N

N

The Splicing Factor PTBP1 Represses TP63 ~ Isoform
Production in Squamous Cell Carcinoma
William Taylor, Stéphane Deschamps, David Reboutier, Luc Paillard, Agnes

Méreau, Yann Audic

» To cite this version:

William Taylor, Stéphane Deschamps, David Reboutier, Luc Paillard, Agnés Méreau, et al.. The
Splicing Factor PTBP1 Represses TP63 v Isoform Production in Squamous Cell Carcinoma. Can-
cer Research Communications, 2022, 2 (12), pp.1669-1683. 10.1158/2767-9764.CRC-22-0350 . hal-
04100176

HAL Id: hal-04100176
https://hal.science/hal-04100176
Submitted on 17 May 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04100176
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

€ CANCER
2R RESEARCH
& COMMUNICATIONS

RESEARCH ARTICLE

The Splicing Factor PTBP1 Represses ]

https://doi.org/10.1158/2767-9764.CRC-22-0350

AACR

American Association
for Cancer Research’

OPEN ACCESS

Updates

TP63 y Isoform Production in Squamous

Cell Carcinoma

William Taylor, Stéphane Deschamps, David Reboutier, Luc Paillard, Agnés Méreau*, and

Yann Audic*

ABSTRACT

The TP63 gene encodes the p63 transcription factor. It is frequently ampli-
fied or overexpressed in squamous cell carcinomas. Owing to alternative
splicing, p63 has multiple isoforms called o, f, y, and 3. The regulatory
functions of p63 are isoform specific. The a isoform inhibits the epithelial-
to-mesenchymal transition (EMT) and controls apoptosis, while the y
isoform promotes EMT. Using The Cancer Genome Atlas data, we observed
that a higher proportion of the TP63y isoform is a detrimental factor for
the survival of patients with head and neck squamous cell carcinoma (HN-
SCC) and is accompanied by the downregulation of desmosomal genes. By
a correlation-based approach, we investigated the regulation of the pro-
duction of the TP63y isoform. According to our analysis of GTEx data,
the expression of the RNA-binding protein PTBP1 (polypyrimidine tract
binding protein 1) is negatively correlated with the abundance of TP63y
in several tissues. Accordingly, we demonstrated that PTBP1 depletion in

Introduction

The TP63 gene encodes a conserved transcription factor, p63, controlling
epithelial development and homeostasis (1, 2). In humans, heterozygous mu-
tations in TP63 lead to developmental syndromes affecting ectodermal tissue
derivatives (3). Overexpression or amplification of TP63 is observed in multi-
ple cancer types generally from epithelial origin (4) and p63 staining therefore

serves as a classification biomarker in some malignancies including skin can-
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HNSCC cell lines, keratinocyte or Xenopus embryos leads to an increase in
TP63y isoform abundance. By RNA immunoprecipitation and in vitro in-
teraction assays, we showed that PTBPI directly binds to TP63 pre-mRNA
in close proximity to the TP63y-specific exon. Intronic regions around the
TP63y-specific exon were sufficient to elicit a PTBP1-dependent regulation

of alternative splicing in a splice reporter minigene assay.

Together, these results identify TP63y as an unfavorable prognostic marker
in HNSCC, and identify PTBPI as the first direct splicing regulator of

TP63y production and a potential route toward TP63 isoform control.

Significance: Quantifying TP63y isoforms in patients’ tumors could allow
for the early detection of patients with HNSCC with an early loss in desmo-
somal gene expression and poor prognostic. The identification of PTBP1
as a transacting factor controlling TP63y production may allow to control

TP63y expression.

cer (5). The staining for p63 enables discrimination between carcinoma and
non-carcinoma breast cancer types, and between lung carcinoma and lung
adenocarcinoma in combination with other markers (6, 7). TP63 is also a prog-
nostic marker (8) as its loss is associated with metastatic progression in head

and neck squamous cell carcinoma (HNSCC).

The TP63 gene structure is evolutionarily conserved. Beside exons, several in-
tronic regions also present similarities among vertebrates. The complexity of
the TP63 gene structure, owing to alternative promoters and alternative splic-
ing or polyadenylation, allows for the production of multiple protein isoforms
(Fig. 1A). This conserved complexity suggests some evolutionary pressure pre-
sumably associated with the function of the different isoforms and underlines

the importance of their continued regulation (9, 10).

Two promoters (TA and AN) define the major N-terminal variants of p63
(Fig. 1A). The first promoter generates mRNAs encoding TAp63 isoforms com-
prising the N-terminal transactivation (TA) domain. The mRNAs produced
from the second promoter encode only a partial TA domain and the encoded
proteins are the ANp63 isoforms. The ANp63 isoforms are the most abun-
dant ones in epithelial tissues, where they are present mainly in basal cells.
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FIGURE 1 TP63 splicing from patients with HNSCC. A, TP63 exon/intron structure (top diagram) and corresponding encoded protein isoforms with
color-encoded peptidic domains. TA, AN denote the promoters. Exons are numbered according to GTEX. Alternatively spliced junctions and CPA
events are indicated with solid lines joining exons and pA, respectively. Terminal exon 16 is present in isoforms «, B, or 3, and terminal exon 12 in isoform
v. The cassette exons 14 and 15 are present in isoform a while the isoform B lacks exon 15 and the isoform & lacks both. The exons are colored according
to the domain structure. TA, transactivation domain; DBD, DNA-binding domain; OD, oligomerization domain; SAM, sterile alpha motif; TID,
transactivation inhibitory domain; PD, phosphodegron. B, Genewise expression of TP63 in normal and tumor samples from patients with HNSCC.

C, Quantification of TP63 splicing by measuring the inclusion of specific exons (PSI) in normal and tumor samples. The median PSl is indicated.
Differential expression between normal and tumor samples is assessed using Wilcoxon rank-sum test. D, Patients were segregated on the basis of the
high or low inclusion of exon 12 (threshold = 4.07%) or exon 14+15 (threshold = 98.49%) in tumor samples. Patient survival was assessed on a
Kaplan-Meier graph in the two classes and statistical differences appraised by a log-rank test.

They carry most of the p63 functions required for epidermal proliferation and
differentiation. The TA isoforms are preferentially expressed in the ovaries
during female germline differentiation where they protect the genome from
accumulating DNA damage in a way similar to p53 in somatic cells (11).

Cancer Res Commun; 2(12) December 2022

Several C-terminal ends are produced from combinations of cassette and alter-
native terminal exons (Fig. 1A). These isoforms encode p63 proteins harboring
different combinations of the C-terminal domains. The longest isoform p63a
contains a phosphodegron (PD; ref. 12), a sterile-alpha-motif (SAM; ref. 13),
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a transcriptional inhibitory domain (14), and a regulatory sumoylation region
(15). The shortest mRNA isoform TP63y encodes only the oligomerization
and DNA-binding domains. TP63y mRNA is generated by the use of an in-
ternal terminal exon and thus has a different 3’ untranslated region to the
other C-terminal isoforms. Because all p63 isoforms contain the oligomeriza-
tion domain, they may all interfere with each other’s functions. Most described
functions of the p63a isoform concern its requirement for epithelial de-
velopment and homeostasis, whereas the p63y isoform alone is unable to
support proper epithelial development (16). Instead, p63y promotes the onset
of an epithelial-to-mesenchymal (EMT) transition when overexpressed in ker-
atinocytes (17), promotes osteoblastic differentiation (18) and favors terminal
myogenesis (19). Metastatic potential is a major parameter of the severity of
HNSCC and is enhanced by the acquisition of EMT properties (20). Differen-
tial splicing regulation altering the abundance of C-terminal p63 isoforms could
therefore promote acquisition of metastatic properties and be detrimental to
patients.

The functions of p63 are therefore strongly dependent on the nature of the
isoforms and on the regulation of the production of the different 5 and 3’
isoforms in a tissue-specific manner. Despite the acknowledged importance of
the differential role of the p63 C-terminal isoforms, the regulation of the mul-
tiple alternative splicing events involved in TP63 pre-mRNA maturation has

remained unaddressed since the cloning of the gene in the late 90s (21).

