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p63 expression correlates with sensitivity to the
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Antimitotics such as taxanes are being considered as alternatives to conventional cisplatin-based chemotherapy in
patients with bladder cancer, but the molecular determinants of sensitivity or resistance to these agents in bladder cancer
cells have not been defined. Here we examined the cytotoxic effects of a novel antimitotic, the Eg5 inhibitor AZD4877,
in a molecularly diverse panel of human bladder cancer cell lines. The cells displayed heterogeneous responses to the
drug that correlated closely with sensitivity to docetaxel but not with sensitivity to cisplatin. Global gene expression
profiling identified p63 as the top gene that was differentially expressed between sensitive and resistant cell lines. Stable
knockdown of p63 inhibited cell death induced by either AZD4877 or docetaxel and was associated with decreased
proliferation and decreased expression of c-myc. Furthermore, c-myc knockdown also rendered cells resistant to AZD4877
or docetaxel. Together, our results implicate p63 and its downstream target c-myc as determinants of sensitivity to anti-
mitotics in bladder cancer cells. Our data also suggest that anti-mitotics and cisplatin target different subsets of bladder
cancer cells, a conclusion that may have important implications for the therapy of muscle-invasive bladder cancers.

Introduction

Bladder cancer is currently the fifth most prevalent malignancy
in the United States and is the ninth leading cause of cancer
deaths in American men.! Bladder cancers fall into two major
pathological subcategories (superficial and muscle-invasive) that
pose different challenges for clinical management. While super-
ficial bladder tumors are rarely lethal, they recur frequently, mak-
ing them the most costly cancers to clinically manage.? On the
other hand, although a significant fraction (approximately 40%)
of patients with high-risk muscle-invasive bladder cancers can be
cured with surgery and cisplatin-based chemotherapy, progres-
sion in patients with cisplatin-resistant disease is extremely rapid
and uniformly fatal.? Therefore, there is a great need to identify
therapeutic regimens that target the cisplatin-resistant subset of
muscle-invasive tumors.

Some clinical data suggest that antimitotic drugs such as
taxanes may also be active in bladder cancer.” Taxanes work by
preventing the depolarization of microtubules, thus interfer-
ing with microtubule dynamics necessary during mitosis. This
interference results in the activation of the mitotic spindle check-
point, a critical regulatory mechanism in cells that prevents the
onset of anaphase until all chromosomes are properly aligned,
and leads to mitotic arrest in cells with intact checkpoint func-
tion and apoptosis in cells that possess defects in the checkpoint
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(i.e., tumors).*> However, because microtubules are critical in cel-
lular functions other than mitosis, taxane treatment can result in
harmful side effects, such as peripheral neuropathy.® Therefore,
there is interest in developing chemotherapeutic agents that tar-
get cells with defects in the mitotic spindle checkpoint more spe-
cifically. Inhibitors of the mitotic kinesin Eg5 (kinesin-5, KSP,
Kif11) have emerged as potentially specific and effective anti-
cancer agents.”® Eg5, active only during mitosis, contributes to
the bipolarization of the mitotic spindle. In the absence of Eg5,
mitotic cells form a monopolar spindle that activates the spindle
checkpoint.”!?

Previous studies have sought to determine the exact mecha-
nisms of antimitotic induced cell death, and to explain why only
a subset of tumors shows a clinical response to these drugs. Some
investigators have suggested that the effectiveness of the spindle
checkpoint itself determines cellular response, as they saw a much
weaker apoptotic response to antimitotics in cells lacking critical
checkpoint proteins, such as Mad2 or BubR1."""* Other studies
argue that antimitotic induction of apoptosis is independent of
the spindle checkpoint."" Clearly, more research focus must be
placed on enhancing our understanding of antimitotics and our
ability to pre-determine which tumors will respond to these drugs.

