted disruption of both TP63 alleles results in
epidermal defects as well as a lack of limbs, skin
adnexa, hair, and teeth [10,11]. While its exact role in
stem cell function is still somewhat controversial, these
results, together with in vitro experiments [12,13], have
led to the concept that TP63 plays a critical role in the
maintenance of epidermal stem cells.
TP63 contains 16 different exons coding for at least 6
different mRNA isoforms that share a common core
DNA binding domain but exhibit varying 50 and 30
ends. Two alternate promoters produce two different
N-terminal variants, termed TA and DN, and alternative splicing at the 30 end generates three different Cterminal variants, termed a, b, and g. The functional
role of the different isoforms has not been fully
determined, although DNp63 in keratinocytes has been
proposed to maintain the proliferative state, preventing
terminal differentiation [14–16]. In vitro experiments
have shown that the TA-p63-containing isoforms
appear to have some p53-like functions including
transactivation of p53 target promoters and promotion
of cell death, and that these functions can be counteracted by DNp63 isoforms [17].
A critical step in deciphering the function of TP63 in
prostate stem cell biology is to characterize the pattern
and relative levels of expression of the different mRNA
variants encoded by the TP63 gene in human prostate
tissues. Using quantitative PCR, Signoretti et al. [18]
found that the DNp63 and TAp63 mRNA isoforms
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were present in PrEC cells (human prostate epithelial
cells characterized largely by a basal cell phenotype)
and that DNp63 was the more abundant of the two.
They also observed only very low levels of DNp63
mRNA in PC3 cells, undetectable levels of DNp63 in
LNCaP and DU145 cells, and low levels of TAp63 in
LNCaP and DU145 cells.
Takahashi et al. [19] analyzed the expression of TP63
mRNAs in human prostate cancer specimens. While
they reported downregulation compared to normal in
39% of cases, not all cancers were downregulated, and
in fact 34% were upregulated. The finding of expression
of TP63 mRNA in human clinical prostate cancer is
somewhat surprising since the protein is usually absent
and the prostate cancer cell lines examined were
generally negative [18,20]. Moreover, it is possible that
contaminating normal basal cells might confound these
studies, and there have been no studies on the relative
levels of these isoforms, or the levels of the a, b, or g
variants from normal human prostate tissue and cancer
tissue.
The role of TP63 as a tumor suppressor or oncogene
in cancer remains enigmatic. In squamous cell cancers
of the head and neck p63 has been found to be
overexpressed, and the region encoding this gene
amplified, suggesting an oncogenic role [21]. However,
in urothelial carcinoma, decreased p63 protein correlates with more aggressive disease [22]. In chronic
myelogenous leukemia in blast crisis, somatic mutations in the DNA binding domain of TP63 have been
reported, suggesting a possible tumor suppressor role
[23]. It is important, therefore, to determine whether
one mechanism of decreased levels of p63 protein in
prostate cancer is by mutational inactivation. Although
there has been one study of TP63 mutational analysis in
primary prostate cancers using RT-PCR and sequencing, and no mutations were detected [19], there have
been no comprehensive sequencing study of all exons
across all stages of prostate clinical samples or cell
lines/xenografts reported. Therefore, we sequenced all
exons of TP63 from genomic DNA obtained from
prostate cancer cell lines, prostate cancer xenografts,