Regulation of alternative splicing events requires the assembly of the spliceo-
some machinery onto splice sites [noted 5’ splice site (5’'SS) and 3’ splice site
(3'SS) with regards to the introns] and/or the definition of the cleavage and
polyadenylation sites (CPA; ref. 22). The tissue-specific choices among differ-
ent alternative splicing and polyadenylation events are generally controlled by
a combination of regulatory sequence elements, silencers or enhancers, and
their cognate trans-acting factors, generally RNA-binding proteins (RBP). The
differential tissue distribution of these RBPs will often account for the tissue-
specific regulation of alternative splicing (23). We reasoned that by analyzing
relative abundance of RBPs and TP63 alternative splicing events in RNA-
sequencing (RNA-seq) data from many tissues we could prioritize the RBPs

most likely to intervene in TP63 splicing.

Here, by combining exploration of The Cancer Genome Atlas (TCGA) and
GTEX data, RNA/protein biochemistry, and reverse genetics experiments, we
show that higher inclusion of the y exon is associated with poorer survival of
patients with HNSCC and we identify the RBP PTBPI as a direct inhibitor of
the inclusion of the y exon in HNSCC cell lines. Furthermore, patients™ pri-
mary tumors are characterized by a decreased expression of desmosomal gene
that are known actors of tumors suppression (24), suggesting a loss of epithe-
lial characteristics. These results identify TP63y as an unfavorable prognostic
marker in HNSCC, and identify PTBPI as the first direct splicing regulator of

TP63y production and a potential route toward p63 isoforms control.

Materials and Methods

Cell Lines

The panel of HNSCC cell lines (TCP-1012:A253, FaDU, SCC-25, SCC9) was
acquired from ATCC in July 2019 and authenticated by the provider by short
tandem repeat profiling. Authenticated HaCaT cells were obtained from Cell
Lines Service in September 2020 (CLS GmbH). All cell lines used for the ex-

periments were at least three passages and at most 20 passages from thawing,
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at which point they were systematically discarded. Cells were not tested for
Mycoplasma infection. HaCaT, FaDu, HeLa, and Detroit 562 cells were cultured
in DMEM (Gibco), A253 cells were cultured in Mc Coy’s 5A (Gibco), SCC-9
and SCC-25 cells were cultured in DMEM/F12 (Gibco) supplemented with 400
ng/mL hydroxycortisone (H0888, Sigma-Aldrich). For siRNA depletion, cells
were seeded on 6-well plates at 150,000 cells per well. After seeding, a jetPRIME
transfection mix (Polyplus) was added, containing 100 pmol of target siRNA or

negative controls.

Xenopus Embryos Microinjection

Xenopus laevis eggs were obtained from wild-type (WT) females and fertilized
using standard procedures and following national regulation under protocol
(APAFIS#7109; ref. 25). When indicated, 30 ng of MoPtbpl (26) or 30 ng of
control morpholino (GeneTools) were injected into each blastomere of two-cell
embryos in a volume of 13.8 nL, using a Nanoject II (Drummond). For rescue
experiments, 1 fmol of mRNA-encoding morpholino-resistant Ptbpl-V5R was
coinjected. Embryos were allowed to develop at 22°C and were collected at stage
26 according to Nieuwkoop and Faber stages (27). Total RNA was extracted us-
ing RNeasy columns (Qiagen) from pools of three embryos. RNA was analyzed
by RT-PCR for 25 cycles using radiolabeled PCR primers.

Minigene Construction and Analysis

The TP63 exon 12 minigene and its mutated versions were constructed
by Gibson assembly of B-globin and TP63 gene fragments obtained by
PCR amplification of HaCaT genomic DNA using oligonucleotides pairs
hGbEI_E2, hTP63_gamma, hGb_E3 and cloned into Apal, Nhel digested
pmirglo (Promega). Mutations of the 3'SS and/or CPA were conducted using
geneblocks (IDT) overlapping the regions to be mutated. Plasmids were con-
trolled by sequencing. HaCaT cells were transfected with minigene plasmid
and selected using G418 at 800 pg/mL until naive cell died then maintained
in 400 ug/mL (Gibco). Expression and splicing of the minigene was assessed by
qRT-PCR. All oligonulceotides are presented in the reagent table.

RNA Extraction, Reverse Transcription, and qRT-PCR

Total RNA was extracted from cells using nucleospin RNA kits (Macherey
Nagel, #740955.50) following the manufacturer’s instructions. A total of 1 pug
of total RNA was reverse transcribed with superscript II enzyme (Invitrogen)
and random primers (Invitrogen #58875). Dilutions of cDNA (1:20) were ampli-
fied with PowerSybr Green Master mix (Applied Biosystems, #4367659) using
a Quantstudio (TM) 7 flex real-time PCR 384-well system. Two reference genes
were used for QRT-PCR, RPLP0, and BTUB.

Western Blot Analysis

Cells were washed with 1X PBS and lysed in 2X Laemmli sample buffer (4%
SDS, 20% glycerol, 0.125 mol/L Tris-Hcl pH 6.8, 2.5% B-mercaptoethanol, 0.2%
bromophenol blue). Denatured protein samples (10’, 95°C) were loaded onto
8%-12% SDS-PAGE gels. Transfer onto nitrocellulose membranes (Amersham
Protran 0.45 pm NC) was performed using the trans-blot turbo transfer system
(Bio-Rad). Membranes were blocked for 1 hour with a 5% fat-free milk TBST
solution [IX TBS (20 mmol/L TRIS, 150 mmol/L NaCl, pH 7.6), 0.1% Tween
20], incubated with primary antibody solutions (16 hours, 4°C). After three
washes in TBST (5'), the membranes were incubated with anti-mouse or anti-
rabbit secondary antibodies coupled to horseradish peroxidase (1 hour at 20°C),
washed three times in TBST (5'). Revelation was performed on an Amersham
AI680 imager with either ECL-select (Amersham) or West pico PLUS (Thermo

Cancer Res Commun; 2(12) December 2022
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Fisher Scientific) chemiluminescent substrate, depending on anticipated signal

strength.

siRNA, oligonucleotides, antibodies, and additional details on reagents and cell

lines are listed in Supplementary Table S1.

Statistical and Data Analyses

TP63 isoforms and splicing in HNSCC patient samples were quantified using
clinical and expression data obtained from firebrowse.org and splicing quan-
tification from TCGA spliceSEQ (28). The percent-spliced-in (PSI) metric is
computed as the ratio of normalized reads supporting inclusion of an exon to
the total normalized reads for that event. All expression, splicing, and survival
analysis were conducted in R. For Kaplan-Meier estimation, the survival pack-
age was used and a log-rank test (29) applied. Prognostic marker genes were
obtained from https://www.proteinatlas.org. Gene Ontology (GO) enrichment

analysis was conducted using the topGO package.

To identify RBPs with tissue expression correlated to TP63 tissue-specific junc-
tion usage, we analyzed RNA-seq data from GTEx Analysis 8.0. The GTEx
data are composed of 17,382 samples from 54 different tissues obtained from
980 donors. For each sample (s), the total number of reads (T5) is calculated.
The median read depth (Mrd) is calculated form each sample and a read depth
normalization factor (Ns) for each sample is obtained as follows:

Ts

N, =
: Mrd

Normalized gene expression Egs for gene g and sample s is computed as:

n
Egs = Z junctiongg; X N;
i=1
Tissues and samples expressing TP63 are selected and used for correlation anal-
ysis. RNA-Binding Protein Database (RBPDB; ref. 30) provided a list of RBPs
for which we calculated the RNA expression in the TP63-expressing samples.
For each of the 21 TP63 junctions, the junctionusage is computed as:

. X junction;g
junctionusagejs = —7———

> | junction;s
The Pearson correlation coeflicient and associated P value are calculated be-
tween each RBP and the junctionusage of TP63. Top correlated RBPs are then

selected for further analysis.

qRT-PCR and Western blots were statistically assessed with standard tests
(ANOVA, post hoc Dunnet test, see Supplementary Table S2) using in-house

R scripts. In all figures, error bars are SDs.

Fluorescent RNA

Transcription templates were synthesized by PCR (GOTAQ G2, Promega)
using a hybrid T7promoter/sequence-specific forward primer and a sequence-
specific reverse primer. The PCR templates were either the WT minigene or the
mutated ones. PCR products were checked on native agarose gel and purified
on columns (DC5, Zymoresearch). Fluorescent RNAs were transcribed (37°C,
3 hours) in [40 mmol/L TRIS-CI (pH7.9), 10 mmol/L NaCl, 6 mmol/L MgCl,,
2 mmol/L spermidine, 5 mmol/L DTT, rNTPs 0.5 mmol/L each, Cy3-UTP
0.1mmol/L (Jena Bioscience), RNAsin (1 U/pL, Promega), T7 RNA polymerase
(1.25 U/pL), DNA template (12.5 ng/iL)]. RNAs were purified on G50 sephadex

(GE Healthcare) and controlled by denaturing electrophoresis and fluorescent

Cancer Res Commun; 2(12) December 2022

detection (Typhoon FLA 9500). Cy3 fluorescence and RNA absorbance were

quantified on a De Novix DS-11 spectro/fluorimeter.