The p63 proteins comprise a subset of the p53 family that play
important roles in development and the maintenance of “stem-
ness” in epithelial tissues.?” The p63 proteins can be subdivided
into two groups (the TA and AN isoforms) based on whether
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Table 1. AZD4877-induced apoptosis in human bladder cancer cells

Cell line 24h SorR 48 h SorR
uce 58.5 S 79.9 S
ucis 51.3 S 62.6 S
RT4v6 45.8 S 66.2 S
RT4v1 40.5 S 55.7 S
ucio 37.2 S 53.6 S
RT4 36.8 S 70.8 S
ucs 325 S 63 S
uciz 30.9 S 63.4 S
uci 30.1 S 44.8 R
uci4 29.7 R 71.8 S
JB 24.3 R 57.4 S
BV 21.6 R 27.3 R
uco 20.5 R 20 R
uci3 18.8 R 46.7 R
ucs 17.0 R 45.3 R
T24 14.2 R 284 R
uci2 10.8 R 36.6 R
mean 30.6 52.6
median 30.1 55.7

Cells were exposed to 10 nM AZD4877 for 24 or 48 h and apoptosis was
quantified by propidium iodide staining and FACS analysis as described
in Materials and Methods. Background levels of apoptosis were sub-
tracted from the levels observed in drug-exposed cells to derive the
values presented in the table. Results were derived from mean values
obtained in three independent experiments.

or not they contain a full-length N-terminal transcriptional
transactivation domain. TAp63 isoforms are expressed early in
development by the basal and intermediate cell layers within the
bladder urothelium that contain the stem and transit-amplifying
cells, respectively, whereas the AN isoforms are only expressed
after birth.?»*? p63 ablation in the mouse results in complete
loss of these cell populations.”? Comparisons of superficial and
muscle-invasive bladder cancers have demonstrated that p63 lev-
els are generally lower in the latter,” but recent research shows
that invasive tumors maintaining ANp63 expression represent a
more aggressive phenotype than invasive bladder tumors lacking
p63.222% Thus, p63 appears to play a critical role in bladder can-
cer that requires further elucidation.

In the current study, we sought to identify the molecular
mechanisms that dictate sensitivity to a novel Eg5 inhibitor,
AZD4877, in a heterogeneous panel of human bladder cancer
cell lines. Using gene expression profiling, we found that ANp63
expression correlated with sensitivity to AZD4877 but not with
sensivity to the frontline agent, cisplatin. Our functional stud-
ies established that p63 expression promotes drug sensitivity via
a cell cycle-related mechanism that involves c-myc. Our results
suggest that AZD4877 and other anti-mitotics and cisplatin will
preferentially target non-overlapping subsets of tumors, and they
provide the foundation for a more focused evaluation of anti-
mitotics in bladder cancer patients.
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Results

A panel of bladder cancer cell lines displays varying sensitiv-
ity to AZD4877. In order to characterize sensitivity to the novel
antimitotic AZD4877 in vitro, we exposed a panel of 17 bladder
cancer cell lines to varying concentrations of the drug and used
propidium iodide staining and FACS analysis to quantify the
levels of DNA fragmentation characteristic of apoptosis in each
cell line (Table 1). We found 10 nM to be an effective drug con-
centration in vitro, and identified a wide spectrum of responses
to the drug at 24 (Fig. 1A) and 48 (Fig. 1B) hour time points
in our cell lines. We also assessed cellular responses to cispla-
tin because it serves as the core of current frontline therapy for
muscle-invasive bladder cancer (Fig. 1C). Interestingly, many
of the AZD4877-sensitive cell lines were resistant to cisplatin,
whereas several of the AZD4877-resistant cell lines were rela-
tively cisplatin-sensitive (Fig. 1C). Therefore, bladder cancer cell
lines exhibit complementary patterns of sensitivity and resistance
to AZD4877 and cisplatin.

Sensitivity to AZD4877 correlates with p63 expression.
To identify molecular markers associated with sensitivity to
AZD4877, we performed baseline microarray analyses on five of
the more sensitive and five of the more resistant cell lines, and
we found that p63 was the top most differentially expressed
gene (Table 2). Specifically, AZD4877-sensitive cells generally
expressed high levels of p63 mRNA and protein, whereas levels of
both were essentially undetectable in the more drug-resistant cells
(Fig. 2). The only cell line that did not adhere to this pattern was
UCI0, which was drug-sensitive but p63-negative (Fig. 2A). In
separate studies we determined that the AN a isoform is the pre-
dominant isoform expressed by these and other human bladder
cancer cell lines and in primary patient tumors.** Interestingly,
we noticed that there was also a very close correlation between
expression of p63 and epithelial (E- and P-) cadherins in human
bladder cancer cell lines (Fig. 2A) and primary tumors,** suggest-
ing that p63 may also be a marker of epithelial-to-mesenchymal
transition (EMT). The UC10 cells expressed high levels of E-
and P-cadherin even though they were p63-negative (Fig. 2A).

