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p63 inhibits metastasis. Here, we show that p63 (both TAp63 and
ΔNp63 isoforms) regulates expression of miR-205 in prostate can-
cer (PCa) cells, and miR-205 is essential for the inhibitory effects of
p63 on markers of epithelial–mesenchymal transition (EMT), such
as ZEB1 and vimentin. Correspondingly, the inhibitory effect of
p63 on EMT markers and cell migration is reverted by anti–miR-
205. p53 mutants inhibit expression of both p63 and miR-205, and
the cell migration, in a cell line expressing endogenous mutated
p53, can be abrogated by pre–miR-205 or silencing of mutated p53.
In accordance with this in vitro data, ΔNp63 or miR-205 signifi-
cantly inhibits the incidence of lung metastasis in vivo in a mouse
tail vein model. Similarly, one or both components of the p63/miR-
205 axis were absent in metastases or colonized lymph nodes in a
set of 218 human prostate cancer samples. This was confirmed in
an independent clinical data set of 281 patients. Loss of this axis
was associated with higher Gleason scores, an increased likelihood
of metastatic and infiltration events, and worse prognosis. These
data suggest that p63/miR-205 may be a useful clinical predictor of
metastatic behavior in prostate cancer.
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The p63 protein is a homolog of the p53 tumor suppressor
gene and the linear descendant of the most ancient member

of the p53 family (1, 2). Because of the presence of two pro-
moters, p63 encodes two major classes of proteins: those con-
taining (TAp63) and those lacking (ΔNp63) an N-terminal
transactivating (TA) domain homologous to that present in p53
(1). ΔNp63 isoforms can inhibit the transcriptional activity of the
TA isoforms, both by competing for consensus promoter ele-
ments or by heterodimerization. In addition, alternative splicing
at the C terminus generates at least three further isoforms (α, β,
and γ) of both TAp63 and ΔNp63. ΔNp63α via a second C-ter-
minal TA domain can transactivate a spectrum of genes distinct
from that recognized by the N-terminal TA domain. Here, we
investigated the possibility that this transcription factor exerts at
least part of its cancer-related effects (3) by also activating ex-
pression of small noncoding RNA sequences such as microRNAs
(miRs) (4, 5).
A major problem of human cancer is the occurrence of met-

astatic spread. Cells within the primary lesion undergo epithe-
lial–mesenchymal transition (EMT), which results in increased
cell motility and migration, and which is associated with in-
creased expression of ZEB1, SIP1, and N-cadherin and with
reduced expression of E-cadherin. Recently, some of these EMT
proteins have been shown to be targeted by miRs, and miRs may

thus play a role in EMT and metastasis (6). For example, ex-
pression of the miR-200 family, and miR-205, have been shown
to be reduced in models of EMT (7) and act, at least partially, by
directly targeting the 3′ UTRs of ZEB1 and SIP1. MiR expres-
sion profiling has also identified the miR-200 family and miR-
205, as well as others, whose expression is selectively reduced in
breast cancer metastases, but not in those of colon, bladder, or
lung (8). MiR-205 has also been shown to suppress clonogenicity
of MCF-7 breast cancer cells and, importantly, to suppress
metastatic spread of a human breast cancer xenograft in nude
mice (9). MiRs, including a reduction in miR-205, have also been
implicated in prostate cancer (PCa) (10), and their expression
levels correlated with staging, metastasis, and androgen de-
pendence. In addition to its function in the regulation of EMT,
the loss of miR-205 in prostate cancer has also been related to
reduced expression of the tumor suppressor genes, IL24 and
IL32 (11).
In the present study, we show that miR-205 expression is regu-

lated by both TAp63 and ΔNp63, and that both p63 and miR-205
are lost in human prostate cancer metastasis. The effects of p63
on ZEB1 and on the expression of epithelial and mesenchymal
markers are mediated through miR-205 and p53 mutations, be-
cause mutant p53 can suppress the actions of p63. The significance
of this p63/miR-205 axis has been confirmed in mouse metastasis
models and in human clinical samples. These data suggest that
both p63 and miR-205 may both have diagnostic potential as
biomarkers of metastasis in prostate cancer and provide unique
therapeutic targets in this common malignancy.