Protein Production and Electrophoretic Mobility

Shift Assay

The DNA encoding hsPTBP1 (NM_002819.5) was obtained from source
biosciences (IRAUp969B052D). The PTBP1 ORF was PCR amplified and sub-
cloned by Gibson cloning into pET21A+ (Novagen) digested by XhoI and Nhel.
The 6xHis-tagged hsPTBP1 was expressed in E.Coli (BL21) after induction by
IPTG (1 mmol/L), and purified on nickel column using standard procedures.
PTBP1 was eluted with 250 mmol/L Imidazole and concentrated on vivaspin
(30 kDa cutoff). Purified protein was resuspended in sodium cacodylate pH
7.0 20 mmol/L, NaCl 100 mmol/L, EDTA 0.5 mmol/L, DTT 1 mmol/L.

The electrophoretic mobility shift assay (EMSA) experiments were performed
by mixing dilutions of hsPTBP1 in RNA binding buffer [RBB: Sodium Ca-
codylate pH 7.0 10 mmol/L, BSA 0.1 pg/iL, yeast tRNA 0.1 pg/ L, NaCl 100
mmol/L, MgCl, 1 mmol/L, DTT 1 mmol/L, Rnasin (Promega) 0.4U/pL, Hep-
arin (Sigma) 1U/p L] with an equal volume of labeled RNA in RBB. RNA protein
complexes were analyzed on native polyacrylamide gels (31). Bound and free
RNA were quantified on a Typhoon FLA 9500. To estimate the Kd, a nonlinear
model of the form (bound/total RNA) — 1/(1 + Kd/[PTBPI1]) was fitted to the
data for each RNA using R script (32).

PTBP1 Complex Immunoprecipitation

A total of 10 million HaCaT or SCC9 cells were lysed in (50 mmol/L Tris-HCI,
0.1 mol/L NaCl, 1% NP40, 0.1% SDS, 0.5% deoxycholate, protease inhibitor
cocktail P8340 0.1%, RNAsin 400U, TurboDNAse 10U, DTT 1 mmol/L) and
incubated 10 minutes at 37°C. Prior to immunoprecipitation, lysates were par-
tially digested with RNAseT1 (Ambion; 0.25U per mg of lysate 5 minutes, 37°C).
Lysates were precleared with 50 i L of dynabeads Protein-G magnetic for 1 hour
at 4°C. The cleared supernatants were incubated with 50 L of beads precoated
with 40 pg of anti-PTBP1 antibodies (clone BB7) or mouse IgG Isotype Con-
trol (Invitrogen). Immunoprecipitations were conducted overnight at 4°C with
constant shaking, then washed successively with IP300 (50 mmol/L HEPES-K
pH 7.5, 300 mmol/L KCl, 0.05% NP-40, 0.5 mmol/L DTT), IP500 (50 mmol/L
HEPES-K pH 7.5, 500 mmol/L KCl, 0.05% NP-40, 0.5 mmol/L DTT), IP750 (50
mmol/L HEPES-K pH 7.5, 750 mmol/L KCl, 0.05% NP-40, 0.5 mmol/L DTT)
and finally once with Washing Buffer (20 mmol/L Tris-HCl pH 7.4; 10 mmol/L
MgCly; 0.2% Tween20).

One-tenth of the immunoprecipited samples were used for analysis of
immunoprecipitated proteins by SDS-PAGE and Western blotting. Co-
immunoprecipitated RNAs were isolated by proteinase K treatment (30
minutes, 37°C in 150 pL of PK buffer (50 mmol/L Tris pH 7.4, 1 mol/L NaCl,
0.5% NP40, 0.5 mmol/L EDTA, 0.1% SDS, 2 mol/L urea, 1% deoxycholate)
containing 50 g tRNA and 12 U proteinase K (Thermo Fisher Scientific) fol-
lowed by phenol-chloroform extraction and ethanol precipitation. RNAs were
analyzed by RT-PCR or qRT-PCR.

Data Availability

All scripts are available from https:/gitlab.com/YannAudic/tp63_tcga_gtex.

Plasmids and transgenic cell lines are available upon request.
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Results

Higher TP63 y Exon Inclusion is Associated with Poor
Outcome in Patients with HNSCC

While many HNSCC tumors overexpress TP63 (Fig. 1B; ref. 33), the expression
and impact of its C-terminal isoforms on patient survival is unclear. We used
TCGASpliceSeq data to evaluate inclusion of exons composing the splice vari-
ants of TP63 in patients with HNSCC. The ANTP63 isoforms are characterized
by transcription initiation at exon 4 (Fig. 1A; Supplementary Fig. SIA) and ac-
count for more than 99% of total TP63 (Fig. 1C) in both normal and tumor
samples. The TATP63 isoforms initiated on exon 1 account for less than 1% of
total TP63. Among the two terminal exons 12 and 16, the inclusion of exon 16 ac-
counts for about 98% of the TP63 RNA (isoforms a, B, or 8, see Supplementary
Fig. SIB for isoform structure). Conversely, usage of exon 12, found exclusively
in TP63y, is weak (around 2% in average). A small but significant increase in
the usage of exon 12 is observed in tumor samples compared with normal tis-
sues (P = 0.010, Wilcoxon test) with a parallel decrease in exon 16 (Fig. 1C).
The exclusion of exon 15 measures TP63p, while the exclusion of the pair of
exons 14 and 15 measures TP633. No difference could be observed between
tumors and normal sample for these splicing events. We sought to determine
whether differential exon usage in tumors could be associated with difference
in survival probability for patients (Fig. 1D). The exon 12 or exon 14+15 inclu-
sion measurements in tumor samples could discriminate patient survival rates.
Higher inclusion (PSI > 4.07%) of the exon 12 was associated with a lower
survival of patients (median half-life = 862 days compared with 2,319 days,
P = 0.00363). Lower inclusion of exon 14415 was also associated with a more
moderate decreased survival (PSI < 98.5%, median half-life = 1,466 days com-
pared with 2,319 days, P = 0.0177). When the analysis was restricted to human
papillomavirus-negative patients, similar results were obtained (Supplemen-
tary Fig. S2). A higher inclusion of TP63y exon appears to be detrimental for

patient survival.

Higher TP63 y Exon Inclusion is Associated with

Loss of Epithelial Markers in Primary Tumors of

Patient with HNSCC

On the basis of the results shown in Fig. 1A, we split the patients with HN-
SCC into two groups: those with a low percentage of TP63y and a better
prognosis, and those with a higher percentage of TP63y and a worst progno-
sis. We identified the differentially expressed genes (DEG) between these two
groups of patients and we highlighted the HNSCC prognostic marker genes.
We observed that all prognostic marker genes overexpressed in the high TP63y
tumors are exclusively unfavorable (red dots, Fig. 2A). Conversely, prognostic
genes overexpressed in the low TP63y tumors are mainly favorable (blue dots,
Fig. 2A). This is coherent with the decreased survival probability of high TP63y
patients. Ontology enrichment analysis of the DEG highlighted nucleoplasm
genes, desmosomal genes, and SWI/SNF complex genes as statistically enriched
(Fig. 2B; Supplementary Tables S3 and S4). The most significantly enriched
term “nucleoplasm” relates to nuclear components that are affecting chromatin
epigenetic modification, transcriptional regulation or replication. Most notably,
eight of 24 genes encoding proteins of the desmosomal cell-to-cell adhesion
complexes are less expressed in primary tumors of patients with high level of
TP63y (Fig. 2C). This is in line with the potential loss of epithelial character-
istics that has been attributed to TP63y (17, 34). Seven of 24 genes encoding
proteins of the SWI/SNF complex involved in the extensive remodeling of the

chromatin are downregulated in the same primary tumors (Fig. 2D), in accor-
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dance with a loss of function of the SWI/SNF complex that is often associated
with carcinogenesis (35). This obviously raises the question of the regulators of

TP63 splicing in different patients.