p63 contributes to sensitivity to antimitotic drugs. We next
used RNAI to determine whether p63 expression contributed
directly to AZD4877 sensitivity. Stable knockdown of TAand AN
isoforms in UM-UC14 cells was achieved using a lentiviral vector.
The UC14 p63 KD cells were markedly resistant to AZD4877 as
compared with the parental UC14 cells or cells transduced with
a non-targeting shRNA construct (Fig. 3A). To confirm that the
effects were dependent on knockdown of the AN isoform, were
not due to off-target effects of the lentiviral shRNA construct,
and were also observed using a different measurement of apop-
tosis (caspase activation), we transfected the UC14 cells with
non-targeting or ANp63-specific siRNA constructs and assessed
the effects on AZD4877-induced cleavage of the hallmark cas-
pase-3 substrate, poly(ADP-ribose) polymerase (PARP). Again,
ANp63 silencing strongly attenuated AZD4877-induced apopto-
sis (Fig. 3B). It has been previously reported that cancer cell lines
display similar patterns of sensitivity to different antimitotics in
vitro.” Therefore, we investigated whether p63 contributes to
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Figure 1. Effect of AZD4877 treatment on a panel of
bladder cancer cell lines. Propidium iodide staining

and FACS analysis were used to determine effects of
AZD4877 (10 nM) on apoptosis at 24 (A) and 48 (B) h
time points. Percentages of subG /G, cells in treated and
untreated cells is shown on the Y-axis (n = 3). In (C), the
effects of AZD4877 (10 nM, 24 h) and cisplatin (10 .M,
48 h) were compared by subtracting background DNA
fragmentation levels from the levels observed in drug-
exposed cells.

% subdiploid

sensitivity to a clinically approved antimitotic drug
(docetaxel, also known as Taxotere). Preliminary
experiments established that a concentration of
10 ng/ml docetaxel produced maximal levels of
apoptosis in the cell lines (data not shown). Again,
we found that the UC14 p63KD cells were sig-
nificantly less sensitive to docetaxel than were the
parental UC14 cells or UC14 cells transduced with
the non-targeting construct (Fig. 3C). Finally, we
assessed the effects of p63 knockdown on sensitiv-
ity to cisplatin, gemcitabine, or a combination of

80

the two drugs. Although UC14 cells were markedly %
resistant to cisplatin alone, cells exposed to gem- =6
citabine plus cisplatin underwent apoptosis, and ]

2
p63 knockdown also attenuated these responses 2 40
(Fig. 3D). Therefore, even though p63 expression 2

does not correlate with sensitivity to cisplatin, p63
may still contribute to sensitivity to DNA damag-
ing agents in the cell lines that express it.

p63 regulates cell proliferation and c-myc
expression. Previous studies indicate that the pro-
cess of apoptosis is in fact tightly coupled with
cellular proliferation.”” Additionally, it has been
shown that antimitotic drugs depend on progres-
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sion through the cell cycle to mitosis to exert
their apoptotic effects.!?* We noticed that stable
p63 silencing appeared to slow the growth of the
UM-UCI14 cells. To measure this effect directly,
we plated equal numbers of parental UM-UC14
cells or the cells stably transduced with non-
targeting or p63-specific shRNA constructs and
counted the cells at 24, 48 and 72 h after plating.
Consistent with our impressions, the UM-UC14
parental cells and the non-targeting shRNA trans-
fected cells displayed significantly faster growth
rates than the p63-silenced cells (Fig. 4A). We

then used gene expression profiling to explore the

% subdiploid

molecular mechanisms underlying p63’s growth-
promoting effects and found that p63 knockdown
significantly inhibited expression of c-myc and
several other genes associated with cell cycle pro-
gression (Tran M, unpublished observations). We
confirmed that p63 knockdown suppressed c-myc
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expression at the mRNA level by quantitative real-
time PCR (Fig. 4B) and at the protein level by immmunoblot-
ting (Fig. 4C).
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A previous study concluded that ANp63 promotes prolifera-
tion by inducing nuclear B-catenin accumulation and signaling,*’
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Table 2. Differences in baseline gene expression in AZD4877-sensitive and -resistant bladder cancer cells

p value FDR Probe ID
1.00E-07 0.00473 ILMN_3305055
3.00E-07 0.0071 ILMN_1704294
1.50E-06 0.0177 ILMN_2138801
1.50E-06 0.0177 ILMN_2399016
3.30E-06 0.0312 ILMN_2133205
9.90E-06 0.0645 ILMN_2376050
1.06E-05 0.0645 ILMN_1766951
1.09E-05 0.0645 ILMN_1696643
1.44E-05 0.0734 ILMN_2337955
1.55E-05 0.0734 ILMN_1664006

