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Global tumor protein p53/p63 interactome
Making a case for cisplatin chemoresistance
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Cisplatin chemoresistance is a clinical problem that leads to treatment failure in various human epithelial cancers.
Members of tumor protein (TP) p53 family play various critical roles in the multiple molecular mechanisms underlying
the chemoresistance of tumor cells. However, the in-depth mechanisms of the cellular response to cisplatin-induced cell
death are still under thorough investigation. We previously showed that squamous cell carcinoma (SCC) cells exposed to
cisplatin display an ATM-dependent phosphorylation of ΔNp63α, leading to a specific function of the phosphorylated
(p)-ΔNp63α transcription factor in cisplatin-sensitive tumor cells. We further found that SCC cells expressing non-pΔNp63α-S385G became cisplatin-resistant. Using quantitative mass spectrometry of protein complexes labeled with
isobaric tags, we showed that Tp53 and ΔNp63α are involved in numerous protein-protein interactions, which are likely
to be implicated in the response of tumor cells to cisplatin exposure. We found that p-ΔNp63α binds to the splicing
complex, leading to repression of mRNA splicing and activation of ACIN1-mediated cell death pathway. In contrast to
p-ΔNp63α, non-p-ΔNp63α fails to bind the critical members of the splicing complex, thereby leading to activation of
RNA splicing and reduction of cell death pathway. Overall, our studies provide an integrated proteomic platform in
making a case for the role of the p53/p63 interactome in cisplatin chemoresistance.
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Introduction
Cisplatin is the most favorable chemotherapeutic agent for treating human cancers, because it induces apoptosis of tumor cells.1
However, some of the tumor cells became cisplatin-resistant during the course of chemotherapy.1-3 After cisplatin exposure, cells
are often undergoing DNA damage leading to an accumulation of
activated members of the tumor protein (TP) p53 family, which,
in turn, alter the expression of a large set of the downstream target genes leading to cell cycle arrest, apoptosis, autophagy, cellular senescence and increased DNA repair.4,5 We previously found
that squamous cell carcinoma (SCC) cells exposed to cisplatin
displayed the ATM-dependent phosphorylation of wild type
(wt)-ΔNp63α generating phosphorylated (p)-ΔNp63α, which is
critical for the transcriptional regulation of downstream mRNAs

and microRNAs and is likely to underlie the chemosensitivity
of SCC cells.6,7 However, SCC cells expressing non-p-ΔNp63αS385G became cisplatin resistant.7 Understanding the multiple mechanisms by which (p)-ΔNp63α along with its protein
interactors modulates the response of SCC cells to cisplatin will
provide us with a crucial information about a role for the ATMdependent ΔNp63α pathway in the resistance of tumor cells to
platinum therapy.
The quest for novel TP63-interacting proteins is always
our research priority, since it allows us to further define the
critical role of TP63 in cancer, cell proliferation or apoptosis. Modern technologies emerging recently provide us with
new opportunities, as well as challenges. So far only Tp53 and
TP73-interacting proteins were systematically analyzed and
cataloged.8,9 However, the global analysis of TP63 interactome
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machinery and IKKB.12-18 Using high-throughput affinity pulldowns followed by mass spectrometry (MS), Viola Calabro’s
research team has elegantly showed a few novel ΔNp63interacting proteins involved in RNA processing and splicing
among other 49 interacting candidates in human lung cancer
cells.19
Although both Tp53 and ΔNp63α are involved in multiple
protein-protein interactions, none of the studies were designed
to quantify the changes in TP53/ΔNp63α interactome upon
cisplatin exposure. The yeast two-hybrid screens and affinity
pull-downs followed by MS do not allow such quantification.
Furthermore, none of the prior studies explored the role for phosphorylation of ΔNp63α in the specific TP53- and ΔNp63αprotein interactions or examined the drug-mediated changes in
the TP53-/ΔNp63α-mediated protein interactions.
We attempted to fill this gap and to study the global TP53/
TP63 interactome using a protein array chip analysis.20 We
assessed changes in TP53 and ΔNp63α protein-protein interactions affected by cisplatin exposure of sensitive and resistant
SCC cells using the “isobaric tags for relative and absolute
quantification” (iTRAQ) method.21 This is the first systematic
study to identify and quantify differential interactions of TP53,
p-ΔNp63α and non-p-ΔNp63α in SCC cells. Potential outcome
of the follow-up studies could generate novel knowledge about
the roles of Tp53 and TP63 protein interactions in SCC’s biological functions and are to likely furnish new targets implicated in
tumor cell viability and chemoresistance.

© 2012 Landes Bioscience.
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Figure 1. Bioinformatics of Tp53- and TP63-interacting proteins. (A) Using the GO software the TP53/TP63-interacting partners defined by
protein array chip were organized as TP53-specific, TP53/TP63 common
and TP63-specific protein interactors. Venn diagram depicts a number
of proteins bound to TP53, TP63 or both. (B) TP53-specific, TP53/TP63
common and TP63-specific interacting proteins were divided into eight
categories representing the following functions: (1) cell death/survival;
(2) DNA damage/signaling; (3) chromatin remodeling/gene regulation;
(4) RNA processing; (5) protein trafficking/degradation; (6) oncogenes;
(7) other and (8) epithelial differentiation.

is still underway. Although Tp53 family proteins (TP53, TP63
and TP73) may share many of their interactors, both TP63 and
TP73 could display similar or different effects. While TP53,
TP63 and TP73 were asserted forming homodimers, TP63
isoforms were found to interact with Tp53 using their mutual
DNA binding domains.8,10 A few proteins were reported to
bind the TP63 DNA binding domain or C terminus of the
longest TP63 isotype (p63α) using two-hybrid system and
immunoprecipitation.10-15
A few studies of ΔNp63α protein interactors have been
reported, beginning with the first report of a Tp53 protein interacting with ΔNp63α identified by our group.10 Other ΔNp63α
protein interactors include members of the Wnt-signaling pathway, various transcription factors, the RNA processing complex, proteasome-dependent protein machinery and degradation
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Results