Candidate RBPs Controlling TP63 y Exon Inclusion

Because tumor samples may be highly heterogeneous due to tumor type, lo-
cation, and/or intermixed tissues, we sought to identify potential regulators of
TP63 splicing using data from normal tissues. We searched for RBPs whose ex-
pression correlates to TP63 junction usages. RNA-seq junction quantification
was obtained from the GTEX consortium (36). They represent quantifications
from 54 different tissues or conditions. The correspondence between GTEX
and TCGA nomenclatures for TP63 is shown in Supplementary Fig. SIA and
a table ascribing the different transcripts relative to the ENSEMBL annotation
is in Supplementary Fig. SIC. We calculated the expression of TP63 in each
sample and for all tissues (see Materials and Methods). Among the 54 tissues,
10 (10/54, 18.5%) were selected as expressing TP63 (Fig. 3A). These tissues are
mainly of epithelial origin, as expected for TP63, but Epstein-Barr Virus (EBV)-
transformed lymphocytes and skeletal muscles also showed a notable TP63

expression.

For each tissue and sample, we quantified the usage of the 21 individual TP63
junctions (Supplementary Fig. S3A). The junction usage is strikingly different
between tissues (Supplementary Fig. S3B). We can distinguish three groups of
tissues: muscle, epithelia, and EBV-transformed lymphocytes. Eleven junctions
are used at similar levels across tissues. Among those, four are very weakly used
(J4-6,)5-5',]5-6, and J13-16) and seven are constitutive splicing events included
at high levels in all tissues. Ten junctions are differentially used across tis-
sues. Junctions (J1-2, J2-3, J3-5, J4-5) are representative of differential promoter
usage between epithelial tissue (AN isoforms favored) and muscle and EBV-
transformed lymphocytes (TA isoforms favored). Muscle specific differences
(J11-12 and J11-13, red boxes) are visible. These differences are not observed in
EBV-transformed lymphocytes. The competition between these two mutually
exclusive splicing reactions (J11-12, J11-13) sharing an identical 5SS allows for
the production of the y or («, B, 8) terminal isoforms. The quantification of these
two reactions (Fig. 3B) clearly shows that they are oppositely regulated: epithe-
lial tissues favor the exclusion of the y exon, while oppositely about 85% of the
TP63 transcripts include the y terminal exon in skeletal muscle (Supplementary
Fig. $4).

We hypothesized that correlations between RBP expression and junction us-
age could allow us to pinpoint RBPs acting as splicing enhancers or splicing
silencers affecting the tissue-specific inclusion of the y exon. Using the RBPs
represented in the RBPDB, we first determined their expression in our selected
TP63-expressing tissues. We were able to analyze the expression levels of 386
different RBPs in these tissues (Fig. 3C). On the basis of individual samples, we
computed the correlations between RBP expression and junction usage relevant
to the y exon (J11-12 and J11-13). Among the 10 most correlated RBPs (Fig. 3D),
eight were positively correlated and two were negatively correlated to y exon in-
clusion (J11-12). As expected, the correlation was inverted when considering the
alternative junction (J11-13). On the basis of the above analysis of the expression
levels of 386 RBPs, the 10 most correlated RBPs are strongly expressed in mus-
cle (FXRI, GRSFI, RBM24, CSDEI/UNR, HTATSFI1, PABPC4, A2BP1/RBFOXI,
CSDA/YBX3) or in epithelial tissues (PTBPI, SRSF9).

To determine whether expression of the selected RBPs is coherent with higher
y exon inclusion in patients with HNSCC with poor survival, we compared

the differential expression of the RBPs in our previously established tumor

Cancer Res Commun; 2(12) December 2022

€20z Ae|\ 21 uo 1s8nb Aq Jpd’0GE0-22-010/€22G8ZE/6991/Z L/Z/4pd-8joie/unwwoosa.1soues/B10°sjeuinofioee//:diy woly papeojumoq

1673



Taylor et al.

A
Prognostic marker genes
[ J
prog_val
7.5-
UNFAV
¢ o FAV

nucleoplasm 1.4

desmosome 6.8

5.9

SWI/SNF complex

PML body 219

heteromeric SMAD
| protein complex |

chromatin

—

_.
1-----w-g- - -o--

spindle pole 2

enriched in DEG

nucleus

—

bicellular
tight junction |
[intr. anat. |

structure 1.1

25

Cellular components ontology terms

-2 1 0 1
LFC(HIGH_TP63y/LOW_TP63y)

C desmosomal genes
1
1
1
7.5~ !
1
1
1
’CTJ\ 1
= 1

®©
g 50- DSC3, !
e} 1
Q DSG1 1
3 * .
g DSP. PKP4 !
%25~ KLHL24 %o ® |
S DSC2 **DSG3
POF1B 1
_________ ..___._I______.________
{ } .. |
L
°
0.0 _ ’A|
-2 -1 0 1 2

LFC(HIGH_TP63y/LOW_TP63y)

0 1 2 3
-log,,(adj_Pval)

p SWI/SNF complex genes

7.5~

5.0-

PBRM1
°

ARID1A
SMARCA2 @ QARID1B
ARID2 #SWMARCCT

o o
0.0 a3
2 - 0 1 2
LFC(HIGH_TP63y/LOW_TP63y)

-log,,(adjusted Pvalue)
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groups selected for having high or low levels of y exon which are respec-
tively associated with lower or higher patient survival (Fig. 1C). Of the 10
RBPs tested, only three (SFRS9, PTBPI, GRSFI) are differentially expressed at
the RNA level between tumors from patients with high or low y exon inclu-
sion (Fig. 3E, Wilcoxon, P < 0.05). SFRS9 expression is higher in samples
with high y exon inclusion (Wilcoxon, P = 0.0385), which is not in accor-
dance with the GTEX data where SRSF9 expression is negatively correlated
to y exon inclusion (Fig. 3D). PTBPI and GRSFI are respectively low and
high in patients with high TP63y (Wilcoxon, P = 0.0094 and P = 0.0389;

Cancer Res Commun; 2(12) December 2022

Fig. 3E). The same RBPs are negatively and positively correlated, respectively,
with y exon usage in GTEX data (Fig. 3D). Therefore, PTBP1 and GRSF1
appear to be plausible candidates for y exon regulation. However, because
GRSF1 is mainly a mitochondrial RBP and is weakly expressed in epithelial
cells (37) whereas PTBPI is a well-defined alternative splicing regulator ex-
pressed in epithelial tissues, we chose to test whether experimental depletion
of PTBP1 could enhance TP63 y exon inclusion in a panel of HNSCC cell lines
of different common tumor locations (FaDu, SCC9, SCC25, Detroit562, and
A253).
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PTBP1 Represses Endogenous TP63 y Exon Inclusion in
Squamous Carcinoma Cell Lines

Using two different antibodies, we analyzed total p63 and p63a expression by
Western blot analysis (Fig. 4A) in a panel of HNSCC cell lines. Both antibod-
ies detected a major isoform around 70 kDa, coherent with the major ANp63a
isoform (MW 66 kDa). In addition to the 70 kDa protein, the pan-p63 antibody
(4A4) detected lower molecular weight bands undetected using the a-specific
antibody (D2K8X). This suggests that isoforms other than ANp63a are present
at lower levels in the tested cells. The identity of these isoforms cannot be in-
ferred from these experiments. In parallel, we used qRT-PCR to evaluate the
abundance at the RNA level of total TP63. We estimated that global TP63 ex-
pression levels are highest in SCC25, then A253 and SCC9, then FaDu, Detroit
562, and premalignant keratinocytes HaCaT. As expected from the human pro-
tein atlas and the Western blot analysis (Fig. 4A), TP63 is only faintly detectable
in HeLa cells used as a negative control (Fig. 4B). We used isoform-specific
qRT-PCR to quantify mRNAs encoding the three predominant (a, B, y) C-
terminal isoforms. Figure 4C shows the proportions of each isoform, relative
to total TP63. In all cell types tested, the a isoform was the most abundant
ranging from 87% to 95% of total TP63 mRNA. Detroit 562 cells have the low-
est o proportion. Accordingly, B and y isoforms are in higher proportions in
Detroit 562 cells with 8% and 2.7% of each, respectively. The abundances of
the B and y isoforms are variable among the cell lines with the Detroit 562
and the SCC25 cells having the highest relative proportion of TP63y (2.8% and
1.5%, respectively) while other cell lines have all less than 1% of TP63y mRNA
(Fig. 4C).