Results
TAp63 and ΔNp63 Drive the Expression of miR-205. Although p63,
and particularly the ΔNp63α isoform, is highly expressed in the
basal layer of normal prostatic epithelium, and is required for the
development of secretory cells, p63 is undetectable in the vast
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majority of androgen-dependent (VcaP and LNCaP) and an-
drogen-independent (DU145 and PC3) prostatic cancer cell lines.
Similarly, miR-205 is expressed in normal prostate but not in
prostatic cancer cell lines. To investigate whether this association
was due to a functional relationship between ΔNp63 and miR-
205, we transiently expressed ΔNp63 in PC3 cells, which resulted
in an 8-fold increase in miR-205 expression (Fig. 1A). Because
prostatic cancer cells do not express p63, we used p63 positive-
A431 cells to assess whether knockdown of p63 reduced miR-205
expression. Transient overexpression of sip63 indeed reduced
miR-205 levels by 50% (Fig. 1B). To confirm the ability of p63 to
modulate miR-205, we transiently transfected H1299 cells with
either empty vector or vectors expressing either ΔNp63 or TAp63.
Fig. S1 A and B show that the expression of miR-205 was induced
by roughly 140-fold by ΔNp63, whereas TAp63 induced miR-205
by 21-fold. Next we used two distinct cell lines, MCF-7 cells that
express mainly the ΔNp63 isoform (Fig. S1C) and MDA-MB231
cells (expressing only TAp63, Fig. S1E). Using p63 N-terminal–
specific siRNA, we found that knockdown of ΔNp63 (MCF7 cells:
Fig. S1D) and TAp63 (MDA-MB231 cells: Fig. S1F) reduced
miR-205 expression. The induction of ΔNp63 by doxycycline in
PC3–Tet–On (Fig. 1C) and in SaOS-2–Tet–On (Fig. S1G) cell
lines resulted in a large induction of miR-205 transcripts that was
completely abrogated by stable expression of an inhibitor of miR-
205 (Fig. 1C). Because the time kinetics of miR-205 induction
(3–6 h after ΔNp63 induction) were similar to those of known
direct ΔNp63 targets such as K14 (Fig. S1 H and I), we explored
whether miR-205 is a direct transcriptional target of ΔNp63.
We screened a region of ∼2,000 bp upstream of the miR-205

transcriptional start site (TSS) for consensus p53 response ele-
ments (p53RE) by Matinspector. Three putative p53RE were
identified (Fig. S1J): RE-I, located −953/−931 bp upstream of the
TSS (core similarity = 1.0, matrix = 0.989), RE-II at −635/−613
(core similarity = 1.0, matrix = 0.800), and RE-III at −503/−481
(core similarity = 1.0, matrix = 0.919). This entire 2,000-bp region
was cloned upstream of a luciferase reporter and cotransfected
with ΔNp63 or empty vector in SaOS-2 cells. ΔNp63 transfection
resulted in an approximately threefold enhancement of promoter
activity (Fig. 1D, Prom-WT), suggesting that the 2,000-bp frag-
ment indeed contains ΔNp63 binding sites. To determine which of
the p53REs is bound by p63, we performed both chromatin

immunoprecipitation (ChIP) experiment and luciferase assay with
mutated p53RE. p63 bounded both the p53RE-II and p53RE-III
sites (Fig. 1E) but not p53RE-I, and loss of promoter activity was
observed using the mutated p53RE-III (Fig. 1D, Mut-RE-III),
thus demonstrating that p63 directly drives the miR-205 promoter
via the two binding sites within 700 bp of the TSS.