clinically localized primary cancers, and hormone
refractory prostate cancers obtained at autopsy.
MATERIALS AND METHODS
Cell Lines and Patient Samples
We used prostate tumor cell lines LNCaP, LNCaP
C4-2B, PC3, LAPC4, DU145, MDAPCa2B, and
CWR22Rv1; and hPrEC (epithelial cell origin); a
cervical squamous cancer cell line, ME180; and tumor
xenografts LUCaP 23.8, 23.12, 35, 35V, 49, 58, 69, 70, 73,
77, 78, 86.2, 92.1, 93, 96, 105 and LAPC 4AD, 9AD, 4cAI,
9cAI. All cell lines were maintained in RPMI 1640 with
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10% fetal calf serum at 378C with 5% CO2 except hPrEB
and ME180 cells, which were grown in McCoy’s (Gibco,
Carlsbad, CA). hPrEB cells were derived from prostate
cancer patients by immortalizing epithelial cells in
culture with high-risk papilloma virus E6 and E7
(generously provided by Dr. Hyman Levitsky from
Johns Hopkins). LNCaP, PC3, DU145, MDAPCa2B,
and CWR22Rv1 cells were obtained from the American
Type Culture Collection. C42B cells were obtained
from the laboratory of William G. Nelson at Johns
Hopkins. All LUCaP-based xenograft DNA samples
were obtained from Robert L. Vessella (University
of Washington School of Medicine, and all LAPC4based xenograft DNAs were from Charles Sawyers
(Memorial Sloan Kettering Cancer Center). Cells were
harvested from a T175 flask at 80% confluence and
stored as a pellet at 808C for subsequent RNA
extraction.
Radical prostatectomy specimens were obtained
from surgery patients and metastatic tumors from
autopsies at the Johns Hopkins Hospital in an IRBapproved protocol. Paired normal and tumor tissues
were collected from each of the radical prostatectomy
specimens by individually harvesting samples from
presumptive normal and tumor regions and immediately snap-freezing them in liquid nitrogen. Hematoxylin- and eosin-stained sections provided histological
confirmation of normal tissue and cancer tissue.
Metastatic cancer samples were studied from twenty
subjects who died of prostate cancer and underwent
autopsy as part of the Project to Eliminate Lethal
prostate CANcer (PELICAN) rapid autopsy program at
the Johns Hopkins Medical Institutions (JHASPC). All
subjects underwent androgen-deprivation during the
course of their treatment for metastatic prostate cancer,
and died between 1995 and 2004.
The snap-frozen tumor blocks were trimmed to
provide sections with near homogeneous tumor populations containing minimum amounts of inflammatory cells, stroma, and normal prostate cells. Fifty to one
hundred sections, each between 5 and 10 mm thick,
were transferred from each normal and each tumor
block at 208C to conical tubes and stored at 808C for
subsequent RNA extraction.
In Situ Hybridization
Non-radioactive in situ hybridization was performed using a probe corresponding to the DNA
binding domain of the p63 gene in the following
manner: a portion of the p63 gene was cloned using
the primers FDN and RA from cDNA prepared from
ME180 cells. The product (1,472 bp) was gel purified
(Qiagen QIAquick Gel Extraction kit) and cloned using
the Top TA Cloning Kit (Invitrogen, Vector PCR 2.1Topo), and transformed into E. coli. The antisense and
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sense riboprobes were then generated by first producing a PCR product containing the T7 promoter in either
the antisense or sense direction using primers amplifying exons 4 and 5 of the p63 cDNA (442 nucleotide
products). For production of the antisense probe, the
following primers were used: antisense primer forward
(T7 promoter in bold) 50 -ctaatacgactcactataggggaattcacggctcagctcatg-30 . Antisense primer reverse
50 gtacacgaacctggggctcc-30 . For construction of the sense