We reduced PTBP1 levels in the five HNSCC cell lines using two different siR-
NAs. The siPTBPla was more efficient to deplete PTBP1 as can be seen from
the Western blot analysis (Fig. 4D, top), the qRT-PCR (middle), and from
the increased expression of PTBP2 which is known to be under PTBPI re-
pression (ref. 38; top, Supplementary Fig. S5). Yet, presumably because of an
existing posttranscriptional regulatory loop controlling PTBP1 protein levels
(39), achieving full depletion of PTBP1 was not possible. In all five cell lines,
depletion of PTBP1 led to a significant increase in TP63y (Fig. 4D) and a de-
crease in TP63p abundance (bottom, Supplementary Fig. S5) without affecting
total TP63 or TP63a levels (middle, Supplementary Fig. S5). The TP63y levels
are therefore inversely related to PTBPI levels. This demonstrates that PTBP1
represses the accumulation of the TP63y isoform in all five HNSCC cell lines
tested.

PTBP1Binds to TP63 Pre-mRNAs Sequences /n Vivo on
the y Exon 3'SS and CPAs

The control of TP63 splicing by PTBPI could be direct or indirect. Direct regu-
lation of TP63 splicing would require binding of PTBPI to regulatory elements
located in the pre-mRNA of interest. In silico prediction by RBPmap (40) re-
vealed several putative PTBP1 binding sites within TP63 pre-mRNA (Fig. 5A,
top). Interestingly, these sites are enriched within regions that are evolution-
ary conserved in vertebrates (Fig. 5A, bottom). This prompted us to examine
whether the potential regulation of TP63 by PTBP1 is also evolutionarily con-
served, which would highlight its fundamental importance. The exon/intron
structure of the TP63 locus is well conserved between Xenopus laevis and hu-
man with an internal terminal exon corresponding to the human y exon present
in both species (Supplementary Fig. S6A). In frog embryos (Xenopus laevis),
the depletion of Ptbpl leads to an increase of tp63y mRNA as shown by RNA-
seq (Supplementary Fig. 6B) and qRT-PCR (Supplementary Fig. S6C), and this

Cancer Res Commun; 2(12) December 2022

effect is reversed by reintroducing Ptbpl (Supplementary Fig. S6C). Hence, the
PTBP1-dependent regulation of TP63y production is a conserved phenomenon
that was already present in the common ancestor of Mammals and Amphibian

roughly 360 million years ago (41).

To confirm in vivo that PTBPI1 binds to TP63 pre-mRNAs, we immunopre-
cipitated specifically PTBPI/RNA complexes from keratinocytes (HaCaT) or
squamous cell carcinomas cell lines (SCC9) cell extracts and analyzed the pre-
mRNA content of the complexes by RT-PCR (Fig. 5B and C). The presence of
the TP63 pre-mRNA was specifically detected in input and PTBP1 immunopre-
cipitates obtained from both cell lines, but not using control Ig or beads only. To
determine whether PTBPI was preferentially associated to TP63 pre-mRNA or
mRNA, we ran qRT-PCR with primers specific to TP63 mRNAs (ex8-ex9, ex11-
12) or pre-mRNA (int10-exll, intll-ex12, int12-ex13) in HaCaT cells. As shown
in Fig. 5D, the most significant and robust enrichment was observed with the
primer pair specific to the pre-mRNA region closest to the y exon (intll-ex12).
Control RT-qPCR performed in absence of reverse transcriptase did not show
PCR amplification (Supplementary Fig. S7A). Therefore, on TP63 pre-mRNA,
PTBP1 s preferentially bound to the region that is upregulated following PTBP1
depletion.

To determine the affinity of PTBP1 for TP63 pre-mRNA sequences, we per-
formed EMSA using recombinant PTBPI (Supplementary Fig. S7) and several
fluorescently labeled RNA molecules that cover TP63 pre-mRNA in the vicinity
of exon y (see Fig. 5A for the location of the RNA fragments). Representa-
tive EMSA experiments are shown in Supplementary Fig. S7B, and the binding
curves for at least four replicate experiments per RNA are presented in Fig. 5E.
This allowed us to determine the Kd of PTBP1 for these RNAs (32). As pre-
sented in Fig. 5E, RNA fragment 1 (FRAGTI) is composed solely of B-globin
RNA sequences, FRAGT?2 is composed in part of B-globin RNA sequences and
in part of the TP63 intronic region, FRAGTS5 is located entirely in the intronic
region upstream of the y exon, FRAGT? is fully located within the y exon and
CPAl is located close to the CPA, they all remain unbound to PTBP1. FRAGTS3,
FRAGT4, FRAGTS, and CPA2 associate strongly with human PTBP1 protein
with binding affinities better than (CPA2, FRAGT6, — 60 nmol/L) or compara-
ble with (FRAGT3, FRAGT4, — 150 nmol/L) the positive PTBP1binding control
RNA (150PYWT, — 104 nmol/L; ref. 42). Mutating the UCU or UCUU motifs
to CCC or CCCC in FRAGT6 (FRAGT6MUT) drastically decreased PTBP1’s
affinity for it (6-fold increase of the Kd, compare FRAGT6 and FRAGT6MUT).
In the CPA2 RNA, we altered the PTBP1 motif to a UGUU motif rather than
CCCC to keep the UG richness required for the activity of the downstream el-
ement of the polyadenylation signals (CPA2MUT). This mutation provoked a
2-fold decrease in the affinity of PTBP1 for this sequence (Fig. 5E).

Altogether, this demonstrates the direct and sequence-specific association of
PTBP1 with regulatory regions surrounding the y exon 3'SS and CPA on
the TP63 pre-mRNA in vivo in both a noncancerous keratinocyte cell lines
(HaCaT) and a HNSCC cell line (SCC9).

PTBP1 Represses TP63 y Exon Inclusion in a Minigene
in Epithelial Cells

If PTBP1 can indeed control TP63y exon inclusion by directly binding to cis-
elements within the pre-mRNA, then the splicing of a minigene composed of
the TP63 genomic sequence should be under the control of PTBPL. To test this,
we stably transfected HaCaT cells with minigenes containing TP63 genomic

sequences within an efficient B-globin splicing context. We first tested whether
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FIGURE 4 PTBP1 controls TP63 splicing in HNSCC cell lines. A, The abundance of p63 protein was evaluated in HaCaT, Hela, and HNSCC cells by
Western blot analysis and immunodetection using a pan-p63 antibody (4A4) or a p63a-specific antibody (D2K8X; representative results of three
independent replicates). Even loading was controlled using proliferating cell nuclear antigen (PCNA) and B-tubulin antibodies as indicated. B, Total
TP63 RNA was measured by gRT-PCR with one pair of primers detecting all isoforms. Quantification was normalized to a calibration curve obtained
from TP63 plasmid DNA dilutions (n = 3). C, Quantification of TP63u, 8, or y proportions using isoform-specific primer pairs (n = 3). The amount of
each isoform was normalized by the total abundance of 7P63 mRNA as in B. D, Top, Evaluation of PTBP1 depletion by Western blot analysis, PCNA
serves as a loading control. Remaining PTBP1 levels in the three independent experiments are presented below each panel. Bottom, Quantification of
TP63y isoform and PTBP1 RNA in control and PTBP1-depleted HNSCC cell lines (n = 3). *, P < 0.05; **, P < 0.01; ***, P < 0.0071; Dunnett test.
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the PTBPI-dependent regulation we discovered in HNSCC cell lines was act-
ing in HaCaT cells on endogenous TP63. We independently depleted PTBP1 in
HaCaT cells with two different siRNAs as above. PTBP1 depletion strongly in-
creases the abundance of TP63 y exon and decreases levels of TP63p in HaCaT
cells without affecting global TP63 (TP63_all) or TP63a mRNA levels (Fig. 6A
and B) as we previously showed in HNSCC cell lines (Fig. 4D). This demon-
strates that, like in HNSCC cell lines, the accumulation of the endogenous

TP63y isoform is repressed by PTBP1 in HaCaT keratinocytes.