Identification of global Tp53- and TP63-interacting proteins
by protein microarray chip. To identify the global Tp53 and
TP63 interacting partners, we used the protein binding microarray approach, allowing the high-throughput screening of the protein interacting candidates among the 16,368 individual human
GST-His6 -tagged proteins spotted on the chip.20,22-24 We used
25 μg of recombinant glutathione-S-transferase (GST)-Tp53
(1–393 amino acid residues) and GST-TP63 (1–680 amino acid
residues) fusions purified from the baculovirus-infected Sf9
insect cells and labeled with Alexa-Flour-647. After each screen
that was performed at the stringent conditions in the presence
of 5–10 mM DTT, the fluorescence intensity of the spots was
normalized against background, and the reproducibility of the
duplicate spots was assessed. Signals less than 10% of the maximal signal were considered as background noise. The distribution of the fluorescence intensity, which reflected the binding
of the bait protein with chip-embedded preys, was plotted (data
not shown) to determine if the signals in the peak of the curve
were essentially selected and were found suitable for subsequent
bioinformatics analysis. Resulting fluorescence intensity for the
Tp53 chip array analysis ranged from 13,301 to 1,300, while the
intensity for the TP63 chip array analysis ranged from 24,113 to
2,400 (data not shown).
We found that Tp53 bound to 383 individual proteins
(Tables S1 and S3), while TP63 bound to 301 proteins
(Tables S2 and S3). All potential Tp53- and TP63-interacting
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partners were organized into the following groups: TP53specific, TP63‑specific and TP53/TP63 common protein interactors (Tables S1–S3, respectively). A Venn diagram (Fig. 1A)
depicts the number of proteins exclusively bound to Tp53 (226),
or to TP63 (144) or both (157). Based on potential functions
defined by the Gene Ontology (GO) software, TP53-specific,
TP63-specific and TP53/TP63 common interacting proteins
fall into the eight following categories: (1) cell death/survival;
(2) DNA damage/signaling; (3) chromatin remodeling/gene
regulation; (4) RNA processing; (5) protein trafficking/degradation; (6) oncogenes; (7) other and (8) epithelial differentiation (Fig. 1B). TP53-specific interacting proteins were associated
with cell death/survival, DNA damage/signaling, chromatin
remodeling/gene regulation, protein trafficking/degradation,
oncogenes and other (Fig. 1B, upper part). We categorized the
TP63-specific interactors as implicated in cell death/survival,
chromatin remodeling/gene regulation, RNA processing, protein trafficking/degradation, other and epithelial differentiation
(Fig. 1B, middle part). However, TP53/TP63 common interactors were associated with cell death/survival, DNA damage/signaling, chromatin remodeling/gene regulation, RNA processing,
protein trafficking/degradation, oncogenes and other (Fig. 1B,
lower part).
Using Ingenuity Pathway Analysis (IPA) software, we further examined the role for the global Tp53 and TP63 protein
interactors in cellular functions, pathways and networks. Among
other functions, both Tp53 and TP63 were found to be involved
in the following critical cellular functions: gene expression, cell
cycle, cell death, cell growth/proliferation, cellular development,
DNA replication, recombination and repair, cancer, developmental/dermatological disorders, embryonic development, posttranslational modifications and cellular response to therapeutics
(Fig. S1, upper part). Both Tp53 and TP63 were further found to
be involved in key signaling pathways: Tp53 signaling, cell cycle
regulation, molecular mechanisms of cancer, G1/S checkpoint
regulation, ATM signaling, G2 /M checkpoint regulation, CHK
signaling, epigenetic regulation, PI3K/AKT signaling, apoptosis
signaling, NFκB signaling and mTOR signaling (Fig. S1, lower
part). Various networks were found to involve TP53, TP63 or
both: cell cycle/cell death; DNA replication/recombination/
repair/cell cycle; gene expression; epigenetic regulation and RNA
post-transcriptional regulation and modification, as depicted by
the STRING 9.0 protein interaction database (Fig. S2).
Quantitative assessment of Tp53 and ΔNp63α protein interacting candidates by iTRAQ. We further examined the quantitative changes in the Tp53 and ΔNp63α-interactome in SCC
cells under native conditions using the iTRAQ technology.25-29
TP53- and ΔNp63α-specific protein complexes were purified by
the Interplay N-terminal tandem affinity purification (NTAP)
system. The wt-ΔNp63α, ΔNp63α-S385G and Tp53 cDNA
sequences were fused to the N-terminal calmodulin (CaBP)
and streptavidin (SBP) double tags. The NTAP-ΔNp63α and
NTAP-Tp53 constructs were introduced into wt-ΔNp63α cells,
while the NTAP-ΔNp63α-S385G and NTAP-Tp53 constructs
were transfected in ΔNp63α-S385G cells along with an empty
vector. Resulting cells were next exposed to 10 μg/ml of cisplatin
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Figure 2. Bioinformatics of Tp53- and ΔNp63α-interacting proteins.
(A) Using the GO software, the TP53-IP/ΔNp63α-IP-interacting partners
defined by iTRAQ were organized as TP53-IP-specific, ΔNp63α-IPspecific and TP53-IP/ΔNp63α-IP common protein interactors. Venn
diagram depicts a number of proteins bound to TP53, ΔNp63α or both.
S, sensitive cells; R, resistant cells. (B) TP53-specific and ΔNp63α-specific
interacting proteins were divided into seven categories representing
the following functions: (1) cell death/survival; (2) DNA damage/signaling; (3) chromatin remodeling/gene regulation; (4) RNA processing; (5)
protein trafficking/degradation; (6) oncogenes and (7) other.

for 16 h. NTAP proteins were purified from total lysates, stained
with silver and blotted with antibodies to ΔNp63, to p-ΔNp63
and to TP53. We found that both endogenous and exogenous
ΔNp63α-wt was recognized by anti-p-ΔNp63α antibody, while
endogenous and exogenous ΔNp63α-S385G was not recognized
by this antibody (data not shown).
We have first assessed what proteins interact with Tp53 or
ΔNp63α in SCC cells transfected with the NTAP-Tp53 or
NTAP-ΔNp63α expression constructs but exposed to control
medium only. NTAP precipitates containing Tp53 or ΔNp63α
and their respective interacting proteins were eluted from the
TAP resins (first from SBP-resin and then from CaBP-resin).
TP53- and ΔNp63α-specific precipitates digested with trypsin
were subjected to subsequent iTRAQ labeling followed by liquid
chromatography and tandem mass spectrometry (LS-MS/MS)
protein identification analysis.26,28,29 After removing the proteins that failed to score above background (of note, the iTRAQ
ratios were normalized by total protein and only proteins identified with median ratios > 1.2 or < 0.8 were considered), we
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identified 444 total NTAP-TP53 and 310 total NTAP-ΔNp63α
interactors (data not shown). The majority of the significantly
enriched proteins appeared to be involved in RNA transcription (DDIT3, Tp53 and TP63), processing (SF3A2, SAP18
and HNRNPAB) and chromatin remodeling (EZH2, KAT5
and HDAC6) as shown on a “Volcano” plot (Fig. S3, upper
left and right quarters). We observed that there is a fair correlation (~35–40%) between protein interactors obtained by protein array chip analysis (383 for Tp53 and 301 for TP63) and
iTRAQ analysis (444 for TP53, 310 for ΔNp63α), which could
be potentially explained by the nature of the endogenous protein
interactions (e.g., direct vs. indirect, need for posttranslational
modifications, association with cellular compartments, low protein abundance).
We next used total lysates from wt-ΔNp63α cells expressing
NTAP-ΔNp63α and NTAP-Tp53 as well as from ΔNp63α-S385G
cells expressing NTAP-ΔNp63α-S385G and NTAP-TP53. All
resulting cell lines were exposed to control media (two samples)
and 10 μg/ml of cisplatin (four samples) for 16 h. We quantitatively compared the TP53- or ΔNp63α-protein complexes in
wt-ΔNp63α cells or ΔNp63α-S385G cells exposed to control
medium or cisplatin. Since cisplatin was shown to induce the
ATM-dependent phosphorylation of ΔNp63α,6 the ΔNp63α
complexes in wt-ΔNp63α cells essentially contained p-ΔNp63α,
while ΔNp63α-S385G cell-protein complexes contained non-pΔNp63α. NTAP protein complexes were precipitated, and the
trypsin-digested peptides of the sample were labeled with isobaric
tags 113 and 114 (for samples obtained from cells exposed to control media) and 115–118 (for samples obtained from cells exposed
to cisplatin).
We finally identified ~197 proteins in sensitive wt-ΔNp63α
cells and 169 in resistant ΔNp63α-S385G cells whose interactions to Tp53 or ΔNp63α were enriched or depleted upon cisplatin exposure (shown by two or more unique MS/MS spectra). The
iTRAQ ratios ranged from 0.206 (depleted) to 4.139 (enriched)
for Tp53 and 0.129 (depleted) to 3.286 (enriched) for ΔNp63α
(Tables S4–S7). We observed that Tp53 displayed 83 enriched
interactions and 43 depleted interactions in sensitive wt-ΔNp63α
cells upon cisplatin exposure (Table S4). However, in resistant
ΔNp63α-S385G cells, Tp53 displayed 69 enriched interactions
but only 50 depleted interactions (Table S5). Since, ΔNp63α in
sensitive wt-ΔNp63α cells is, in fact, p-ΔNp63α, the enriched
interactions of the latter were associated with 48 proteins, while
depleted interactions were associated with 41 proteins. On the
other hand, non-p-ΔNp63α in resistant ΔNp63α-S385G cells
displayed 33 enriched interactions and 37 depleted interactions
(Tables S4 and S7).
After GO analysis, interacting candidates were divided into
the following groups: TP53-specific (108 from sensitive cells,
99 from resistant cells), ΔNp63α-specific (71 from sensitive
cells, 50 from resistant cells) and TP53/ΔNp63α common proteins (18 from sensitive cells, 20 from resistant cells) as shown
(Fig. 2A). Furthermore, TP53-interacting proteins were categorized in the following functions: cell death/survival, DNA
damage/signaling, chromatin remodeling/gene regulation, protein trafficking/degradation and other (Fig. 2B, upper part),