Symbol GB acc # Fold change*
TP63 NM_001114981 0.042
CDH3 NM_001793 0.092
TP73L NM_003722 0.065

MMP28 NM_001032278 0.11
GPX2 NM_002083 0.016
FXYD3 NM_005971 0.42
MSX2 NM_002449 0.48
TLN1 NM_006289 1.96

ZMAT5 NM_019103 1.56

AGL NM_000642 0.58

*Resistant/sensitive. Baseline gene expression was compared in 5 AZD4877-sensitive (UC5, UC6, UM14, UC15 and RT4v6) and 5 AZD4877-resistant (UC3,
UC9, UC12, 253J B-V and T24) human bladder cancer cell lines using lllumina whole genome arrays as described in Materials and Methods. Note that

TP63 and TP73L both refer to p63 and that CDH3 represents P-cadherin.

and it is well established that -catenin can drive c-myc expres-
sion via a TCF/Lef-1-dependent mechanism.?*%° We observed a
correlation between p63 and B-catenin expression in 8 out of
10 of our cell lines, but this correlation did not extend to Myc
(Fig. 5A). In addition, p63 knockdown had no significant effect
on B-catenin mRNA (data not shown) or protein levels in the
UC14 cells (Fig. 5B).

Myc promotes sensitivity to antimitotic drugs. Previous
studies have shown that the c-myc gene is of central importance
in driving both cell proliferation and apoptosis.?***** To deter-
mine whether c-myc contributed directly to AZD4877 and/or
docetaxel sensitivity, we used RNAI to knock down c-myc in the
UC14 cells. We confirmed that knockdown of ¢-yc rendered the
cells resistant to both drugs (Fig. 6A and B). We then measured
cell death in the UCI14 cells exposed to gemcitabine, cisplatin or
a combination of the two drugs. Myc knockdown also decreased
sensitivity to the GC combination, although the effects were not
as dramatic as those observed in the cells that were exposed to

AZD4877 or docetaxel (Fig. 6C).
Discussion

In 2010, more than 70,000 new cases of bladder cancer were
diagnosed in the US.! Because the high recurrence rate of super-
ficial bladder cancer dictates a long-term medical following, it
ranks as the most expensive cancer in the United States. While
muscle invasive bladder cancers that possess low-risk features can
usually be cured with surgery, tumors with high-risk features
are usually lethal unless patients are treated with neoadjuvant or
adjuvant chemotherapy. Cisplatin-based combination regimens,
most notably gemcitabine plus cisplatin (GC) and methotrexate/
vinblastine/adriamycin/cisplatin (MVAC), are active in a subset
of these tumors, producing cures in nearly 60% of patients.**3°
However, there are currently no active therapies for cisplatin-
resistant tumors, and it is not presently possible to prospectively
identify them. Methods for predicting patient response to che-
motherapy (most notably the COXEN algorithm) are being
developed that hopefully will change this situation.?”3
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In the present study, we sought to identify molecular markers
associated with response to the novel mitotic kinesin inhibitor
AZD4877 in bladder cancer. Using a diverse panel of human cell
lines, we measured drug-induced apoptosis and used microarray
analyses to correlate observed patterns of sensitivity and resis-
tance with baseline gene expression profiles. The results indicate
that p63 is a biomarker for sensitivity to AZD4877. In addition,
p63 appears to contribute directly to drug sensitivity in these cells
via mechanisms that involve Myc. p63 has not previously been
shown to play a role in sensitivity to anti-mitotics, nor has the
interaction between p63 and Myc been reported. However, our
results are consistent with an earlier study that concluded that
ANp63 regulates proliferation in human head and neck squa-
mous cell carcinoma lines. In that study the effects of ANp63
were linked to increased (3-catenin expression caused by ANp63’s
ability to interact with the B56a subunit of protein phosphatase
2A (PP2A) and glycogen synthase kinase-3 (GSK38), which
inhibited B-catenin phosphorylation and increased (-catenin
stability.?” Even though we also observed a correlation between
p63 and B-catenin expression in most of our cell lines, this corre-
lation did not extend to Myc, and p63 knockdown had no effect
on -catenin levels, strongly suggesting that p63’s effects on Myc
were not mediated via B-catenin stabilization. Importantly, we
do not yet know whether p63’s effects on Myc and potentially
other cell cycle regulators are direct or indirect. Our plan is to
use chromatin immunoprecipation and DNA sequencing (ChIP-
Seq) along with our gene expression profiling data to obtain a
more comprehensive understanding of p63’s effects on Myc, cell
cycle progression and proliferation in bladder cancer cells.