probe, the following primers were used: sense primer
forward 50 -ctaatacgactcactactatagggcgaacctgggctcctgaac-30 . Sense primer reverse 50 -gaattcacggctcagctcatg-30 . RNA labeling was performed using T7
polymerase and digoxigenin-UTP using the DIG
RNA labeling kit (Roche Molecular Biochemicals,
Indianapolis, IN). In situ hybridization was carried
out as follows. After deparaffinization and rehydration, slides were rinsed in DEPC water and incubated in
1% hydrogen peroxide and then in Tris-buffered saline
(TBS) (pH 7.4) for 5 min at room temperature. Slides
were then treated with proteinase K (80 mg/ml) at 378C
for 40 min. After rinsing in TBS containing 0.05%
Tween-20 (TBST), the RNA probe (either sense or
antisense at 200 ng/ml) was applied and slides were
hybridized overnight at 558C. Slides were then washed
in 2 SSC for 5 min at 458C and then incubated with a
1:35 dilution of RNaseA/T1 cocktail (Ambion, Austin,
TX) in 2 SSC for 30 min at 378C. Slides were washed
twice by incubation at 608C with 2 SSC containing
50% formamide for 30 min followed by a second wash
for 20 min. Slides were washed again with 0.08 SSC for
20 min at 608C, rinsed in TBS and then incubated with
rabbit Ig fraction (Dako, Carpinteria, CA) for 15 min at
room temperature. Then slides were incubated with
rabbit HRP-antidigoxigenin (Dako) diluted 1:100 for
30 min at room temperature. Slides were then washed
3  5 min each in TBST and were then treated with
biotinylated-tryamide (Dako GenPoint kit) for 15 min
in the dark at room temperature. After washing
3  5 min in TBST, slides were treated with the
secondary streptavidin (Dako GenPoint kit) for
15 min at room temperature. Slides were washed
and developed with DAB and counterstained with
hematoxylin.
Laser Capture Microdissection
Laser capture microdissection (LCM) was performed to isolate areas of tumor from adjacent normal
tissue as previously described [24].
RNA Extraction and Removal of
Trace Genomic DNA
RNA was extracted from tissue and cell lines using
the ToTALLY RNA Total RNA Isolation kit according
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to the manufacturer’s instructions (Ambion). Isolated
RNA was treated with DNAse to remove traces of
genomic DNA using the DNA-free Kit according to
manufacturer instructions (Ambion). The purified
RNA solution was then removed, quantified using
UV spectrophotometry, and stored at 808C.
RT-PCR
Reverse transcription was performed using the
RETROscript first-strand synthesis kit for RT-PCR
(Ambion). Primers utilized for cDNA amplification
are summarized in Table I. Primers for the TA isotypes
detected a, b, and g splice variants but not the DN
isotypes; conversely, primers for the DN isotypes
detected a, b, and g splice variants but not the TA
isotypes. We used the same primers for the TA and DN
oligonucleotides as those reported by Signoretti et al.
[18], with the exception of the reverse primer for DN,
which lacked an A at the 30 end. The primers for the a, b,
and g splice variants were designed based on known
sequences from NCBI Genebank.
For both standard and quantitative PCR each
reaction tube contained 1 PCR Gold buffer (15 mM
Tris–HCl pH 8, 50 mM KCl, Applied Biosystems,
Foster City, CA), 200 mM of dNTPs (Life Technologies,
Rockville, MD), 300 nM each of forward and reverse
primer, 0.625 U of AmpliTaq Gold polymerase
(Applied Biosystems), 3 mM MgCl2, and (for quantitative PCR) 1/100,000 SYBR Green (Molecular Probes,
Eugene, OR), all held in DEPC water. Reaction
conditions were as follows: an initial 10 min at 958C
followed by 45 cycles of 5 sec at 948C and 60 sec at 628C.
For quantitative PCR, each sample was amplified in
triplicate.