whereas ΔNp63α interactors were categorized in the following
functions: cell death/survival, DNA damage/signaling, chromatin remodeling/gene regulation, RNA processing and protein trafficking/degradation (Fig. 2B, lower part).
Using the IPA program, we further evaluated a potential biological relevance of differential interactors and categorized them
as cellular functions and pathways (Figs. S4 and S5). We found
that both TP53- and p-ΔNp63α-protein interactions in sensitive
wt-ΔNp63α cells exposed to cisplatin were enriched in proteins
more related to cell death (with fewer related to cell survival).
Whereas TP53- and especially non-p-ΔNp63α-protein complexes in resistant ΔNp63α-S385G cells exposed to cisplatin
were enriched in proteins more related to cell survival (with fewer
related to cell death). We also found that protein complexes for
Tp53 and ΔNp63α were enriched in proteins related to chromatin remodeling and modifications, RNA transcription and RNA
processing and proteasome-degradation machinery. Intriguingly,
while most of the protein interactions involving p-ΔNp63α (sensitive cells) and non-p-ΔNp63α (resistant cells) were found to
be common, some interactions were enriched with p-ΔNp63α
and diminished with non-p-ΔNp63α (e.g., SAP18, E2F1,
SRSF2, ACIN1, NF-YB, HDAC6, SIN3A, DDIT3 and SF3A2)
and some displayed an opposite tendency (e.g., HDAC1 and -2,
SIRT1, SREBF1, NAC1, CITED, HMGB1 and BECN1), as
shown in Tables S4 and S7. Both Tp53 and ΔNp63α shared several protein interactions that are common between these baits
(Table 1). We therefore selected a few of these examples (ACIN1,
SAP18 and HDAC6) to further pursue the investigation of the
TP53/ΔNp63α protein interactions as potential mechanisms for
cisplatin chemoresistance.
P-ΔNp63α and non-p-ΔNp63α play opposing roles in regulation of RNA splicing and cell death response of SCC cells to
cisplatin. Accumulating evidence has strengthened the potential
connection between RNA processing and cell death processes
implicated in cell response to chemotherapy. Recent reports show
that numerous apoptotic factors are regulated through an alternative splicing mechanism, resulting in production of discrete
isoforms with distinct, if not antagonistic, functions (e.g., FAS,
TRAF, APAF1, SMAC/Diablo, BCL-x, BAK, BAD, BIM,
CASP2, -9 and -10, ICAD, ACIN1, TP53, TP63 and TP73, as
reviewed in ref. 30).
Regulation of splicing can be achieved by reversible phosphorylation of the serine (S)/arginine (R) splicing regulatory
(SR) proteins and ACIN1 by SR protein kinases (SRPK), which
was shown to be altered during apoptosis, potentially leading to
reorganization of the spliceosome.31,32 Although, the nuclear protein ACIN1 is known to function in DNA fragmentation and
is activated during apoptosis by CASP3, it plays an active role
in spliceosome assembly, as it is a critical subunit of an apoptosis and splicing-associated protein (ASAP) complex that consists of SAP18 and the splicing activator RNPS1 (as reviewed in
refs. 33 and 34). ASAP complex formation was shown to represses
the RNA processing mediated by SRSF1 and -2, or by RNPS1;
however, ASAP microinjection into mammalian cells resulted in
acceleration of cell death.33 Splicing regulatory proteins, SRSF1
and -2, and RBM5 were shown to promote exon 9 skipping
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Table 1. Overlapping cisplatin (CIS)-induced TP53- and ΔNp63- protein interactions in sensitive/resistant cells
CIS-sensitive SCC cells