p63 Targets ZEB1 Through miR-205. We next investigated the path-
ways regulated by miR-205. MiR-205 has been shown to impair
the migratory and invasive properties of PCa cells through
modulating the expression of EMT regulators (7, 12). Based on
the fact that ΔNp63 drives the expression of miR-205, we asked
whether the cellular levels of a miR-205 target, ZEB1 (7, 13),
would also be affected by expression of ΔNp63. We confirmed
previous evidence that miR-205 modulates ZEB1, using a miR-
205–PC3-inducible cell line. The induction of the miR by adding
doxycycline (Fig. S2A) resulted in a significant 48% reduction of
ZEB1 protein expression level, compared with the untreated
miR-205–Tet–On cells, Fig. 1F. Similarly, transient transfection
of PC3 and H1299 cells with a miR-205 precursor resulted in a
reduction of around 50% in ZEB1 levels, as detected both by
qRT-PCR and Western blotting (Fig. S2 B and C). In addition,
inhibition of miR-205 by anti–miR-205 in A431 cells resulted in
an increase of about 50% of ZEB1 at both the mRNA and
protein levels (Fig. S2D). We then performed Western blot
analysis and qRT-PCR of ZEB1 levels in PC3 cells transiently
transfected with ΔNp63 and found a significant reduction of
ZEB1 at both protein and RNA levels (Fig. 1G). The same result
was also found at the protein level in doxycycline-induced
ΔNp63α–SaOS-2–Tet–On cells (Fig. S2E).
We then tested whether the modulation of ZEB1 expression by

ΔNp63 required miR-205. To address this, we expressed ΔNp63
in PC3 cells in the presence or absence of anti–miR-205. Whereas
ΔNp63 expression still resulted in reduced ZEB1 protein levels
with the scrambled control, ZEB1 levels remained unchanged in
the presence of anti–miR-205 (Fig. 1H). Again, the same result
was obtained using the doxycycline-induced ΔNp63α–PC3–Tet–
On cells transfected with anti–miR-205 (Fig. S2F).
Therefore, ΔNp63 represses ZEB1 expression through the di-

rect activation of its target miR-205.
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Fig. 1. ΔNp63 regulates ZEB1 through its target
miR-205. (A) PC3 cells were transfected for 48 h to
express HA-ΔNp63 and endogenous miR-205 levels
assessed by qRT-PCR. Expression level of p63 is
shown in the Western blot (WB). (B) miR-205 levels
in A431 cells transfected with a mixture of three
validated siRNAs targeting different parts of p63.
(C) ΔNp63α–PC3–Tet–On cells or ΔNp63α–PC3–Tet–
On cells expressing anti–miR-205, were treated with
1 μg/mL doxycycline (Doxy) for 24 h and miR-205
was assessed by qRT-PCR. Induction of p63 is shown
in the WB. (D) Insertion of miR-205 promoter region
in a luciferase reporter gene leads to increased lu-
ciferase activity in the presence of ΔNp63 in SaOS-2
cells. Mutation of the RE-III p53-binding site abol-
ished ΔNp63-mediated luciferase activity. (E) Chro-
matin immune precipitation (ChIP) experiment that
shows that p63 is able to bind the p53RE-II and
p53RE-III sites. (F) ZEB1 protein levels in miR-205–
PC3–Tet–On cells. Percentage of inhibition of ZEB1
protein is expressed relative to untreated miR-205–
PC3–Tet–On cells and normalized to GAPDH levels.
(G) qRT-PCR and WB of ZEB1 levels in PC3 cells
transfected for 48 h as indicated. (H) WB of ZEB1 protein in PC3 cells transfected with HA-ΔNp63, and subsequently transfected with anti–miR-205 or a
negative control (Neg Ctrl). Percentage of inhibition of ZEB1 protein is expressed relative to pcDNA plus Neg Ctrl and normalized to actin levels. All of the
qRT-PCR results were normalized to RNU6B or GAPDH and data represent mean ± SD of three different experiments analyzed in triplicate. Levels of actin or
GAPDH were used as loading control.
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p63 Affects the Expression of Epithelial and Mesenchymal Markers.
ZEB1 is a major regulator of EMT by reducing expression of
epithelial proteins such as E-cadherin while increasing expres-
sion of mesenchymal markers such as vimentin. Therefore, the
reduction in ZEB1 expression by ΔNp63 suggests that activation
of the ΔNp63/miR-205 axis may induce a mesenchymal-to-epi-
thelial transition (MET). To evaluate this, we assessed whether
ΔNp63 and miR-205 affected E-cadherin and vimentin levels.
Following transfection of ΔNp63 in PC3 cells, E-cadherin was
increased at both mRNA and protein levels (Fig. 2A), whereas
expression of vimentin was reduced (Fig. 2B). Similarly, trans-
fection of pre–miR-205 also produced an increase in E-cadherin
transcripts and protein (Fig. 2C), with a reduction in vimentin
expression (Fig. 2D). Cotransfection of ΔNp63 with anti–miR-
205 restored vimentin expression (Fig. 2E), showing that the
effects of ΔNp63 on ZEB1 and its E-cadherin and vimentin
targets are mediated by miR-205.