Previously, investigators have sought to explore in detail
exactly how antimitotic drugs cause cell death and how some cells
manage to evade their effects. Several studies have found that the
effectiveness of the spindle checkpoint is the primary determinant
of response to taxanes and other antimitotics, with increased resis-
tance to apoptosis seen in cells with a compromised spindle check-
point.'""* However, mutations in spindle checkpoint proteins are
rare in human cancers.”® It has also been reported that it is the
status of a cell’s apoptotic machinery, not the spindle checkpoint,
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Figure 2. Differential p63 expression in AZD4877-sensitive and -resistant bladder cancer cell lines. (A) Expression of p63, E-cadherin (CDH1) and
P-cadherin (CDH3) were measured using lllumina whole genome mRNA expression profiling. p63 levels were confirmed in a 10 cell line subset by im-

which determines sensitivity to antimitotics."” Our data indicate
that sensitivity to anti-mitotics is coupled with cell cycle regula-
tion and in particular whether or not p63 is a component of the
mechanisms involved in driving Myc expression. They are con-
sistent with previous work by others indicating that Myc plays a

central role in coordinating proliferation and apoptosis.>*"%
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In the course of characterizing p63 expression patterns in
our cell lines, we noted that there was a very close correlation
between expression of p63 and molecular markers of the “epi-
thelial” cellular phenotype, most notably P- and E-cadherin
(Fig. 2A).>* Subsequently we discovered that p63 stimu-
lates the expression of mir205 by interacting directly with an
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Figure 3. Effect of p63 knockdown on drug sensitivity in UC14 cells. (A) Parental UC14 cells, as well as cells transfected with non-targeting and p63
shRNA constructs were exposed to 10 nM AZD4877 for 24 h and apoptosis was measured by propidium iodide staining and FACS analysis. (B) Cells
were transfected with non-targeting or ANp63-specific siRNAs, and the effects of AZD4877 on PARP cleavage were measured by immunoblotting.
Blots were then stripped and reprobed with anti-p63 (4A4) to confirm p63 knockdown and subsequently with anti-tubulin to confirm equal loading.
(C) Parental UC14 cells, as well as cells transfected with non-targeting and p63 shRNA constructs were exposed to 10 ng/ml docetaxel for 24 h and
apoptosis was measured by propidium iodide staining and FACS analysis (n = 3). (D) Cells were exposed to 1 w.M gemcitabine or 10 uM cisplatin as
single agents or in combination for 48 h, and apoptosis was measured by propidium iodide staining and FACS analysis (n = 3).

enhancer element upstream of its transcriptional start site (M.
Tran et al., manuscript in preparation). miR205 plays a well-
established role in blocking EMT by directly binding to the
transcripts encoding the EMT inducers, Zeb-1 and Zeb-2.
Epithelial-to-mesenchymal transition (EMT) has been impli-
cated in drug resistance," so we consider it likely that the effects
of p63 in promoting sensitivity to chemotherapy are also linked
to its effects on EMT.