CIS-resistant SCC cells

TP53-IP

ΔNp63-IP

TP53-IP

ΔNp63-IP

Protein Name

Average ratio ± SD, p-value

Average ratio ± SD, p-value

Average ratio ± SD, p-value

Average ratio ± SD, p-value

STK11

2.127 + 0.294, p = 0.0125

1.252 + 0.301, p = 0.0116

0.666 + 0.107, p = 0.0198

1.599 + 0.167, p = 0.0171

ASPP1

1.925 + 0.281, p = 0.0121

0.427 + 0.071, p = 0.0102

0.791 + 0.115, p = 0.0218

1.643 + 0.181, p = 0.0154

E2F1

1.846 + 0.217, p = 0.0104

1.991 + 0.212, p = 0.0209

1.851 + 0.233, p = 0.0178

0.531 + 0.067, p = 0.0245

HMGB1

1.824 + 0.196, p = 0.0115

0.725 + 0.109, p = 0.0131

1.817 + 0.221, p = 0.0207

1.766 + 0.187, p = 0.0261

KAT2B

1.789 + 0.156, p = 0.0107

0.792 + 0.131, p = 0.0237

1.767 + 0.108, p = 0.0151

1.721 + 0.178, p = 0.0334

RPTOR

1.702 + 0.198, p = 0.0104

0.782 + 0.125, p = 0.0125

0.709 + 0.111, p = 0.0143

1.747 + 0.193, p = 0.0296

ATF3

1.492 + 0.151, p = 0.0127

0.723 + 0.106, p = 0.0201

1.475 + 0.182, p = 0.0249

0.513 + 0.065, p = 0.0301

LATS2

1.316 + 0.159, p = 0.0108

0.756 + 0.113, p = 0.0155

0.633 + 0.091, p = 0.0161

1.864 + 0.198, p = 0.0223

BECN1

1.236 + 0.141, p = 0.0112

0.685 + 0.094, p = 0.0119

0.531 + 0.066, p = 0.0154

1.720 + 0.179, p = 0.0187

CTBP1

0.781 + 0.101, p = 0.0215

0.725 + 0.119, p = 0.0142

0.476 + 0.058, p = 0.0309

1.257 + 0.138, p = 0.0293

TOP2A

0.741 + 0.098, p = 0.0111

0.733 + 0.103, p = 0.0241

0.737 + 0.097, p = 0.0246

0.721 + 0.089, p = 0.0256

NFKB1

0.718 + 0.101, p = 0.0141

2.302 + 0.301, p = 0.0148

0.721 + 0.079, p = 0.0258

1.497 + 0.159, p = 0.0312

NAC1

0.717 + 0.097, p = 0.0137

0.726 + 0.118, p = 0.0134

0.468 + 0.054, p = 0.0171

1.393 + 0.143, p = 0.0194

PERP

0.678 + 0.079, p = 0.0101

0.717 + 0.103, p = 0.0206

0.511 + 0.068, p = 0.0295

1.381 + 0.146, p = 0.0206

IKKB

0.657 + 0.077, p = 0.0093

0.722 + 0.094, p = 0.0143

0.651 + 0.079, p = 0.0284

1.523 + 0.167, p = 0.0319
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0.446 + 0.056, p = 0.0118

0.758 + 0.102, p = 0.0159

0.346 + 0.041, p = 0.0257

2.135 + 0.236, p = 0.0287

ACIN1

0.221 + 0.027, p = 0.0151

1.691 + 0.201, p = 0.0134

0.272 + 0.039, p = 0.0144

0.221 + 0.029, p = 0.0167

SQSTM1

0.206 + 0.025, p = 0.0129

1.231 + 0.143, p = 0.0217

0.226 + 0.027, p = 0.0293

1.239 + 0.145, p = 0.0216

SAP18

N/A

3.179 + 0.344, p = 0.0161

2.449 + 0.318, p = 0.0141

0.242 + 0.041, p = 0.0179

1.262 + 0.132, p = 0.0117

2.913 + 0.351, p = 0.0092

0.129 + 0.029, p = 0.0191

N/A

0.272 + 0.044, p = 0.0188

N/A

Do not distribute.

HDAC6

N/A

KAT5

1.713 + 0.199, p = 0.0104

Data from two control and four cisplatin-independent biological experiments were statistically analyzed. p-values were calculated using an unpaired
two-tailed t-test. p-values of < 0.05 were considered to be statistically significant for all analyses. N/A, non-applicable.

in Casp2, causing an increase of proapoptotic CASP2L, while
HNRNPA1 reduced exon 9 skipping, leading to an increase of
anti-apoptotic CASP2S (reviewed in refs. 35 and 36).
We previously found that the wt-ΔNp63α protein is tightly
implicated in the RNA processing mechanism by binding to
HNRNPAB and SCAF4, while naturally derived mutations in
the p63α C-terminal region associated with ectodermal dysplasia dramatically abolished this interaction.13,37 We, thus, further
examined the role for p-ΔNp63α or non-p-ΔNp63α in proteinprotein interactions involved in RNA splicing, which were modulated by exposure of SCC cells to cisplatin.
We obtained nuclear lysates from sensitive wt-ΔNp63α cells
or resistant ΔNp63α-S385G cells exposed to cisplatin treatment
leading to phosphorylation of the former (p-ΔNp63α), while the
latter remained unchanged (non-p-ΔNp63α). We show here that
the cisplatin exposure induced the ΔNp63α (notably p-ΔNp63α)
protein complexes with SAP18, SF3A2, SRSF2, SRPK2, HDAC6
and ACIN1 in sensitive cells (Fig. 3, left parts), while no interaction of non-p-ΔNp63α was shown with SAP18, SRSF2, SRPK2
or ACIN1, and levels of protein interaction with SF3A2 dramatically decreased in resistant cells upon cisplatin exposure (Fig. 3,
right parts). Additionally, we found that p-ΔNp63α associated
with proteins that regulate mRNA stability, including ELAVL1
and RBM38 (Fig. 3, left parts), while non-p-ΔNp63α failed to
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bind both ELAVL1 and RBM38 (Fig. 3, right parts). We also
observed that cisplatin exposure did not change the level of
interaction between p-ΔNp63α and RNPS1 (Fig. 3, left parts),
while it dramatically reduced the binding of non-p-ΔNp63α to
RNPS1 (Fig. 3, right parts). No interaction with SRPK1 was
found in either of the experimental conditions (Fig. 3).
We further observed that the cisplatin treatment of sensitive wt-ΔNp63α cells led to the binding of SAP18 to ΔNp63α,
SRSF2, SRPK2, ACIN1, RNPS1 (Fig. 4, left parts), while in
resistant SCC cells, protein association of SAP18 was shown with
both HDAC6 and Tp53 (Fig. 4, right parts). SAP18 was shown
to form complexes with SF3A2 in both experimental conditions
(Fig. 4). We further found that HDAC6 bound to SF3A2, SRSF2
and slightly to SAP18 and ΔNp63α in sensitive wt-ΔNp63α
cells (Fig. 5A, left parts), while in resistant ΔNp63α-S385G
cells, HDAC6 formed a substantial amount of protein complexes
with both SAP18 and TP53, while the ability of HDAC6 to bind
SRSF2 was abolished (Fig. 5A, right parts). On the other hand,
Tp53 associated with KAT5 in sensitive wt-ΔNp63α cells but
did not bind to either HDAC6 or SAP18 (Fig. 5B, left parts).
Alternatively, Tp53 was found to associate with both HDAC6
and SAP18, while it failed to bind KAT5 in resistant ΔNp63αS385G cells (Fig. 5B, right parts).
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reduced that ratio in ΔNp63α-S385G cells (Fig. 6A, right part).
We also show that the cyclin A1 (CCNA1)/cyclin A2 (CCNA2)
ratio was decreased in wt-ΔNp63α cells after cisplatin treatment, while it was increased by S385G-FL expression (Fig. 6A,
left part), and was alternatively increased in ΔNp63α-S385G
cells after cisplatin treatment, while decreased by the WT-FL
expression (Fig. 6A, right part).
Since, ACIN1 was reported to regulate the fragmentation
of nuclear DNA,34 we evaluated the role of ΔNp63α-mediated
protein interaction with ASAP complex in SCC cells exposed to
cisplatin treatment. We show that the cisplatin exposure induced
DNA fragmentation in wt-ΔNp63α cells, and forced expression
of S385G-FL reduced that effect (Fig. 6B, left part); however, no
DNA fragmentation was found in ΔNp63α -S385G cells upon
cisplatin exposure unless the WT-FL expression construct was
added (Fig. 6B, right part).
With the aid of MTT cell viability assay, we show that
wt-ΔNp63α cells transfected with an empty vector substantially
decreased their survival, while the forced expression of S385G-FL
partially restored the cell viability under cisplatin treatment
(Fig. 7A, left part). However, ΔNp63α-S385G cells transfected
with an empty vector failed to be affected by cisplatin exposure,
while the forced expression of WT-FL dramatically decreased
the cell viability under cispaltin treatment (Fig. 7A, right part).
Using flow cytometry analysis, we further show that the cisplatin
exposure led to a marked increase in G1/S cell population and a
corresponding decrease of G2 /M cells at 48 h after transfection
of wt-ΔNp63α cells with an empty vector, while cells transfected
with the S385G-FL expression cassette show no significant change
compared with cells treated with control medium (Fig. 7B, left
part, samples 1–6). However, when ΔNp63α-S385G cells were
transfected with an empty vector, the cisplatin exposure minimally changed the G1/S and G2 /M cell populations compared
with cells treated with control media, while the forced expression
of the WT-FL cassette substantially increased G1/S cell population, as G2 /M cell population decreased (Fig. 7B, right part,
samples 7–12). These data suggest that p-ΔNp63α can activate
cell cycle arrest, while non-p-ΔNp63α could inhibit cell cycle
arrest under these experimental conditions.
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Figure 3. Complex formation between ΔNp63α and splicing protein complex in SCC cells upon cisplatin exposure. Wt-ΔNp63α cells
(left parts) and ΔNp63α-S385G cells (right parts) were exposed to
control medium (CIS, -) or 10 μg/ml cisplatin (CIS, +) for 16 h. Nuclear
lysates were immunoprecipitated (IP) with an anti-ΔNp63 antibody
and blotted with indicated antibodies. Inputs (10%) were tested with
anti-α-tubulin.