After 45 cycles, the standard PCR reaction mixture
underwent a final extension for 5 min at 728C, while the
quantitative PCR mixture underwent a melt curve to
validate reaction product specificity. During PCR
optimization all reactions were subjected to standard
PCR and gel electrophoresis and all products were
found to contain a single band at the correct size with no
primer–dimer formation. For standard PCR, reaction
products were detected using 3% (in 1 TBE) agarose
gel electrophoresis in the presence of Gel Star (BioWhittaker Molecular Applications, Rockland, ME). In
all PCR reactions, a no-template reaction mixture was
used as a negative control.
Quantitative PCR
Real-time quantitative RT-PCR was performed
using iCycler IQ (BioRad, Hercules, CA) and SYBR
Green detection. All PCR reactions were run in
triplicate. The relative expression of the various TP63
isoforms in the samples was determined using the comparative CT method as detailed in Applied Biosystems
User Bulletin #2 (http://www3.appliedbiosystems.
com/cms/groups/mcb_support/documents/generaldocuments/cms_040980.pdf) using TBP as the endogenous reference gene and the matched normal
prostate tissue as calibrator for each tumor tissue.
TBP, which codes for the TATA-binding protein, was
used as an endogenous control reference standard for
normalizing expression and quantifying levels of each
mRNA isoform [25]. The hPrEB cells were found to
express all six TP63 mRNA isoforms and were used
to assess the efficiency of the PCR reaction for each
primer set as well as for TBP. All PCR reactions were
approximately 95–100% efficient. Statistical analysis