p63 Inhibits Cell Migration and Produces Changes in Golgi Polarization.
The repression of ZEB1 by ΔNp63, together with the changes in
epithelial and mesenchymal markers, suggested that ΔNp63,
acting through miR-205, may play an important role in cell
morphology and migration and therefore in metastasis. To test
this, we expressed ΔNp63 in PC3 cells and first observed a
morphological change from a spindle-shaped mesenchymal form
to a more rounded epithelium-like form, with many cells ag-
gregating together in groups. Secondly, using a wound healing or
scratch assay, we observed an inhibition of migration by cells
overexpressing ΔNp63 compared with those transfected with the
empty vector (Fig. S3A and Movies S1 and S2). Similar results
were obtained following transfection of cells with pre–miR-205
(Fig. S3B and Movies S3 and S4). Conversely, inhibition of miR-
205 in ΔNp63-transfected PC3 cells caused an increase in mi-
gration compared with cells transfected with ΔNp63 alone (Fig.
3A and Movies S5, S6, S7, and S8). qRT-PCR confirmed that
miR-205 levels remained elevated throughout the duration of
the scratch assays (Fig. S3C), without significant differences in
cell cycle profile or in cell death between cells transfected with
empty vector or with ΔNp63 (Fig. S3D).
Redistribution of the Golgi apparatus is an important event in

the polarization and migration of many cell types. A polarized
Golgi supplies membrane components for leading edge pro-
trusion (14). We therefore investigated the effects of ΔNp63
expression in PC3 cells on Golgi polarization by immunofluo-
rescence analysis. In PC3 cells transfected with an empty vector,

both the Golgi apparatus and actin filaments polarized to face
the direction of migration when they moved toward the scratch
wounds in a cell culture dish (Fig. 3 B, Upper and C and Fig. S4A,
Left). Conversely, ΔNp63 cells did not consistently orientate their
Golgi toward the wounded area (Fig. 3 B, Lower and C and Fig.
S4A, Right), suggesting that their random migration may be as-
sociated with an inability to properly establish an axis of polarity
with respect to the wound’s edge. The same results were
obtained using the ΔNp63–PC3–Tet–On (Fig. S4 B and C) and
the miR-205–PC3–Tet–On (Fig. S4 D and E) cell lines in which
the expression levels of ΔNp63 or miR-205, respectively, were
induced by doxycycline. In addition fluorescence time-lapse im-
aging of GFP-spectrin revealed that migrating PC3 cells adopted
a fan-like morphology with extended lamellipodia at the migra-
tion front and started to migrate toward the wound in an orga-
nized fashion (Fig. S4F, Left and Movie S9). However, in cells
overexpressing ΔNp63, the spectrin filaments polarized randomly
with an alternating protruding and retracting behavior (Fig. S4F,
Right and Movie S10).
Taken together, ΔNp63, through the induction of miR-205,

negatively regulates cell migration by modulating cell spreading
and polarization.