A recent report shows that splicing factors (e.g., Skiinteracting protein SKIP/SNW1, SRSF2) function as regulators
of transcription and splicing of CDKN1A.38,39 Moreover, SKIP
depletion induces a rapid downregulation of CDKN1A, thereby
predisposing cells to undergo p53-mediated apoptosis greatly
enhanced by chemotherapeutic agents.39 To further examine
the significance of the ΔNp63α in splicing/apoptosis regulation, we transfected wt-ΔNp63α cells with an empty vector or
ΔNp63α-S385G-FL expression cassette, while ΔNp63α-S385G
cells were transfected with an empty vector or ΔNp63α-FL.
Resulting cells were exposed to control media or 10 μg/ml cisplatin for 16 h. Using qPCR assay, we then tested the spliced
(SP) and unspliced (US) levels of CDKN1A pre-mRNA and
observed that the cisplatin exposure decreased the SP-RNA/
US-RNA ratio in wt-ΔNp63α cells (Fig. 6A and left part), while
this ratio increased in ΔNp63α-S385G cells (Fig. 6A, right
part). Interestingly, the forced expression of ΔNp63α-S385G-FL
(S385G-FL) dramatically induced the SP/US ratio for CDKN1A
pre-mRNA in wt-ΔNp63α cells (Fig. 6A, left part); however,
the forced expression of wt-ΔNp63α-FL (WT-FL) significantly
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Discussion
Emerging high-throughput global protein interactions approaches
(e.g., two-hybrid screens, protein arrays and mass spectrometry
analysis) provide tools to identify numerous novel pathways/
networks, leading to a better understanding of the systemic
responses of cells to various stresses including new target chemoand bio-therapies.40-44 Accumulating data suggests that there are
multiple mechanisms that underlie the tumor cell response to
cancer therapy and are implicated in chemoresistance.41-48 Among
these molecular mechanisms, the regulation of RNA processing,
stands out as an important mechanism that plays a key role in
drug resistance.49-53 The Tp53 homolog ΔNp63α, as a member of
the RNA transcription and splicing regulatory machinery, could
contribute to cisplatin resistance via its interaction with the splicing regulatory factors.13,37
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We previously found that wt-ΔNp63α cells exposed to cisplatin treatment displayed the ATM-dependent phosphorylation
of ΔNp63α, rendering cells sensitive to cisplatin-induced cell
death. At the same time, ΔNp63α-S385G cells failed to induce
the cisplatin-mediated phosphorylation of ΔNp63α-S385G and
render cells resistant to cisplatin exposure.7,54 Both p-ΔNp63α
and non-p-ΔNp63α were shown to induce and downregulate a
plethora of genes expressing mRNA and miRNA implicated in
various pathways, ultimately leading to tumor cell death or cell
survival.7,48,54 As a continuation of our previous work, we further
studied the role of protein interactions involving p-ΔNp63α and
non-p-ΔNp63α proteins along with TP53-protein interactions in
the SCC response to cisplatin resistance. Using a protein interaction chip approach, we first established the global Tp53 and
TP63 interaction network comprising of 383 and 301 proteins,
respectively. Using a combination of tandem affinity purification
tagging and iTRAQ analysis, we further found that Tp53 and
ΔNp63α interactomes include 444 and 310 proteins, respectively.
We then explored the effect of cisplatin exposure on the differential protein-protein interactions of TP53, p-ΔNp63α and non-pΔNp63α in SCC cells. Altogether, our data shows that a number
of proteins implicated in cell death/survival, DNA damage/signaling, chromatin remodeling/gene regulation, protein trafficking/degradation and RNA processing are potentially involved in
SCC response to cisplatin treatment.
At first glance, we observed that a number of the specific
p-ΔNp63α protein interactions were enriched in sensitive
wt-ΔNp63α cells upon cisplatin exposure (e.g., SAP18, SIN3A,
ATM, PRPF40B, DDIT3, ACIN1, etc.), while these interactions
show the smallest iTRAQ ratios in the resistant ΔNp63α-S385G
cells, suggesting the potential role for the ATM-dependent phosphorylation of ΔNp63α in such protein interactions (Tables S6
and S7). Although the cisplatin-induced Tp53 protein-protein
interactions were enriched with proteins involved in cell death/
apoptosis and cell cycle arrest pathways in SCC cells expressing
wt-ΔNp63α or ΔNp63α-S385G, some of the specific TP53protein interactions appeared to be potentially affected by
p-ΔNp63α vs. non-p-ΔNp63α (e.g., STK11, KAT5, RPTOR,
HMGB1, ASPP1, etc., Tables S4 and S5).
Because ΔNp63α functions as a regulator of RNA splicing
through its interaction with the spliceosome components,13,37 we
focused our follow-up studies on a number of proteins implicated in RNA processing/RNA stability and cell death, which
stand out from the protein interaction chip array and iTRAQ
data (e.g., SAP18, SF3A2, SRSF2, HDAC6, ACIN1 and
RBM38) and collectively suggest that the p-ΔNp63α/non-pΔNp63α interplay play a role of the RNA splicing occurred in
cisplatin-resistant SCC cells. Figure 8 depicts the potential role
for p-ΔNp63α/non-p-ΔNp63α network in regulation of RNA
processing/stability and, consequently, in control of cell death
through the physical and functional interaction with the components of the nuclear speckle-localized splicing regulatory multiprotein ASAP complex and RBM38/ELAVL1 pathway.33,52,55-61
Our data suggests that the p-ΔNp63α protein is likely to induce
an ASAP assembly followed by a potential reduction of RNA
splicing and induction of cell death in sensitive wt-ΔNp63α