TABLE I. Oligonucleotide Primers for RT-PCR
Gene detected
0

Primer Sequence

Size

Location

Notes

TP63 TA (exons 1–4, no 3 )

F
R

TGTATCCGCATGCAGGACT
CTGTGTTATAGGGACTGGTGGAC

127

Exon 3
Exon 4

Unique to TA

TP63 AN (exons 30 –4, no 1–3)

F
R

GAAAACAATGCCCAGACTCAA
TGCGCGTGGTCTGTGTT

125

Exon 3
Exon 4

Unique to DN

TP63 a (exons 10–14, no 15)

F
R

TCAGTTTCTTAGCGAGGTTG
ATTTTCAGACTTGCCAGATC

118

Overlaps exon 12 and 13
Exon 14

Unique for a

TP63 b (exons 10–12, 14,
no 13 or 15)

F
R

AGCATTGTCAGGATCTGG
GAGATGAGAAGGGGAGGA

113

Overlaps exon 12 and 14

Unique for b

TP63 g (exons 10 and 15)

F
R

AAACATCTCCTTTCAGCC
GGTACACTGATCGGTTTG

115

Overlaps exon 10 and 15
Exon 15

Unique for g

TBP

F
R

CACGAACCACGGCACTGATT
TTTTCTTGCTGCCAGTCTGGAC

89
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comparing relative levels in tumor and paired normal
was performed with the Wilcoxon signed-ranks test
with Stata 8.1 (Stata Corporation, College Station, TX).
TP63 Gene Sequencing
DNA amplification and purification. Intronic primers for each of the 16 exons of TP63 were employed
as described (Table II) [26]. PCR amplification was
performed by the following cycle: 958C for 5 min, 958C
for 1 min, 578C for 1 min, 728C for 1 min (30 cycles), and
728C for 10 min.
Verification of adequate, uncontaminated amplification was made by gel electrophoresis on 2% agarose
(Gibco). After amplification verification, DNA was
purified with the Concert Rapid PCR Purification kit
(Life Technologies).
DNA sequencing. Purified DNA at a concentration of
1 mM primer was combined with primer. Sequencing

563

analysis was performed using the Applied Biosystems
3730 DNA analyzer, ABI PRISMã DNA Sequencing
Analysis Software, and Sequencher for Windows (Gene
Codes, Ann Arbor, MI). All sequencing was performed
in both the sense and antisense directions and all
mutations were verified by re-sequencing of both
strands after a repeated PCR reaction.
RESULTS
Expression of TP63 mRNA in Cell Lines
Levels of TP63 mRNA variants in the cervical
squamous cell carcinoma cell line ME-180 were
analyzed as a positive control for quantitative realtime RT-PCR and all isoforms examined were
expressed. Normal prostate epithelial cells (hPrEC),
which are known to express a phenotype most
consistent with basal cells or intermediate basal cells,
also expressed all isoforms with a similar pattern of