p53 Mutants Inhibit p63 Activity. Recent studies have shown that
p53 mutants can inhibit p63 (15, 16) and that this can enhance
invasion by tumor cells (17–19). We used a prostate cell line,
RWPE-1, that expresses mainly the ΔNp63 isoform (Fig. S5A),
and a prostate carcinoma cell line (DU145), which has endoge-
nous mutants of p53, no p63, no miR-205, and high levels of
ZEB1, both at the mRNA and protein levels, compared with
RWPE-1 cells (Fig. 4 A and B). In DU145 cells, ZEB1 protein
levels were inhibited by 55% following transfection of precursor
miR-205 (Fig. S5B). We next confirmed that p53 mutants inhibit
p63 mRNA expression and then asked whether p53 mutants
could compromise the effects of p63 on miR-205. Thus, RWPE-1
cells were transiently transfected with a p53 mutant, R175H, and
transfection resulted in a significant reduction both of p63
mRNA and miR-205 expression levels (Fig. 4C), together with
a parallel increase in ZEB1 (Fig. S5C) and reduced expression of
p21 (Fig. S5D) and Bax (Fig. S5E) protein levels, suggesting that
the mutant impaired the transcriptional activity of p63. Mutant
p53 transfection also resulted in a significant reduction in miR-
205 expression levels in H1299 cells transiently transfected with
four different p53 mutants (Fig. S5F).
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To assess whether the reduction in expression of p63 targets
was secondary to a reduction in the steady-state protein levels of
p63 itself, we performed a cycloheximide blocking experiment
measuring p63 stability. As shown in Fig. S5H and I, p53–R175H
transfection in PC3 and H1299 cells reduced p63 half-life com-
pared with p53 WT. Conversely, knockdown of the endogenous
p53 mutant in DU145 cells increased p63 stability (Fig. 4D,
quantified in Fig. S5G), with an increase both of p63 protein and
of its target p21 (Fig. 4E).
To identify a direct interaction between p53 and p63, we

coimmunoprecipitated p63 and mutant p53 both in PC3 reex-
pressing p53-WT (Fig. 4F and Fig. S6A andB) and inDU145 (Fig.
S6C). A significant interaction was detected with all mutants, es-
pecially the DNA binding domain (DBD) unfolded R175H,
a mutant known to have a destabilized DNA binding domain and
being prone to aggregation (Fig. S6D). Coexpression in cells seems

to be necessary to establish aggregation-based interaction,
whereas the more transient interaction in pull-down assays with
the isolated p63 DBD is not sufficient to form stable aggregates
(Fig. S6 E and F).
P53 mutant DU145 cells showed enhanced migration in the

scratch assay compared with the p53 wild-type RWPE-1 cells,
and this could be at least partially reversed by transfection of
DU145 with pre–miR-205, and pre–miR-205 transfection in
these cells had no effects on cell cycle or apoptosis (Fig. S7 A–C
and Movies S11, S12, and S13). To further investigate the be-
havior of p53 mutant-expressing cells, we examined their mi-
gration in a scratch-wound assay obtained after plating DU145
cells and DU145 cells transiently transfected with a human miR-
205 GFP construct (Fig. S7D). This confirmed that the migration
of cells expressing miR-205 was inhibited. Moreover, transfected
cells moved erratically into the wound (tortuosity; Fig. S7E),

pcDNA Np63 pcDNA Np63 pcDNA Np63

0

20

40

60

80 Front
Middle
Back

0 hours 2 hours 6 hours

%
T

o
t
a

l
c

e
ll
s

(
G

F
P

p
o

s
it
iv

e
)