While we still have an imperfect understanding of p63’s role
in promoting bladder cancer progression, studies have reported
that p63 is consistently expressed in superficial bladder tumors
but is downregulated in muscle-invasive cancers.*>**%? Superficial
disease rarely leads to cancer-related death,” so when superficial
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and muscle-invasive bladder cancers are considered together, p63
expression is associated with good clinical outcomes. However,
recent research indicates that patients with ANp63-positive mus-
cle-invasive tumors have a worse prognosis than do patients with
muscle invasive tumors lacking ANp63 expression.””?* Thus,
ANp63 expression appears to have very different effects in super-
ficial and muscle-invasive bladder cancers. Importantly, these
are probably influenced by the functional status of p53, which is
mutated in muscle-invasive but not superficial tumors.”***® Our
findings, which implicate p63 as a determinant of antimitotic
response, indicate that it is potentially patients with the lethal,
ANp63-positive muscle invasive tumors who would most benefit
from treatment with antimitotic chemotherapy.
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Materials and Methods

Cell culture and reagents. RT4, 253]-P and T24 were
purchased from American Type Culture Collection.
253] B-V cells were generated by orthotopic recycling
of 253]-P cells, as described previously in reference 49.
RT4V1 and RT4V6 cell lines were generated by Ashish
Kamat (Department of Urology, University of Texas MD
Anderson Cancer Center) by in vivo recycling of RT4
cells.”® All other cell lines were provided by H. Barton
Grossman (Department of Urology, University of Texas
MD Anderson Cancer Center). Cells were maintained
in MEM (Life Technologies, Inc.) supplemented with
10% fetal bovine serum and 1% each of MEM vita-
min solution (Life Technologies, Inc.), sodium pyruvate
(BioWhitaker), L-glutamine (BioWhitaker), L-glutamine,
penicillin/streptomycin solution and nonessential amino
acids (Life Technologies, Inc.) in a 5% CO, incubator.
The identities of all cell lines were confirmed by STR
DNA fingerprinting analysis.

AZD4877 was provided by AstraZeneca. Docetaxel,
gemcitabine hydrochloride (Gemzar; Eli Lilly and
Company), and cisplatin were purchased from the
University of Texas MD Anderson Cancer Center
pharmacy. Antibodies used were the TP63 monoclonal
antibody 4A4 (Santa Cruz), rabbit anti-human actin
(Sigma) and horseradish peroxidase-conjugated sheep
anti-mouse or donkey anti-rabbit secondary antibod-
ies (Amersham Biosceinces). Small interfering RNA
Smartpoools for c-myc as well as a nonspecific control
were purchased from Dharmacon. The ANp63 specific
siRNA (5'-ACA AUG CCC AGA CUC AAU U-3') was
designed based on a previous publication in reference 51,
and was synthesized by Dhramacon. The non-targeting
siRNA is from Dhramacon (D-00180-10-20). Primers
for PPIA, c-myc and TP63 were purchased from Applied
Biosystems.

Propidium iodide-fluorescence-activated cell sort-
ing analysis (PI-FACS). Cells were seeded in 6-well
plates in 10% MEM and were allowed to reach 70%
confluence. Cells were then exposed to AZD4877,
docetaxel, gemcitabine, cisplatin, or a combination of
gemcitabine plus cisplatin for 24 and 48 h. After being
washed with phosphate-buffered saline (PBS), cells were
harvested by trypsinization and centrifugation. The pel-
lets were then resuspended in PBS containing 50 mg/ml
propidium iodine, 0.1% Triton X-100 and 0.1% sodium
citrate. Samples were stored at 4°C for 1 h and then
analyzed. PI fluorescence was measured by fluorescence-
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Figure 4. Effect of p63 knockdown on proliferation and c-myc expression.
Parental UC14 cells, as well as cells stably transduced with non-targeting and
p63 specific shRNAs, were grown in 6-well plates and quantified by trypan blue
exclusion at 24, 48 and 72 h time points (A; n = 3). Real-time RT-PCR (B) and west-
ern blotting (C) were then used to confirm p63 silencing and to measure Myc
expression in the 3 UC14 variants. Myc expression was quantified by densitom-
etry as a ratio to actin expression using ImageJ.

activated cell sorting (FACS) analysis (Beckman-Coulter, FL3
channel). Cells containing hypodiploid DNA were recorded as
apoptotic.