TABLE II. Intronic Primer Sequences Utilized forTP63 Genomic DNA Sequencing
Exon
Exon 1
Exon 2
Exon 3
Exon 3’
Exon 4
Exon 5
Exon 6
Exon 7
Exon 8
Exon 9
Exon 10
Exon 11
Exon 12
Exon 13
Exon 14
Exon 15
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Primer
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R

GACCCTATTGCTTTTAGCCTC
CATTCATAATACACAAGGCACTTC
CCTGCATGGTTTTATAGATTCACTTG
GACCACCCACATTTACCTATTTAG
CCCTTTCCATGCCTAACTCACT
CCAAAGACTGAAGAGAAAGCCTG
GGCAAAATCCTGGAGCCAGAAG
AAAGCATCTCTAAATGGAGTGC
GGCTTCAGCGGCTAATATTGGG
GTGAAGCCCATCCTTGGACTTG
TCTCCTTCCTTTCTCCACTGGC
TGCCCACAGAATCTTGACCTTC
GCCACCAACATCCTGTTCATGC
GTCTACTCAGTCCATAGAGGTGTTG
GAAGGAACAACGTCAGTTTAAACCC
AAAGCAGCCACGATTTCACTTTGCC
GTGGTAGATCTTCAGGGGACTTTC
CCAACATCTGGAGAAGATTCAACC
GTGTTCCCAGGATGAAACTTGC
GAAGCAACCATGAACACCCAAGG
CCACACTTCTAACAGTTCTACAGC
TCATCAATCACCCTATTGCTGATCC
CGTGCTCACCATCATTTCCATG
CTAGCCTGTTCATCCTTCAGCC
CACTGGGATGCTGGTACATGATG
GGGCACATGCTGTGGACTC
CTGTTTCCTCCTTCCTCTTCC
CAGGGATTGAACTACAAGGC
CCCTGTTTTCATTCTCCATGACAC
GGGATAGGAAGAGCTCACATGG
CATGAAGGTATAAGGAGTGTGTTTCTG
ACACACACTTAAAATATAGAGATAGGGC

Exon size (bp)

PCR fragment size (bp)

62

235

129

305

133

209

42

140

255

353

187

284

116

259

110

245

137

263

83

153

137

278

158

239

145

228

94

212

297

366

115

240

564
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TABLE III. Expression of TP63mRNA Isoforms in Cell Lines

Cell line
hPrEC
C4-2B
CWR22rV1
hPrEB
PC3
LNCAP
DU145
LAPC4
ME180

Fold increase of
TA over TBP

Fold increase of
DN over TBP

Fold increase of a
over TBP

Fold increase of b
over TBP

Fold increase of g
over TBP

0.02
ND
0.01
0.24
0.05
0.01
0.01
ND
1.2

37
ND
ND
14
0.03
ND
ND
ND
31

28
ND
ND
7.2
ND
ND
ND
ND
22

1.4
ND
0.01
0.58
0.06
ND
ND
ND
3.8

0.06
ND
ND
0.09
ND
ND
ND
ND
0.41

ND, nondetectable.

relative expression levels to that seen in ME-180
(Table III). The most abundant variants detected were
the 50 promoter variant DN and the 30 splice variant a,
which suggests that the predominant mRNA isoform in
both ME-180 and PrEC cells is DNp63a. The relative
levels of mRNA isoforms containing both TA and beta
were higher in ME-180 than PrEC cells. All 7 prostate
cancer cell lines were either completely negative for
TP63 mRNA isoforms or expressed very low amounts
of specific forms (Table III).
Expression of TP63 mRNA in Normal Prostate
and Adenocarcinoma in Radical
Prostatectomy Specimens
Normal prostate tissue obtained from frozen sections of manually enriched tissue blocks (without
LCM) in 12 of 12 radical prostatectomy specimens

from patients with localized prostate cancer also
expressed all 5 TP63 mRNA variants (Fig. 1). The most
abundant variants contained DN and a, which suggests
that the predominant mRNA isoform in normal
prostate is also DNp63a.
Tumor tissue in 12 of 12 radical prostatectomy
specimens obtained from frozen sections of manually
enriched tissue blocks (without LCM) also expressed
all 5 mRNA variants (Fig. 1). As in the normal prostate
tissue, the most abundant variants were DN and a. The
levels of expression in carcinoma, however, were
markedly reduced (approximately 5- to 10-fold on
average) compared to those in the matched normal
tissues (Fig. 1). The difference in expression between
tumor and normal tissue was highly statistically
significant for the most common isoforms, the DN
and a variants (P ¼ 0.008). Differences in the other
isoforms were not statically significant between tumor