****C 
B 

pc
D

N
A

 
Neg Ctrl 

0 h 

36 h 

pcDNA Np63 
A anti-miR-205 

pcDNA Np63 

N
p6

3 

GFP-phalloidin

Golgi 

DAPI 
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ments are shown. (C) Localization of the Golgi
complex in >100 GFP+ cells around the edge of the
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mean ± SEM of three different experiments ana-
lyzed in triplicate. *P < 0.05, ***P < 0.001.
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displayed a marked loss of straight distance (Fig. S7F), mean
velocity (Fig. S7G), and total distance migrated (Fig. S7H).
Conversely, silencing of endogenous mutant p53 resulted in an
inhibition of cell migration compared with the parental DU145
cells, again without affecting cell cycle profile or apoptosis (Fig.
S7 I and J and Movies S14 and S15).

p63 and miR-205 Are Expressed at Lower Levels in Metastatic Prostate
Cancer. To test whether the hypothesis was clinically relevant, we
assessed the levels of ΔNp63 and miR-205 in biopsy samples of
prostate tumors from the Taylor et al. series (20) (GSE21032)
(Fig. S8G). Unsupervised clustering of samples by expression of
miR-205 together with TP63 expression on all probes along its
exons revealed three groups that were characterized by low ex-
pression of miR-205 and ΔNp63 (ΔNp63–miR-205 loss), high
expression of miR-205, and of all probes representing ΔNp63
(ΔNp63–miR-205 function), and an intermediate group charac-
terized by moderately low expression of ΔNp63 and mean range
expression of miR-205 (ΔNp63–miR-205 intermediate). Expres-
sion of probes unique to TAp63 was insignificant in all three
clusters (Fig. S8F). We found a remarkably tight correlation
between the average expression of the ΔNp63 probes and miR-
205 expression (P < 1.0E-06, Fig. 5A). Normal samples had the
highest expression of both ΔNp63 and miR-205, and they all
associated with the ΔNp63–miR-205 function group (Fig. 5B).
Loss of both components (Fig. 5A) was significantly associated
with metastatic events (P < 1.0E-05) and lymph node invasion
(P < 0.001) (Fig. S8A). In addition, loss of ΔNp63 and miR-205
was associated with higher Gleason scores (Fig. S8B) and higher
levels of prostate-specific antigen (PSA) (Fig. S8C). Indeed, loss
of both ΔNp63 and miR-205 was found in 12 of 13 metastatic
tumors and 11% of primary tumor samples. Notably, the ΔNp63–
miR-205 loss group also had significantly reduced time to bio-
chemical recurrence (P = 1.91E-03, Fig. 5C) and significantly

shorter overall follow-up time within the 5-y period of the study
(P = 2.97E-05, Fig. 5D). Overall, this group clearly had the worst
prognosis, whereas the ΔNp63–miR-205 function group con-
tained all normal samples and had the best clinical prognosis.
Using EMT expression signatures (Fig. S8G), necessary be-

cause miR-205 has multiple targets, including ZEB1 (Fig. S2E)
and ZEB2 (Fig. S2G) reducing statistical power, we found a
clear correlation between loss of the ΔNp63–miR-205 axis and
induction of EMT as indicated by these signatures (Fig. 5B), with
high statistical significance (Fig. S8D).
Finally, we confirmed the impact on survival outcome in an

additional dataset containing mRNA expression data from 281
prostate cancer samples from a Swedish watchful waiting cohort
(21). Gene lists containing the most significantly miR-205 coex-
pressed genes and miR-205 antisense expressed genes were de-
rived and gene set enrichment analysis (GSEA) was applied
followed by unsupervised clustering. The resulting clusters
showed that loss of ΔNp63–miR-205 function as indicated by the
signatures was again predictive of poor survival (P = 8.14E-03,
Fig. S8E). In this dataset, the EMT down-regulation signature
was significantly correlated with the ΔNp63–miR-205 up-regu-
lation signature (P = 4.42E-03) and inversely correlated with the
ΔNp63–miR-205 down-regulation signature (P = 9.94E-03),
suggesting suppression of EMT by an active ΔNp63–miR-
205 complex.
Overall, ΔNp63–miR-205 loss was correlated with loss of ep-