© 2012 Landes Bioscience.
Figure 4. Complex formation between splicing protein complex and
ΔNp63α in SCC cells upon cisplatin exposure. Wt-ΔNp63α cells (left
parts) and ΔNp63α-S385G cells (right parts) were exposed to control
medium (CIS, -) or 10 μg/ml cisplatin (CIS, +) for 16 h. Nuclear lysates
were immunoprecipitated (IP) with an anti-SAP18 antibody and blotted
with indicated antibodies. Inputs (10%) were tested with anti-α-tubulin.
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cells upon cisplatin exposure, while non-p-ΔNp63α leads to an
ASAP disassembly in resistant ΔNp63α-S385G cells, activation
of RNA splicing and cell death reduction.
Accumulating data have shown that splicing patterns can
already be determined at the promoter of a gene, evidencing
a coupling between transcription and alternative splicing.30 In
some human cancers, SRPK2 was recently found to bind and
phosphorylate ACIN1 and redistribute it from the nuclear
speckles to the nucleoplasm, resulting in cyclin A1 but not
A2 upregulation, leading, in turn, to a regulation of cell cycle
arrest.31 Additionally, a modulation of CDKN1A pre-mRNA
splicing was shown to affect the TP53-mediated apoptosis.38
We found here that, in contrast to non-p-ΔNp63α, the cisplatin-induced p-ΔNp63α protein reduced cyclin A1 transcription and CDKN1A pre-mRNA splicing and cell viability, while
induced ACIN1-mediated DNA fragmentation and cell cycle
arrest.
Prior studies have shown that the ASAP-associated splicing
factor SAP18 forms a protein complex with chromatin modifier SIN3 and histone deacetylase HDAC, thereby suggesting
that members of the splicing regulatory apparatus might be also
involved in the process of chromatin remodeling during apoptosis through a SIN3-HDAC-mediated deacetylation of histones.62
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We then found that TP53/KAT5 protein interactions were
enriched in sensitive wt-ΔNp63α cells (Fig. 8A), while the
association between Tp53 and KAT5 dramatically decreased in
resistant ΔNp63α-S385G cells, while Tp53 formed complexes
with HDAC6 and SAP18 (Fig. 8B), potentially contributing to
the cisplatin-induced cell cycle arrest and apoptosis or absence
thereof, as evidenced by prior reports in references 63–65.
Using both protein interaction array and iTRAQ technology,
we found many Tp53 family member’s specific protein interactors
associated with chromatin remodeling and epigenetic regulation
(e.g., CHAF1A, KAT2B, CHD4, SIN3A and 3B, HDAC1, -2, -6,
-7A and -9, MTA1 and -2, CTBP1, DNMT1, MECP2, NCOR2,
etc.), RNA transcription (e.g., CITED2, TFDP1, SP1, E2F1,
HIF1A, EP300, CREBBP, TRRAP, DDIT3, etc.) and RNA
processing (RBM38, RNPS1, SAP18 and -30, SKP2, SRSF2,
SF3A2, TRRAP, TACC1, etc.). We further defined that numerous proteins implicated in cancer development through regulation
of cell cycle arrest, apoptosis and autophagy (AMBRA1, ATG14,
BCL2, BCL2L1, BECN1, CDKN1B, CDK2, DAPK1, MTOR,
RICTOR, RPTOR, RPS6KB1, UVRAG, etc.) may also participate in the TP53/TP63 protein interaction network, supporting the notion that multiple and sometimes opposing pathways
regulated by the TP53/TP63 interactome might play a decisive
role in the tumor cell response to chemotherapy.66,67 Therefore,
future functional studies are needed to unravel the specific role of
these protein interactions in the tumor cell response to cisplatin
treatment, and to pinpoint novel protein targets for future small
molecule-based and microRNA-based therapeutics beneficial for
human cancer patients.68-72
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Figure 5. Complex formation between HDAC6, Tp53 and splicing complex in SCC cells upon cisplatin exposure. Wt-ΔNp63α cells (left parts)
and ΔNp63α-S385G cells (right parts) were exposed to control medium
(CIS, -) or 10 μg/ml cisplatin (CIS, +) for 16 h. (A) Nuclear lysates were
immunoprecipitated (IP) with an anti-HDAC6 antibody and blotted
with indicated antibodies. (B) Nuclear lysates were immunoprecipitated
(IP) with an anti-Tp53 antibody and blotted with indicated antibodies.
Inputs (10%) were tested with anti-α-tubulin.

We found here that p-ΔNp63α formed a complex with SAP18,
leading to a subsequent association with SRSF2 and, ultimately,
to a modulation of RNA splicing and induction of apoptosis in
sensitive wt-ΔNp63α cells exposed to cisplatin (Fig. 8A). Beatrice
Eymin’s research team recently reported that in unstressed cells,
histone acetyltransferase Tip60 (KAT5) acetylates SRSF2,
thereby preventing SRPK2-mediated phosphorylation of SRSF2
and, in turn, induces a proteasome-dependent degradation of
SRSF2 (reviewed in ref. 52 and 63–65). However, in stressed
cells, SRSF2 is deacetylated by HDAC6 and phosphorylated by
SRPK2, subsequently increasing the SRSF2 protein level and
leading to apoptosis through regulation of the splicing switch
of CASP8 pre-mRNA.52 We further found that non-p-ΔNp63α
failed to bind SAP18, thereby releasing the latter from the ASAP
complex and allowing it to bind HDAC6 and KAT5, leading to
acetylation of SRSF2, activation of RNA splicing and modulation of cell cycle arrest or apoptosis (Fig. 8B).