We generated four HaCaT cell lines stably expressing TP63 minigenes in WT
and mutated versions. The mutated variants of the minigenes harbor the muta-

Cancer Res Commun; 2(12) December 2022

tions depicted in the gel shift experiment (Fig. 5E) on the 3'SS, the CPA or both
(3ssCPA). The structure of the minigene is shown in Fig. 7A. When expressed
in the cells, measuring splicing of the junction of exon E2 to exon y (E2y) ac-
counts for the production of the y isoform. We decreased PTBPI levels (RNA
levels are shown in Fig. 7B and protein levels in Supplementary Fig. S8A) in
these minigene-expressing HaCaT cell lines. We quantified endogenous TP63
isoforms (Supplementary Fig. S8B) and TP63 minigene splicing by qRT-PCR
(Fig. 7B). It is worth noting that the PTBP1-dependent regulation of the en-
dogenous TP63 RNA is identical in all four HaCaT cell lines (Supplementary
Fig. S8B). The WT TP63 minigene produces about 30% of E2y RNA as quan-
tified by qQRT-PCR (Fig. 7B, PSI). Mutations of the PTBP1 binding sites close
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by two different siRNA. We show here a representative experiment of a triplicate. B, qRT-PCR quantification of endogenous PTBPI, PTBP2, TP63all and
TP63a, B, and y isoforms levels after sSiRNA-mediated PTBP1 depletion. n = 3; *, P < 0.05; **, P < 0.01; ***, P < 0.001; Dunnett test (n = 3, Dunnet test).

to the 3'SS completely abolish the splicing between E2 and the y terminal exon
(Fig. 7B, 3SS, 3SSCPA) compared with the WT or CPA minigene. This proba-
bly indicates that the replacement of all the UCU/UCUU motifs by CCC/CCCC
sequences drastically affect the recognition of the 3'SS signal of the terminal y
exon. In the siCTRL or siLUC conditions, the minigene harboring mutations of
PTBP1 binding sites on the CPA alone produced 40% of E2y RNA, to compare

to the 30% inclusion from the W'T minigene.

Upon depletion of PTBPI, the 3'SS and 3SSCPA mutant remained unaffected,
in agreement with the mutated 3'SS being inoperative. Both the WT and the
CPA mutant are responsive to PTBP1 depletion. Following PTBP1 depletion,
the splicing between exon E2 and the y terminal exon increased about 2-fold
in both the WT and the CPA mutant minigenes (Fig. 7B). To better assess the
amplitude of the PTBP1-dependent regulation, we plotted a Delta PSI value cal-
culated as the fold difference of exon y inclusion between treatment conditions
and the reference condition (siCTRL). We then tested whether there were any
significant differences between the Delta PSI of the WT minigene and that of
the mutated minigene. As can be observed on Fig. 7C, both siRNAs targeting
PTBPI1 promoted efficient inclusion of the y exon on the WT whereas the con-
trol siLuc treatment barely changed inclusion of E2y for the different minigenes.

AACRJournals.org

Interestingly, a decreased dynamic of exon vy inclusion on the CPA minigene
could be observed in the most potent conditions of PTBPI depletion (Fig. 7C,
SiP1A). This indicates that the PTBP1-binding site close to the CPA contributes

to PTBP1-mediated repression of exon y inclusion.

These experiments demonstrate that the genomic regions surrounding the y
terminal exon are sufficient to allow for its PTBP1-dependent regulation. Mu-
tational analysis demonstrates that the PTBP1 binding sites are intermingled
with elements that define the 3'SS and that mutations over the CPA region that
decrease the affinity of this region for PTBP1 can promote a better inclusion of
the y exon in control conditions. Mutations that partially reduce the affinity of
PTBPI for the CPA render the minigene less sensitive to PTBP1 depletion.

As summarized in Fig. 8, these data reveal that in HNSCC, PTBP1 controls
TP63y exon inclusion by binding to discrete and conserved regulatory elements
located in this pre-mRNA region. In normal and cancerous epithelial cell lines
where PTBPI is abundantly expressed, it reduces the inclusion of the y exon
and therefore decreases the abundance of the TP63y isoform. The increase of
TP63y isoform is correlated to a repression of some epithelial marker genes and
to a decreased survival probability of patients with HNSCC.
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Di scu ssion new routes of tumor classification or treatment (44). Here, we identify for the

first time an RBP that controls the balance between different splice isoforms of

Alternative splicing misregulation is emerging as a major theme in the alter- TP63, a key gene involved in squamous cell carcinoma and especially HNSCC.

ation of gene expression observed during the cancerous process (43) and offers We demonstrate using a variety of approaches that PTBP1 inhibits the synthesis
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of the TP63y isoform. PTBP1 is generally known as an inhibitor of the splicing
or polyadenylation reactions. The multiple RNA-recognition motifs of PTBP1
and its possible multimerisation on its targets offer multiple modes of interac-
tion (45). PTBPI can cause internal exon skipping by binding to the pre-mRNA
on either side of the regulated exon, creating a loop that impairs spliceosome
recognition (46) PTBPI also regulates tandem CPA usage, which corresponds
to the situations where several consecutive CPAs are present on the same ter-
minal exon (47). Here, we reveal a third type of splicing event that is controlled
by PTBPI, where a terminal exon (exon ), defined by a 3’SS and a CPA, is in
competition with a downstream classical internal exon defined by a 5'SS and a
3'SS. We show that PTBPI-binding regions are present on either side of exon
y. Interactions between splicing factors involved in the recognition of the 3'SS
and the CPA bound factors are central in the efficient processing of terminal
exon (48). We therefore propose that by binding to both the 3'SS and the CPA,
PTBPI interferes with the ability of trans-acting factors to interact with their
target sequences and therefore impedes their ability to define the y exon.

The regulation of TP63 splicing, which is mediated by PTBPI, has strong conse-
quences in HNSCC. We show by analysis of TCGA data that TP63y is associated
with poor HNSCC patient outcome. This suggests that the different isoforms
of p63 can have different functions in cancer cells. The genomic structure of
the TP63 gene is evolutionarily conserved. It is also at least partly the case for
the regulation of TP63 splicing, as we show here that PTBP1 similarly controls
TP63y production in humans and Xenopus. However, only 15/37 (40.5%) amino
acids of the y-specific peptides are conserved between these two species, while
the overall identity of ANp63a proteins is 85%. This strong divergence makes
it unlikely that the y-specific peptide has any conserved functions by itself.
Rather, the putative specific functions of the p63y isoform probably rely on the
lack of the 231 amino acids that are present in the C-terminal region of p63a.
p63 forms homotetramers or heterotetramers composed of various p63 or p73
proteins (49). We can hypothesize that the p63y isoform, because it is devoid
of the TA, SAM and TID domains, affects the activity of the p63 tetramer in a

dominant-negative manner (50).

Even in patients classified as expressing “high” levels of TP63y, the proportion
of that isoform relative to the other isoforms and especially TP63a is only a few
percent. How then can this low amount act as dominant negative? First, the abil-
ity of an alternative isoform to affect the function of a protein complex generally
increases with the number of monomers composing the complex (51). Second,
the moderate amount of TP63y RNA does not necessarily imply such a low
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Mesenchymal

p63a

Epithelial

FIGURE 8 PTBPI-dependent regulation of TP63y in HNSCC. Graphical abstract of the main conclusion and hypothesis. Left side, PTBP1 by binding
on 3’SS and CPA of the alternative terminal exon y repress its inclusion in the mature RNA. Right side, upon decreased PTBP1 expression, accumulation
of TP63y promotes formation of TP63 o/y heterotetramers that repress desmosomal genes expression in primary tumors, alter epithelial
characteristics, and promote an unfavorable prognostic.

p63y protein level. Expression experiments showed that ANp63y is the most
stable p63 isoform in Hep3B cells (50). This may be due to ANp63y being de-
prived of the Fbw7 E3 ligase PD and of some of the lysine residues (K494, K505)
involved in ubiquitinylation and destabilization of p63a (12, 52). Being able to
quantify the y isoform at the protein level would therefore be of high inter-
est. Unfortunately, no y-specific antibody is currently available. State-of-the-art
mass spectroscopy may allow for isoform-specific quantification of protein in
the near future and solve the important question of the amount of p63y in can-
cer cells (53). In patients, an interesting alternative could be the detection of
potential isoform-specific autoantibodies, as recently shown for another TP53

family member, TP73, in patients with colorectal carcinoma (54).