Immunoblot analyses. Cells were scraped from 10 cm tissue
culture plates in the presence of lysis buffer [1% Triton X-100,
150 mmol/L NaCl, 25 mmol/L Tris, 1 mmol/L glycerol phos-
phate, 1 mmol/L sodium orthovanadate, 1 mmol/L sodium

www.landesbioscience.com

fluoride and protease inhibitor cocktail (Sigma)] and were rotated
for 1 hat4°C. The lysates were then centrifuged for 20 min at 4°C
and resolved on 10% SDS-PAGE gels. Polypeptides were trans-
ferred to nitrocellulose membranes. Membranes were blocked in
5% nonfat milk in TBS containing 0.1% Tween 20 for 1 h at
room temperature, incubated overnight with relevant antibodies,
washed, probed with species specific secondary antibodies and
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Figure 6. Effect of c-myc silencing on sensitivity to AZD4877 or docetaxel in UC14 cells. Parental UC14 cells, as well as cells transfected with non-
targeting or c-myc-specific siRNAs, were exposed to 10 nM AZD4877 for 24 h (A) or to 10 ng/ml docetaxel (B) for 24 h. Additionally, cells were exposed
to gemcitabine (1 M), cisplatin (10 M) or a combination of the two drugs for 48 h (C). Propidium iodide staining and FACS analysis were used to
measure apoptosis. Confirmation of c-myc silencing for all experiments is shown in (D) (n = 3).

detected by chemiluminescence (Perkin-Elmer Life Sciences). RNA isolation, microarray platform and microarray experi-
Image] analysis was used to measure densitometry relative to  ments. All transcriptome data were generated from duplicates of
actin. the cell lines. Cells were plated and total RNA was isolated using
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the mirVana miRNA Isolation Kit (Ambion Inc.). Biotin labeled
cRNA was prepared from RNA isolates using the Illumina RNA
amplification kit (Ambion, Inc.). Purified cRNA was fragmented
and hybridized to Illumina Human-6 v 2 (Illumina, Inc.,) chips.
The chips were washed and then scanned with Bead station 500x
(Illumina, Inc.). Signal intensities were quantified with Bead stu-
dio (Illumina, Inc.), and data was normalized using quartile nor-
malization. BRB ArrayTools version 3.6 developed by National
Cancer Institute’ was used to analyze the data, as described pre-
viously in reference 53.

Real-time PCR analysis. For RNA extraction, cells were
allowed to reach 70% confluence and the medium was removed.
RNA was isolated using the mirVana miRNA Isolation Kit
(Ambion, Inc.) according to the manufacturer’s protocol. Real-
time PCR technology (Step One; Applied Biosystems) was used
in conjunction with Assays-on-Demand (Applied Biosystems).
The comparative CT method was used to determine relative gene
expression levels for each target gene. Cyclophilin A served as an
internal control to normalize for the amount of amplifiable RNA
in each reaction.

Silencing by siRNA and shRNA. siRNAs were transfected
into cells using Lipofectamin RNAIMAX (Invitrogen, 13778-
075) following the Forward Transfection method in the reagent
guidelines. Cells were incubated in the transfection reagent at
37°C in a humidified incubator with 5% CO, for 24 h, cells
were incubated with or without drugs for various periods of time,
and then they were harvested for analysis of mRNA expression

(assayed via real-time RT-PCR), apoptosis or protein expression
(by immunoblotting). The pan p63 targeting lentiviral shRNA
construct (Open Biosystems, V3LHS_397885) and pGIPZ len-
tiviral empty vector (Open Biosystems, RHS4339) were trans-
fected into 293T cells in order to generate lentivirus. UC14 cells
were plated on a 6-well plate (12 x 107 cells/well), and medium
containing lentiviral particles was added after 24 h. Cells were
incubated with lentivirus for 16 h, and were then washed and
cultured in fresh medium. Fluorescence-activated cell sorting
(FACS) was performed after 4-5 d to isolate GFP positive cells,
and these cells were then cultured in medium containing puro-
mycin (4 mg/ml).

Cell proliferation. Cells were seeded in duplicate in 6-well
plates at a density of 2 x 10> cells per well. At 24, 48 and 72 h
after plating cells were harvested by trypsinization and quantified
using trypan blue exclusion.

Note

While this manuscript was under review, a paper describing a
link between p63 and Myc in normal keratinocytes was accepted
for publication in the Journal of Biological Chemistry (Wu N.,
Rollin J., Masse I., Lamartine J. and Gidrol, X. p63 regulates
human kratinocyte proliferation via a MYC-regulated gene net-
work and differentiation through a cell adhesion-related gene
network. ] Biol Chem 2012; 287:5627-38).
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