2374

Materials and Methods
Protein array chip analysis. Custom protein binding microarray chips with 16,368 individual human GST-and His6 -tagged
full-length proteins (in duplicate) on the chip were produced
by the Protein Microarray Core at the Johns Hopkins Medical
Institutions, as described in reference 73. Recombinant GST-fused
Tp53 (1–393 amino acid residues, H00007157-P02, Abnova) and
TP63 (1–680 amino acid residues, H00008626-P01, Abnova)
purified from the baculovirus-infected Sf9 insect cells were dissolved in 0.1 M sodium phosphate-0.2 M NaCl buffer, pH 7.5;
25 μg of protein was labeled with Alexa-Flour-647 microscale
protein labeling kit (A30009, Molecular Probes/Invitrogen).
Labeled proteins were purified by a BioGel P-30 Fine size exclusion column chromatography (BioRad) in phosphate-buffered
saline (PBS). The extent of labeling (> 35–50%) was determined
by measuring the absorbance at 280 nm and 647 nm. Before the
incubation with the labeled bait proteins, the protein microarray
chip slide was briefly washed with PBST (0.1% Tween-20) and
blocked with PBST with 3% BSA for 60 min at 4°C in a circular
shaker at 50 rpm. The slides were briefly rinsed with PBST, and
~400 ng of labeled protein in 100 μl PBST with 5 mM DTT
(to minimize potential GST dimerization) was evenly applied
on the slide. The slide was covered with Lifterslip and incubated
in a humidity chamber for 90 min at 4°C. After three times 5
min washing with PBST, slide was briefly rinsed with distilled
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water and spun dry. After extensive washing
(three times 5 min washing with PBST), the
slides were spun dry, protected from light and
scanned using a GenePix 4000B microarray
scanner at the 635 nm. Generated images were
analyzed with the GenePixTM Pro v6.0 (2007)
image analysis software.
Fluorescence intensity measurements from
each array element were compared with local
background; background subtraction was performed; and correlation graphics were plotted
to assess the reproducibility of the duplicate
spots. Before normalization, spots showing
defects were manually flagged, while “error”
spots and spots with intensities lower than the
sum of mean backgrounds were discarded.
Signal distribution of the bait protein with a
chip was plotted using Microsoft Excel software (v12.2.3, 2008 for Mac). Signals less than
10% of the maximal signal were considered as
background ones and removed from the subsequent analysis. The signals in the peak of the
curve were selected for bioinformatics analysis
using GO (v1.1.974, 2010, www.geneontology.org) and IPA (v8.0, 2010) programs.
Cells, reagents and transfection. SCC cell
line (expressing wt-Tp53 and TP63) was isolated from primary tissue at the Department
of Otolaryngology/Head and Neck Surgery
of the Johns Hopkins University School of
Medicine. Flp-In approach was used to generate the wt-ΔNp63α or ΔNp63α-S385G
knock-in clones in the genomic DNA.6,37
Resulting SCC cells exclusively expressed
the wt-ΔNp63α protein or ΔNp63α-S385G
protein, which was confirmed by sequencFigure 6. Opposite effect of p-ΔNp63α and ΔNp63α-S385G on regulation of mRNA splicing
and DNA fragmentation in SCC cells upon cisplatin exposure. Wt-ΔNp63α cells (left parts)
ing of the amplified cDNA clones from wt
were transfected with an empty vector and ΔNp63α-S385G-FL cassette (S385G-FL), while
and mutated cells. These SCC cell clones
ΔNp63α-S385G cells (right parts) were transfected with an empty vector and ΔNp63α-FL
were designated as wt-ΔNp63α cells and
cassette (WT-FL). Cells were exposed to control medium or 10 μg/ml cisplatin for 16 h.
ΔNp63α-S385G cells. In some experiments,
(A) Cells were tested for splicing of p21CIP1/WAF1 (CDKN1A) and expression of CCNA1 and CCNA2
wt-ΔNp63α cells were transfected with the
isoforms. (B) Cells were tested for DNA fragmentation.
100 ng ΔNp63α-S385G-FL expression cassette, while ΔNp63α-S385G cells were transfected with 100 ng ΔNp63α-FL expression cassette for 24 h using Acinus1 (clone 2005C3a, ab50827, Abcam), a mouse monocloFuGENE6 (Roche). Cells were maintained in RPMI medium nal antibody to SRSF2 (LS-C89240-100, LifeSpan Biosciences),
1640 and 10% fetal bovine serum and incubated with control a mouse monoclonal antibody to wt-Tp53 (clone BP53-12, #05medium or 10 μg/ml cisplatin (Sigma) for the indicated time 224, EMD/Millipore) and rabbit polyclonal antibody against
periods.
β-actin (#AV40173, Sigma). A rabbit polyclonal antibody against
Antibodies, immunoprecipitation and immunoblotting. We ΔNp63 (anti-p40, PC373, residues 5–17 epitope) was purchased
used mouse monoclonal antibodies to SF3A2 (H00008175-M01, from EMD/Calbiochem. A custom rabbit polyclonal antibody
Abnova) and RNPS1 (clone 7G8, H00010921-M05, Abnova), against a phosphorylated peptide encompassing the ΔNp63α
polyclonal antibodies to RBM38 (H00055544-B02, Abnova) and protein sequence (ATM motif, NKLPSV-pS-QLINPQQ, resiSAP18 (H00010284-D01, Abnova), rabbit polyclonal antibodies dues 379–392) was prepared and purified.6 For immunoprecipto HDAC6 (ab47181, Abcam), SRPK1 (ab90527, Abcam) and itation, we used nuclear lysates obtained as follows: cells were
KAT5/Tip60 (ab59894, Abcam), a mouse monoclonal antibody resuspended in a hypotonic lysis buffer (10 mM HEPES pH 7.9,
to SRPK2 (ab67993, Abcam), a mouse monoclonal antibody to 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA) with protease
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obtained from Applied Biosystems. All qPCR
reactions were performed in triplicate. For each
experiment, the triplicate results of the qPCR were
averaged, and this mean value was treated as a single
statistical unit. The data were presented as means ±
SD. Relative gene expression was normalized for the
GAPDH housekeeping gene expression.
For splicing of intron 2 (between exons II and III)
out of the CDKN1A pre-mRNA isoform 1, we used
the following primers: sense, (+7,850) 5'-GCC TTG
GCC TGC CCA AGC TCT ACC T-3' (+7,875) and
antisense, (9,675) 5'-CAC TTG TCC GCT GGG
TGG TAC CCT C-3' (+,9700), giving rise to the
1,850 bp PCR fragment for unspliced (US) product
and 546 bp PCR fragment for spliced product.
Expression and purification of the NTAP protein complexes. cDNA fragments for ΔNp63α,
ΔNp63α-S385G and Tp53 were amplified using
the following PCR primers: for ΔNp63α, sense,
5'-GGA TCC atg ttg tac ctg gaa aac a-3', antisense,
5'-caa aga gga ggg gga gtg aCA GCT G-3'; for
Tp53, sense, 5'-GGA TCC atg gag gag ccg cag tca
ga-3', antisense, 5'-aag ggc ctg act cag act gaC AGC
TG-3'. Resulting PCR fragments were subcloned
into the BamHI and XhoI sites of the pNTAP vector
(Stratagene), thereby fusing the N-terminal regions
of target proteins in frame to the SBP-tag located
next to the CaBP tag. The pNTAP-ΔNp63α,
pNTAP-ΔNp63α-S385G and pNTAP-Tp53 expresFigure 7. Opposite effect of p-ΔNp63α and ΔNp63α-S385G on cell viability and cell
sion constructs were transiently introduced into
cycle arrest of SCC cells upon cisplatin exposure. Wt-ΔNp63α cells (left parts) were
SCC cells using Lipofectamine-2000 (Invitrogen)
transfected with an empty vector (triangles and squares) and ΔNp63α-S385G-FL
for 48 h, and the resulting cells were exposed to concassette (S385G-FL, diamonds), while ΔNp63α-S385G cells (right parts) were transtrol medium or 10 μg/ml cisplatin. Cells grown on
fected with an empty vector (triangles and squares) and ΔNp63α-FL cassette (WT-FL,
diamonds). Cells were exposed to control medium (triangles) or 10 μg/ml cisplatin