ithelial markers and gain of an EMT transcriptional signature
and was clearly associated with poor clinical outcome and in-
creased metastatic potential, implying an overall functional
correlation with EMT and invasive processes.
To examine whether ΔNp63 and miR-205 expression prevent

tumor metastasis in vivo, we injected inducible PC3 cell lines in the
tail vein of nude mice. After 3 (Fig. 5E) and 6 (Fig. S9) wk, the
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Fig. 5. In human prostate cancer, loss of ΔNp63 and
miR-205 associates with invasive phenotype and poor
clinical outcome. Tumor andnormal prostate samples
clustered into three groups reflect the activity of the
ΔNp63–miR-205 complex. Groups were indicative of
metastatic and invasive behavior as well as clinical
prognosis. (C) Time to biochemical recurrence for the
three groups. (D) Clinical follow-up in the cohort was
recorded over 5 y; all data are censored for survival.
Kaplan–Meier analysis with suppressed censoring
shows a significant trend within this follow-up time
toward poor survival in the ΔNp63–miR-205 loss
group. (A) miR-205/ΔNp63 relationship. Average ex-
pression of ΔNp63 was calculated from ΔNp63-spe-
cific probes and compared with miR-205 expression.
Metastatic tumor samples are indicated in red dia-
monds, primary tumors in black squares, and normal
samples in blue circles. Pearson correlation was cal-
culated together with the significance of the corre-
lation. Notable is the clean separation between
metastatic and normal samples. (B) Heatmap illus-
trating miR-205 and ΔNp63 expression in prostate
cancer. Data show (i) clustering of samples by their ΔNp63/miR-205 expression,Middlebars; (ii) association betweennormal andΔNp63/miR-205 expression aswell
as metastasis and ΔNp63/miR-205 loss, Top bars; and (iii) association between the EMT signature and the expression of the ΔNp63/miR-205 axis, Bottom bars.
Middle bars (clustering): Samples were clustered by their miR-205/ΔNp63 expression (red indicates significant overexpression and blue, significant under-
expression of the gene/miR, true color: P≤ 1.0E-05). This determined one group of samples with an activemiR-205/ΔNp63 axis (“function”), one groupwith a clear
loss of expression (“loss”), and one intermediate group (“intermediate”) as indicated in the clustering bar. Top bars (primary, metastasis, normal): The group
exhibiting loss of miR-205/ΔNp63 expression was enriched in metastatic samples, whereas the miR-205/ΔNp63 function group was enriched in normal tissue
samples (P < 1.0E-06; compare also Fig. S8 A–C). Bottom bars: The miR-205/ΔNp63-loss group was also associated with an EMT transcriptional profile (P < 0.01,
compare also Fig. S8D). Signature scores (Sarrio bars) for experimentally derived signatures according to Sarrio et al. (27) characterizing EMT are shown. Red
indicates significant positive, and blue indicates significant negative association of a sample with a signature. P value for enrichment of the cluster loss with the
signature EMT_up is 0.0014. Full statistics are in Fig. S8D. (E) Lungmetastasis in nudemice. A total of 1.5 × 106 scrambled control–PC3–Tet–On (12mice), ΔNp63α–
PC3–Tet–On (10mice), or miR-205–PC3–Tet–On (10mice) cells were injected through the tail vein of BALB/c nudemale mice. ΔNp63α andmiR-205 expression was
induced with doxycycline through their drinking water. Animals were killed after 3 wk and total number of lung metastases was counted using a stereomicro-
scope. ***P < 0.001. See also Fig. S9.
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mice were killed and the lungs removed for analysis. The lungs
derived from control mice injected with scrambled expressing PC3
cells had the highest number of metastases. A significant reduction
in the incidence of lung metastasis was detected in mice injected
with cells expressing miR-205 or ΔNp63 (Fig. 5E and Fig. S9).
These results clearly show that both ΔNp63 and miR-205 expres-
sion significantly inhibit the in vivo incidence of lung metastasis.