Fig. 1. Relativelevels of TP63 mRNAisoformsinprimaryprostate cancer andmatchedbenign tissues.A:Tissue obtainedbymacrodissection
(enrichedisolation) of frozen normal and tumor pairs.Box represents distribution of data from n ¼12 patients each.N, normal tissue;T, tumor
tissue.B:Relativelevels of TP63 mRNA isoforms obtained after laser capturemicrodissection (n ¼ 9).
The Prostate
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and normal, perhaps as a result of the low level of
expression of these forms in both types of tissue.
Since this pattern of mRNA expression was similar
to that of normal tissue, we sought to rule out the
possibility the TP63 mRNA results might represent
contamination by intermixed normal basal cells.
Although our tissues obtained by manual dissection
of the frozen blocks were approximately 75–80% pure
tumor, contamination with normal basal cells was
plausible since prostate cancer cells often permeate in
and around benign glands. Therefore, we repeated the
analysis using tumor tissue harvested with LCM
(n ¼ 9), where our purity was raised to approximately
95–99% tumor cells. Somewhat surprisingly, we
observed the same pattern of mRNA expression
(Fig. 1). Like the non-LCM samples, decreased expression was most pronounced for the most common
isoforms, the DN and a variants (P ¼ 0.008) (Fig. 1).
Differences in expression between normal tissue and
tumor for the other isoforms were not significant.
In Situ Hybridization
In order to attempt to determine whether the
reduced, albeit present, levels of p63 mRNA that we
identified in tumor samples were detectable by in situ
hybridization we used a non-radioactive technique. As
a positive control sections of human squamous
epithelium, which express high levels of p63, were
subjected to the in situ hybridization procedure. A
strong signal was achieved using the antisense probe,
but no signal was detected with the sense probe (Fig. 2).
There was a clear gradient of staining with cells
towards the basal layer staining much stronger than
those near the surface. As a negative control, sections of
human colon were also subjected to the in situ protocol
and no staining was detected with either the sense or
antisense probes. In prostate tissues, a strong in situ
hybridization signal for p63 mRNA was detected
exclusively in the basal cells in normal epithelium
using a prostate cancer tissue microarray containing
samples from 20 patients. By contrast, p63 mRNA was
undetectable in normal prostate luminal cells or in
adenocarcinoma cells by in situ hybridization in the
same specimens (Fig. 2). Since the RT-PCR results were
clearly positive in cancer cells for all isoforms after the
LCM procedure, and we were careful during the LCM
procedure not to collect any benign prostate epithelial
cells, we conclude that while our in situ assay is highly
specific, we were not able to achieve a sufficiently
sensitive assay to detect it in prostate cancer cells using
this non-radioactive approach. Since we have not laser
captured luminal versus basal cells in the prostate, we
have not determined whether luminal cells in normal
acini express any p63 mRNA.
The Prostate
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Mutational Analysis of TP63 in Prostate
Cancer Cell Lines
Using intronic primers, we performed mutational
analysis of TP63 in seven prostate cancer cell lines. Cell
lines DU145, ME180, LNCaP, LNCaP C4-2B, MDAPCa2B, and PC3 contained wild-type TP63 sequences.
Cell line CWR22Rv1 contained a single G to A mutation
in exon 8, predicting an amino acid change of arginine
(CGG) to glutamine (CAG) within the DNA-binding
domain (Fig. 3). This mutation can be assumed to be
functional since it is the exact change found in the germ
line of one of the families with EEC syndrome [9].
CWR22Rv1 is a hormone refractory prostate cancer cell
line that was derived from its parental CWR22 xenograft, which does not grow in tissue culture. In order to
determine whether the mutation we detected occurred
during the development of the hormone refractory
state, tissue was also obtained from the nonhormone
refractory xenograft and subjected to DNA sequencing.
Since the same mutation was identified in CWR22, we
conclude that the mutation did not arise during the
development of hormone refractory behavior. By
immunohistochemical staining, the CWR22Rv1 cell
line was negative for p63 (data not shown).
Mutational Analysis of TP63 inTumor/Normal
Pairs in Radical Prostatectomy Specimens
Nineteen of 20 patients who underwent radical
prostatectomy for localized prostate cancer contained
wild-type sequences in tumor and matched normal
tissue. One patient had a heterozygous single G to C
mutation in exon 11 in the tumor tissue, predicting an
amino acid change of serine (AGC) to threonine (ACC)
(Fig. 3). It is not known whether this change is
functional. The matched normal tissue in this patient
was wild-type, revealing a somatic mutation occurring
in the tumor. Immunohistochemical staining of this
tumor specimen revealed positive, albeit weak, staining in the nuclei of most tumor cells (data not shown).
Mutational Analysis of TP63 in Hormone
Refractory MetastaticTumors
To determine whether the development of hormone
refractory lethal prostate cancer was related to TP63
mutations, multiple metastatic sites from 20 patients
who underwent autopsy for prostate cancer were also
examined. All tissues from all 20 patients’ metastatic
tumors collected at autopsy contained wild-type TP63
sequences.
Mutational Analysis of TP63 inTumor Xenografts
Since the only prostate cancer xenograft that we
analyzed contained a point mutation in TP63 DNA-
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Fig. 2. In situ hybridization against p63 mRNA shows strong signals in normal prostate basal cells. A: Positive control tissue consisting of
uterine cervix showing strong signals in the basal and para-basal cell regions when the antisense probe was used.B: Adjacent tissue section in
which the sense probe was used.C: Prostate normal and carcinoma showing strong signals in basal cells in the normal gland that is presentbut
absentsignalsinluminalcellsandcarcinomacells.D:Senseprobeshowsabsence ofsignalsintheprostate.Allimages200originalmagnification.