As a likely dominant negative of a transcription complex, p63y very probably
shapes the transcriptome of cancer cells. This prediction will have to be tested
by transcriptomic approaches following manipulations of p63y levels in cul-
tured cells. However, correlation analyses in TCGA datasets already revealed
putative targets of p63y, such as genes encoding component of the chromatin
remodeling complex SWI/SNE, or even direct p63 target genes as the ones en-
coding components of the desmosomes. Mutations in nine different SWI/SNF
genes are collectively found in 25% of all cancer types (35). These mutations are
frequently postulated to be loss-of-function mutations (55). We observe that, in
patients’ tumors with a high proportion of TP63y isoform, six SWI/SNF genes
belonging to the ones found mutated in HNSCC are repressed. This suggests
that downregulation of SWI/SNF genes can be part of the disease process in
patients with a high proportion of TP63y and a poor prognosis, with a po-
tential for therapeutic opportunities (reviewed in ref. 56). The expression of
most desmosomal genes is also reduced in primary tumors of patients with
high TP63y. Finding that p63y potentially represses the expression of desmoso-
mal genes is in agreement with nonfunctional p63 variants where mutations are
located mainly in the C-terminal region of p63 and are responsible for Anky-
loblepharon Ectodermal Defects Cleft lip/palate associated with desmosomal
gene repression (57). Loss of desmosomes is an indication of the loss of epithe-
lial characteristics of these primary tumors. This is consistent with the impact
of p63y on promotion of a more mesenchymal state, as demonstrated in a breast
cancer cell line (34) and in a three-dimensional organotypic model of invasion
(17). EGFR inhibitors such as cetuximab are used in patients with late-stage
HNSCC. They stimulate the reexpression of desmosomal genes (58). However,
only a subset of patient with HNSCC respond to EGFR inhibitors and no spe-
cific feature can predict which ones (59). Together, these and our observations
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make it tempting to speculate that the TP63y isoform levels may allow for the
definition of patients that could benefit from an early use of EGFR inhibitors.

While our work identified regulatory elements and factor controlling TP63y
production, much work remains needed to fully address the transcriptional
functions and physiopathologic consequences of this conserved C-terminally

truncated isoform of TP63.

Authors’ Disclosures

W. Taylor reports grants from La Ligue contre le cancer during the conduct
of the study. L. Paillard reports grants from Ligue contre le cancer during the

conduct of the study. No disclosures were reported by the other authors.

Authors’ Contributions

W. Taylor: Conceptualization, investigation, writing-review and editing. S.
Deschamps: Investigation. D. Reboutier: Investigation. L. Paillard: Con-
ceptualization, funding acquisition, investigation, writing-review and editing.

A. Méreau: Conceptualization, supervision, investigation, writing-review and

References

1. Mills AA, Zheng B, Wang XJ, Vogel H, Roop DR, Bradley A. p63 is a p53 ho-
mologue required for limb and epidermal morphogenesis. Nature 1999;398:
708-13.

2. Soares E, Zhou H. Master regulatory role of p63 in epidermal development and
disease. Cell Mol Life Sci 2018;75: 1179-90.

3. Brunner HG, Hamel BCJ, van Bokhoven Hv H. P63 gene mutations and human
developmental syndromes. Am J Med Genet 2002;112: 284-90.

4. Bankhead A, McMaster T, Wang Y, Boonstra PS, Palmbos PL. TP63 isoform
expression is linked with distinct clinical outcomes in cancer. EBioMedicine
2020;51: 102561.

5. Smirnov A, Anemona L, Novelli F, Piro CM, Annicchiarico-Petruzzelli M, Melino
G, et al. p63 is a promising marker in the diagnosis of unusual skin cancer. Int J
Mol Sci 2019;20: 5781.

6. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y,
et al. International Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society international multidisciplinary classifica-
tion of lung adenocarcinoma. J Thorac Oncol 2011;6: 244-85.

7. Amin MB, Epstein JI, Ulbright TM, Humphrey PA, Egevad L, Montironi R, et al.
Best practices recommendations in the application of immunohistochemistry
in urologic pathology: report from the International Society of Urological
Pathology consensus conference. Am J Surg Pathol 2014;38: 1017-22.

8. Lakshmanachetty S, Balaiya V, High WA, Koster MI. Loss of TP63 promotes the
metastasis of head and neck squamous cell carcinoma by activating MAPK and
STAT3 signaling. Mol Cancer Res 2019;17: 1279-93.

9. Belyi VA, Ak P, Markert E, Wang H, Hu W, Puzio-Kuter A, et al. The origins and
evolution of the p53 family of genes. Cold Spring Harb Perspect Biol 2010;2:
a001198.

10. Lane DP,Madhumalar A, Lee AP, Tay BH, Verma C, Brenner S, et al. Conservation
of all three p53 family members and Mdm2 and Mdm4 in the cartilaginous fish.
Cell Cycle 2011;10: 4272-9.

1. Suh EK, Yang A, Kettenbach A, Bamberger C, Michaelis AH, Zhu Z, et al. p63
protects the female germ line during meiotic arrest. Nature 2006;444: 624-8.

12. Galli F, Rossi M, D’Alessandra Y, De Simone M, Lopardo T, Haupt Y, et al. MDM2
and Fbw7 cooperate to induce p63 protein degradation following DNA damage
and cell differentiation. J Cell Sci 2010;123: 2423-33.

Cancer Res Commun; 2(12) December 2022

editing. Y. Audic: Conceptualization, software, formal analysis, supervision,

writing-original draft, project administration, writing-review and editing.

Acknowledgments

This work was funded by grants from the Ligue Régionale contre le cancer
(comité 22, 29, 35) supporting L. Paillard, Y. Audic, A. Méreau, S. Deschamps,
D. Reboutier. W. Taylor was financed by a Contrat Doctoral from the Univer-
sité de Rennes I. The authors wish to thank Christophe Tascon (IGDR-protein
purification and analysis) for purification of the hsPTBP1 protein and Tiffany
Yen Kway for her help with the correlation script.

Note

Supplementary data for this article are available at Cancer Research Comm-

unications Online (https://aacrjournals.org/cancerrescommun/).

Received October 17, 2022; revised November 22, 2022; accepted November 23,
2022; published first December 20, 2022.

13. McGrath JA, Duijf PH, Doetsch V, Irvine AD, de Waal R, Vanmolkot KR, et al.
Hay-Wells syndrome is caused by heterozygous missense mutations in the SAM
domain of p63. Hum Mol Genet 2001;10: 221-9.

14. Coutandin D, Osterburg C, Srivastav RK, Sumyk M, Kehrloesser S, Gebel J,
et al. Quality control in oocytes by p63 is based on a spring-loaded activation
mechanism on the molecular and cellular level. Elife 2016;5: €13909.

15. Straub WE, Weber TA, Schéfer B, Candi E, Durst F, Ou HD, et al. The C-terminus
of p63 contains multiple regulatory elements with different functions. Cell
Death Dis 2010;1: e5.

16. Wolff S, Talos F, Palacios G, Beyer U, Dobbelstein M, Moll UM. The a /B carboxy-
terminal domains of p63 are required for skin and limb development. New
insights from the Brdm2 mouse which is not a complete p63 knockout but
expresses p63 y-like proteins. Cell Death Differ 2009;16: 1108-17.

17. Srivastava K, Pickard A, Craig SG, Quinn GP, Lambe SM, James JA,
et al. Anp63y/Src/Slug signaling axis promotes epithelial-to-mesenchymal
transition in squamous cancers. Clin Cancer Res 2018;24: 3917-27.

18. Curtis KM, Aenlle KK, Frisch RN, Howard GA. TAp63y and ANp63f promote
osteoblastic differentiation of human mesenchymal stem cells: regulation by
vitamin D3 metabolites. PLoS One 2015;10: e0123642.

19. Cefalu S, Lena AM, Vojtesek B, Musarod A, Rossi A, Melino G, et al. TAp63gamma
is required for the late stages of myogenesis. Cell Cycle 2015;14: 894-901.

20. Bhave SL, Teknos TN, Pan Q. Molecular parameters of head and neck cancer
metastasis. Crit Rev Eukaryot Gene Expr 2011;21: 143-53.

21. Pokorna Z, Vyslouzil J, Hrabal V, Vojtések B, Coates PJ. The foggy world(s) of
p63 isoform regulation in normal cells and cancer. J Pathol 2021;254: 454-73.

22. Herzel L, Ottoz DSM, Alpert T, Neugebauer KM. Splicing and transcription touch
base: co-transcriptional splicecosome assembly and function. Nat Rev Mol Cell
Biol 2017;18: 637-50.

23. Fu XD, Ares M Jr. Context-dependent control of alternative splicing by RNA-
binding proteins. Nat Rev Genet 2014;15: 689-701.