Discussion
ΔNp63 is frequently overexpressed in epithelial cancers, being cor-
related with poor prognosis (22). In contrast, TAp63 has been
reported to suppress metastasis through the regulation of Dicer, an
enzyme important for miR maturation, and through a number of
specificmiRs, includingmiR-130b (23). In the present study, we show
thatmiR-205 expression is regulated by both TAp63 andΔNp63, and
that both p63 and miR-205 are lost in human prostate cancer me-
tastasis. Thus, the loss of ΔNp63 in prostate cancer is associated with
metastatic spread and worse prognosis due to the indirect regulation
by ΔNp63 of ZEB1, an important modulator of EMT.
Previous studies have shown that miR-205 regulates both

ZEB1 and SIP1 and that inhibition of miR-205 reduces expres-
sion of E-cadherin while increasing the levels of mesenchymal
markers (7). As a consequence of its involvement in the regu-
lation of EMT, loss of miR-205 is associated with enhanced
metastatic potential in both model tumor systems and in human
cancers, particularly of the breast (7, 9). Several additional miR-
205 targets, which may influence tumor behavior, have also been
identified, including ErbB3 and VEGF-A (9), LDL receptor-
related protein 1 (24), and PKC«́ (12). In the present study, we
demonstrate that miR-205 is a direct target of ΔNp63, and the
effects of ΔNp63 on EMT markers, such as ZEB1, are abrogated
by anti–miR-205. Similarly, the inhibition of cell migration re-
sulting from ΔNp63 expression is reversed by anti–miR-205. In
human prostate cancer samples, partial, and more strikingly,
complete loss of the ΔNp63/miR-205 axis is correlated with EMT
expression patterns and is a predictor of metastatic spread,
lymph node involvement, and overall poor prognosis.
p53 mutants have been shown to physically interact with p63

isoforms (25, 26). TAp63 and ΔNp63 activity can also be inhibited
when they are incorporated into a complex with mutant p53 and

TGFβ activated Smads, with dysregulation of two metastasis-re-
lated genes, Sharp-1 and cyclin G2 (15). In the present study, we
show that p53 mutants reduce ΔNp63 and miR-205 expression in
cells, with a corresponding increase in cell migration. This is at least
partially rescued by transfection with pre–miR-205. We further
demonstrate that several p53 mutants, reduce p63 stability, and the
reduction in p63 levels may contribute to the reduced expression of
its transcriptional targets such as miR-205. However, we cannot
exclude the possibility that mutant p53 also inhibits p63 activity by
competition for consensus binding sites in the promoters of target
genes or by sequestration into aggregates. Thus, in cancers in which
p53 mutations tend to occur in late stages, cell migration, EMT,
and metastasis could all be potentially enhanced, even when p63
remains expressed, due to its functional inhibition by mutant p53.
These data show that the p63/miR-205 axis provides a linked

molecular footprint, which is predictive of the metastatic po-
tential of prostate cancer, and which may be a useful clinical
biomarker. In addition, studies aimed at identifying the mecha-
nisms that lead to ΔNp63 down-regulation in the prostate, such
as miR-203, may reveal new therapeutic targets to contain the
spread of this common cancer.

Materials and Methods
Details are provided in SI Materials and Methods for cell culture and trans-
fection, generation of stable cell lines, Western blotting, coimmunoprecipi-
tation, RNA extraction, qRT-PCR, Luc assay, chromatin immunoprecipitation,
wound healing assay, immunofluorescence microscopy, flow cytometry anal-
ysis, gene expression and clustering analysis, and tumor metastasis in vivo.

Data are reported as mean values ± SD or ± SEM of at least three in-
dependent experiments. Unpaired Student t test was used to generate sta-
tistical analysis. P values <0.05 were considered statistically significant.
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