binding domain, we also analyzed a number of other
prostate cancer xenografts, many of which contained
both hormone naı̈ve and hormone refractory counterparts. All 28 tumor xenografts contained wild-type
TP63 sequences.

DISCUSSION
We report that all well-characterized TP63 mRNA
isoforms are expressed in the normal human prostate
and that the most abundant isoforms contain DN and a,

Fig. 3. Chromatogram traces of heterozygousmutations detectedin CWR22Rv1 (A) and a singleprimary tumor (B).
The Prostate
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implying that the major isoform is TP63 DNa. Surprisingly, all isoforms were also expressed in a similar
relative distribution to each other in primary prostate
cancers, albeit the levels of expression were markedly
reduced. To rule out the possibility that TP63 mRNA
from adjacent normal tissue may have contaminated
areas of tumor, we employed LCM to enhance the
purity of the tumor cell isolation. The fact that we found
similar levels of TP63 mRNA for all isoforms, even after
LCM, indicates that primary prostate cancers indeed
express TP63 mRNA.
The majority of prostate cancer cell lines and patient
tumors we examined did not contain TP63 mutations,
which suggests that somatic mutations are not the
cause of decreased stable TP63 mRNA in the majority of
prostate cancers. Still, the mutation in CWR22Rv1 is
interesting because it is identical to a functional
dominant negative TP63 mutation present in patients
with a congenital TP63 defect that manifest EEC
syndrome [9]. Thus we infer that in CWR22Rv1 cells,
TP63 is functionally inactivated through mutation. It
has not been shown whether EEC is associated with an
increased risk for cancer, and it is possible that the
mutation in CWR22Rv1 is a germline mutation that has
no role in prostate cancer.
Although we have not shown whether the mutation
in the single primary tumor that showed a mutation is
functionally important, the fact that the mutation was
somatic, and apparently clonal, raises the possibility
that it was indeed selected for during neoplastic
transformation or progression. Of interest this patient’s
tumor did show some weak nuclear staining in tumor
cells for p63. Taken together, our mutational data raise
the possibility that a rare subset of human prostate
cancers indeed contain TP63 mutations as part of their
repertoire of important genetic changes and suggest
that if TP63 is functioning as a cancer gene in the
prostate, it appears to act more as a tumor suppressor
than an oncogene.
Although it is clear that p63 protein is absent in the
vast majority of human prostate cancer specimens, as
determined by immunohistochemistry [18,20], the
molecular mechanisms for absent expression of p63
protein in prostate cancer remain to be elucidated. On
the one hand, since p63 is localized specifically to basal
cells in the prostate, and basal cells are absent in
prostate cancer, it is perhaps not unexpected that
p63 protein is absent in prostate cancer. Yet other
markers—including keratin 5, bcl-2, and c-met—that
are more highly expressed in basal cells relative to
luminal cells in normal prostate tissue have been
identified in at least some prostate cancers and are
increased in metastatic and/or hormone refractory
disease [27–30]. Although we have reported low-level
p63 protein expression in the nuclei of a minority of
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high-grade prostate cancers [31], and others have
reported much more rare cases with strong nuclear
staining [32], the vast majority of human primary
prostate cancers do not express detectable levels of p63
protein. Whether this can be explained at least in part
by the fact that a micro-RNA (miR-203) is responsible
for downregulating expression of p63 protein in the
mouse epidermis as cells differentiate [15,16] is
currently unknown.
In the prostate, it is not yet entirely clear whether
p63-positive cells represent the true tissue stem cells,
although mounting evidence in favor of this, at least in
the mouse, has been generated recently. Tp63 null mice
die within 1 day of birth and are born lacking a prostate
[33]. After isolation of the urogenital sinus from
Tp63/ mouse embryos and transplantation under
the renal capsule of a wild-type recipient, however,
branching morphogenesis takes place and a structure
with features of a prostate can develop [34]. In this
situation, there are no basal cells and the luminal
epithelial cells that form are abnormal in that while
some contain androgen receptor and Nkx3.1 protein,
most of them contain abundant mucin reminiscent of
goblet cells in the intestine—cells that are not present in
the normal prostate. By contrast, in intact mouse
embryonic rescue experiments in which Tp63/
embryos were injected with embryonic stem cells
containing wild-type Tp63 and constitutively active bgalactosidase, p63 appeared to be absolutely required
for normal prostate development including the appearance of both basal and luminal epithelial cells [35]. This
suggests that Tp63 is critical for the development and
maintenance of normal prostatic epithelium [3,18].
Several other studies in mice have indicated that cells
with properties of prostate epithelial stem cells likely
reside in the basal compartment [36,37], and a very
recent study has shown that indeed clonally derived
mouse prostate stem cells likely express p63 [38]. In the
human prostate, recent data indicate that cells with
surface expression of CD133 possess stem cell-like
features [39,40]. While some studies have indicated that
these cells are p63 positive [39], a recent study has
suggested that these cells are actually p63 negative
but quickly appear to give rise to cells that are p63
positive [40].
CONCLUSIONS
In summary, we have shown that all major isoforms
of TP63 mRNA are present in human prostate cancer
and that a somatic mutation in TP63, while rare, has
occurred in prostate cancer. Additional studies are
required to determine why p63 protein is not expressed
in most prostate cancers and the functional role, if any,
that the different TP63 mRNA isoforms play in prostate
cancer.
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