24. Dusek RL, Attardi LD. Desmosomes: new perpetrators in tumour suppression.
Nat Rev Cancer 2011;11: 317-23.

25. Paris J, Osborne HB, Couturier A, Le Guellec R, Philippe M. Changes in
the polyadenylation of specific stable RNA during the early development of
Xenopus laevis. Gene 1988;72: 169-76.

https://doi.org/10.1158/2767-9764.CRC-22-0350 | CANCER RESEARCH COMMUNICATIONS

€202 Ae\ 2| uoisanb Aq ypd-0GE0-22-210/€22582E/6991/2 L /2/pd-a|o1e/unwwodsaisoued/bio sjeuinofioee//:dyy wouy papeojumoq


https://aacrjournals.org/cancerrescommun/

26.

27.

28.

29.
30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Noiret M, Mottier S, Angrand G, Gautier-Courteille C, Lerivray H, Viet J, et al.
Ptbp1 and Exosc9 knockdowns trigger skin stability defects through different
pathways. Dev Biol 2016;409: 489-501.

Nieuwkoop PD, Faber J. Normal table of Xenopus Laevis (Daudin): a system-
atical and chronological survey of the development from the fertilized egg till
the end of metamorphosis. New York, NY: Garland Publisher; 1994. p. 252.
Ryan M, Wong WC, Brown R, Akbani R, Su X, Broom B, et al. TCGASpliceSeq a
compendium of alternative mRNA splicing in cancer. Nucleic Acids Res 2016;44:
D1018-22.

Bland JM, Altman DG. The logrank test. BMJ 2004;328: 1073.

Cook KB, Kazan H, Zuberi K, Morris Q, Hughes TR. RBPDB: a database of RNA-
binding specificities. Nucleic Acids Res 2011;39: D301-8.

Clerte C, Hall KB. Characterization of multimeric complexes formed by the
human PTB1 protein on RNA. RNA 2006;12: 457-75.

Ryder SP, Recht MI, Williamson JR. Quantitative analysis of protein-RNA
interactions by gel mobility shift. Methods Mol Biol 2008;488: 99-115.
Campbell JD, Yau C, Bowlby R, Liu Y, Brennan K, Fan H, et al. Genomic, pathway
network, and immunologic features distinguishing squamous carcinomas. Cell
Rep 2018;23:194-212.

Lindsay J, McDade SS, Pickard A, McCloskey KD, McCance DJ. Role of
DeltaNp63gamma in epithelial to mesenchymal transition. J Biol Chem
2011;286: 3915-24.

Kadoch C, Hargreaves DC, Hodges C, Elias L, Ho L, Ranish J, et al. Proteomic and
bioinformatic analysis of mammalian SWI/SNF complexes identifies extensive
roles in human malignancy. Nat Genet 2013;45: 592-601.

Lonsdale J, Thomas J, Salvatore M, Phillips R, Lo E, Shad S, et al. The Genotype-
Tissue Expression (GTEXx) project. Nat Genet 2013;45: 580-5.

Jourdain AA, Koppen M, Wydro M, Rodley CD, Lightowlers RN, Chrzanowska-
Lightowlers ZM, et al. GRSF1 regulates RNA processing in mitochondrial RNA
granules. Cell Metab 2013;17: 399-410.

Spellman R, Llorian M, Smith CWJ. Crossregulation and functional redundancy
between the splicing regulator PTB and its paralogs nPTB and ROD1. Mol Cell
2007;27: 420-34.

Wollerton MC, Gooding C, Wagner EJ, Garcia-Blanco MA, Smith CWJ. Autoreg-
ulation of polypyrimidine tract binding protein by alternative splicing leading
to nonsense-mediated decay. Mol Cell 2004;13: 91-100.

Paz |, Kosti I, Ares M, Cline M, Mandel-Gutfreund Y. RBPmap: a web server
for mapping binding sites of RNA-binding proteins. Nucleic Acids Res 2014;42:
W361-67.

Hellsten U, Harland RM, Gilchrist MJ, Hendrix D, Jurka J, Kapitonov V, et al.
The genome of the western clawed frog xenopus tropicalis. Science 2010;328:
633-6.

Hamon S, Le Sommer C, Mereau A, Allo MR, Hardy S. Polypyrimidine tract-
binding protein is involved in vivo in repression of a composite internal/3’
-terminal exon of the Xenopus alpha-tropomyosin Pre-mRNA. J Biol Chem
2004;279: 22166-75.

El Marabti E, Younis I. The cancer spliceome: reprograming of alternative
splicing in cancer. Front Mol Biosci 2018;5: 80.

AACRJournals.org

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

PTBP1 Controls TP63 Alternative Splicing in HNSC Tumor Cells

Bonnal SC, Lépez-Oreja |, Valcarcel J. Roles and mechanisms of alternative
splicing in cancer — implications for care. Nat Rev Clin Oncol 2020;17: 457-
74.

Oberstrass FC, Auweter SD, Erat M, Hargous Y, Henning A, Wenter P, et al.
Structure of PTB Bound to RNA: specific binding and implications for splicing
regulation. Science 2005;309: 2054-7.

Spellman R, Smith CWJ. Novel modes of splicing repression by PTB. Trends
Biochem Sci 2006;31: 73-6.

Gruber AJ, Schmidt R, Ghosh S, Martin G, Gruber AR, van Nimwegen E, et al.
Discovery of physiological and cancer-related regulators of 3’ UTR processing
with KAPAC. Genome Biol 2018;19: 44.

Kyburz A, Friedlein A, Langen H, Keller W. Direct interactions between subunits
of CPSF and the U2 snRNP contribute to the coupling of pre-mRNA 3’ end
processing and splicing. Mol Cell 2006;23: 195-205.

Gebel J, Luh LM, Coutandin D, Osterburg C, Lohr F, Schafer B, et al.
Mechanism of TAp73 inhibition by ANp63 and structural basis of p63/p73
hetero-tetramerization. Cell Death Differ 2016;23: 1930-40.

Petitjean A, Ruptier C, Tribollet V, Hautefeuille A, Chardon F, Cavard C, et al.
Properties of the six isoforms of p63: p53-like regulation in response to
genotoxic stress and cross talk with ANp73. Carcinogenesis 2008;29: 273-
8l.

Bergendahl LT, Gerasimavicius L, Miles J, Macdonald L, Wells JN, Welburn JPI,
et al. The role of protein complexes in human genetic disease. Protein Sci
2019;28: 1400-11.

Prieto-Garcia C, Hartmann O, Reissland M, Braun F, Fischer T, Walz S, et al.
Maintaining protein stability of ANp63 via USP 28 is required by squamous
cancer cells. EMBO Mol Med 2020;12: 11101

Lau E, Han Y, Williams DR, Thomas CT, Shrestha R, Wu JC, et al. Splice-
junction-based mapping of alternative isoforms in the human proteome. Cell
Rep 2019;29: 3751-65.

Garranzo-Asensio M, Guzman-Ardanguez A, Povés C, Fernandez-Acefiero MJ,
Montero-Calle A, Ceron MA, et al. The specific seroreactivity to ANp73 isoforms
shows higher diagnostic ability in colorectal cancer patients than the canonical
p73 protein. Sci Rep 2019;9: 13547.

Orlando KA, Nguyen V, Raab JR, Walhart T, Weissman BE. Remodeling the
cancer epigenome: mutations in the SWI/SNF complex offer new therapeutic
opportunities. Expert Rev Anticancer Ther 2019;19: 375-91.

Mittal P, Roberts CWM. The SWI/SNF complex in cancer - biology, biomarkers
and therapy. Nat Rev Clin Oncol 2020;17: 435-48.

Ferone G, Mollo MR, Thomason HA, Antonini D, Zhou H, Ambrosio R, et al. p63
control of desmosome gene expression and adhesion is compromised in AEC
syndrome. Hum Mol Genet 2013;22: 531-43.

Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al. Radiotherapy
plus cetuximab for squamous-cell carcinoma of the head and neck. N Engl J
Med 2006;354: 567-78.

Tsien Cl, Nyati MK, Ahsan A, Ramanand SG, Chepeha DB, Worden FP, et al.
Effect of erlotinib on epidermal growth factor receptor and downstream sig-
naling in oral cavity squamous cell carcinoma. Head Neck 2013;35: 1323-30.

Cancer Res Commun; 2(12) December 2022

€202 Ae\ 2| uoisanb Aq ypd-0GE0-22-210/€22582E/6991/2 L /2/pd-a|o1e/unwwodsaisoued/bio sjeuinofioee//:dyy wouy papeojumoq

1683




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