20–30 150 mm dishes (to obtain 25–30 mg of pro(squares and diamonds) for indicated time periods. (A) Cell viability assay. Cell viability
tein per sample) were lysed with buffer A (50 mM
was assessed at 24, 48, 72, 96 and 120 h by MTT assay. Absorbance readings were
Tris,
pH 7.5, 100 mM NaCl, 2 mM EDTA, 0.5%
taken using a SpectraMax M2e Microplate fluorescence reader (Molecular Devices) at
Triton X-100, 0.5% Brij-50, 1 mM PMSF, 0.5 mM
570 and 650 nm wavelengths. Experiments were performed in triplicate with SD as
NaF, 0.1 mM Na 3VO4, 2x complete protease inhibiindicated (< 0.05). (B) Flow cytometry assay.
tor cocktail), sonicated and clarified for 30 min at
15,000 g. Protein complexes were purified from the
inhibitors (Sigma); 0.5% Triton X-100 was then added and the supernatants using NTAP system (#240103, Stratagene/Agilent
nuclei were pelleted at 2,500 g for 10 min at 4°C. Nuclear pellets Technology) under native conditions.25,27
were then resuspended in the extract buffer (20 mM HEPES pH
iTRAQ labeling and liquid chromatography-double mass
7.9, 25% glycerol, 0.4 M NaCl, 0.1 mM EDTA, 0.1 mM EGTA), spectrometry (LC-MS/MS). Protein complexes were precipirocked for 15 min at 4°C and the supernatants were recovered by tated with trichloroacetic acid (TCA) and desalted. The trypsincentrifugation at 10,000 g for 5 min at 4°C.
digested peptides, were labeled with the isobaric tags 113 and
Quantitative (q)-PCR. Total RNA was extracted from SCC 114 (for samples obtained from cells exposed to control media)
cells with TRIzol reagent (Invitrogen). 1.2 μg of RNA was used as and 115–118 (for samples obtained from cells exposed to cistemplate for reverse transcription using the high-capacity cDNA platin) using the iTRAQ Reagents Application Kit (#4374321,
Reverse Transcription kit (Applied Biosystems) as described Applied Biosystems). Samples were then mixed, dried and
(Huang et al. 2011). cDNA was dissolved in 20 μl of H2O. The fractionated by strong cationic exchange (SCX) chromatogcDNA levels of specific genes were amplified using the TaqMan® raphy on an Agilent HPLC system. Each SCX fraction was
Gene expression assays [cyclin A1 (CCN1A), Hs00171105_m1; separated on a C18 column using 5–40% (90% acetonitrile in
cyclin A2 (CCNA2), Hs00996788_m1 and control glyceralde- 0.1% formic acid) gradient over 60 min. Eluted peptides were
hyde-3-phosphate-dehydrogenase (GAPDH), Hs02758991_g1] sprayed directly into an LTQ Orbitrap Velos mass-spectrometer
and TaqMan® Gene Expression Master Mix, 1-Pack (#4369016) (Thermo-Scientific).
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Data analysis. The MS/MS spectra were extracted
and searched against the RefSeq 40 database using
Mascot (Matrix Science, version 10/11/2009) through
Proteome Discoverer software (v1.1, ThermoScientific). The iTRAQ ratios were normalized by
total protein, and only proteins identified with ratios
> 1.2 or < 0.8 were considered as potential differential interactors. iTRAQ ratios were normalized to the
median ratio using the following formula: iTRAQ
ratio 1/4 ratio/median iTRAQ ratio of all found pairs.
Both correction and normalization were performed
using GPS Explorer software v3.6. All protein quantifications were based on the spectral counts observed
for each protein. Spectral counts for each protein were
averaged and used to calculate fold enrichment over
the control. All tables and graphs were generated using
Microsoft Excel.
Protein interaction data sets were analyzed using
IPA software, v8.0 (2010, www.ingenuity.com) and
STRING v9.0 protein interaction database (2009,
www.string.embl.de). Analysis of entire protein data
sets using IPA Knowledge Base identified the most
significant biological functions/diseases, canonical
pathways and networks. Significances for functional
enrichment of specific genes and the ranking scores
for each network were computed by IPA based on a
right-tailed Fisher’s exact test showing (as the negative log of the probability) that the number of genes
in the network is not due to random chance using all
input genes as a reference set. IPA-derived functions
Figure 8. Schematic representation of the Tp53 and TP63 interactions/activities
and pathways were selected as those with a probability
leading to regulation of RNA splicing/stability and cell death in SCC cells upon cishigher than a threshold (p < 0.05).
platin exposure. Protein physical and functional interaction networks were based on
DNA fragmentation assay. Cell pellets were lysed
data obtained from STRING 9.0 protein-protein interaction and PubMed literature
databases. Solid lines represent protein interactions shown in this work, dashed
on ice with a 10 mM TRIS-HCl (pH 8.0), 10 mM
lines derived from the database and literature. Solid arrows represent activation of
EDTA and 0.5% Triton X-100 for 15 min. The lysate
the target level or function, while gray arrows represent repression of target level
was centrifuged at 12,000x g for 15 min to separate
or function. Dark gray ovals represent targets enhancing cisplatin sensitivity, while
soluble (fragmented) from pellet (intact genomic)
light gray ovals represent targets enhancing cisplatin resistance. White ovals repreDNA. Soluble DNA was treated with RNA-ase A (50
sent targets that play a neutral role in cellular response to cisplatin.
μg/ml) at 37°C for 1 h, followed by treatment with
proteinase K (100 μg/ml) in 0.5% SDS at 50°C for 2
h. The residual material was extracted with phenol/chloroform, 48 h, 72 h, 96 h and 120 h by MTT cell viability assay in triplicate
precipitated in ethanol, resolved by a 1.8% agarose gel electro- by monitoring the absorbance at 570 and 650 nm wavelengths using
phoresis, stained with ethidium bromide and the gels were pho- a SpectraMax M2e Microplate fluorescence reader (Molecular
Devices), as previously described in references 48 and 54.
tographed under UV light.
Statistical analysis. The data represent mean ± SD from three
Flow cytometry cell cycle analysis. Cells were harvested,
washed in PBS and fixed in methanol (4): acetic acid (1) solution independent experiments and the statistical analysis was perfor 60 min at 4°C. Cells were then incubated in 500 μl of stain- formed by t-test at a significance level of p < 0.05.
ing solution (50 μg/μl of propidium iodide, 50 μg/μl of RNAConcluding Remarks
ase, 0.1% Triton X-100 in 1 PBS) for 1 h at 4°C and analyzed
by flow cytometry performed on the FACSCalibur instrument
Our observations suggest that Tp53 and ΔNp63α are involved
(BD Biosciences).
Cell viability assay. Cell viability was analyzed by measuring in numerous protein-protein interactions, which are likely
the capacity of cells to reduce 3-(4,5-Dimethylthiazol-2-yl)-2,5- to be implicated in response by tumor cells to cisplatin expodiphenyltetrazoliumbromide (MTT, American Tissue Culture sure. Phosphorylated (p)-ΔNp63α binds to the splicing comCollection) to formazan. Cells were plated at 20–30% confluence plex leading to repression of mRNA splicing and activation of
per well of a 6-well plate, and the cell viability was assayed at 24 h, ACIN1-mediated cell death pathway. In contrast to p-ΔNp63α,
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non-p-ΔNp63α fails to bind the critical members of the splicing complex, thereby leading to activation of RNA splicing and
reduction of cell death pathway. Overall, our studies provide an
integrated proteomic platform in making a case for the role of the
p53/p63 interactome in cisplatin chemoresistance.
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