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ABSTRACT 

p63 is a clinically-relevant transcription factor heavily involved in development and 
disease. Mutations in the p63 DNA-binding domain lead to severe developmental defects and 
overexpression of p63 plays a role in the progression of epithelial-associated cancers. 
Unraveling the specific biochemical mechanisms underlying these phenotypes is made 
challenging by the presence of multiple p63 isoforms and their shared and unique contributions 
to development and disease. Here, we explore the function of the p63 isoforms ΔNp63ɑ and 
ΔNp63β to determine the contribution of C-terminal splice variants on known and unique 
molecular and biochemical activities. Using RNA-seq and ChIP-seq on isoform-specific cell 
lines, we show that ΔNp63β regulates both canonical ΔNp63ɑ targets and a unique set of genes 
with varying biological functions. We demonstrate that the majority of genomic binding sites are 
shared, however the enhancer-associated histone modification H3K27ac is highly enriched at 
ΔNp63β binding sites relative to ΔNp63ɑ. An array of ΔNp63β C-terminal mutants demonstrates 
the importance of isoform-specific C-terminal domains in regulating these unique activities. Our 
results provide novel insight into differential activities of p63 C-terminal isoforms and suggest 
future directions for dissecting the functional relevance of these and other transcription factor 
isoforms in development and disease. 
 
INTRODUCTION 
 

The transcription factor p63, encoded by the TP63 gene, is essential for the 
development and homeostasis of the epidermis and epithelial-derived tissues (Fisher et al., 
2020; Di Girolamo et al., 2024). TP63 knockout mice exhibit severe craniofacial, limb, and 
epidermal defects, leading to neonatal lethality (Yang et al., 1998, p. 63; Mills et al., 1999). 
Heterozygous mutations in the DNA binding domain of TP63 are linked to several human 
disorders including Ectrodactyly, Ectodermal dysplasia and Cleft lip/palate (EEC) (Celli et al., 
1999; van Bokhoven et al., 2001). Mutations across other TP63 exons result in a range of 
disorders with underlying dysfunction in epithelial cell biology (Di Girolamo et al., 2024). 
Consistent with the observed organism-level phenotypes, p63 transcription factor activity is 
required for epithelial lineage commitment and self-renewal (Li et al., 2023). These activities 
include interaction with gene regulatory elements like enhancers and promoters, control of local 
and long-distance chromatin structure, and transcriptional regulation of a pro-epithelial gene 
expression network (Fessing et al., 2011; Kouwenhoven et al., 2015; Li et al., 2019; Lin-Shiao et 
al., 2019). EEC patient-derived keratinocytes display dysregulated epidermal and epithelial-
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specific genes and an altered regulatory element landscape (Qu et al., 2018). Thus, 
understanding the mechanisms of gene regulation and molecular activities of p63 is crucial due 
to its significant impact on epithelial biology and human health. 

 
TP63 is expressed as several isoforms, through a combination of alternative promoter 

usage and alternative C-terminal splicing. The major isoforms include two N-terminal variants, 
TA and ΔN, and at least four C-terminal splice variants (ɑ,β,γ,Δ), yielding 8 isoforms (Murray-
Zmijewski et al., 2006; Sethi et al., 2015; Marshall et al., 2021). An additional N-terminal 
isoform, GTAp63ɑ, contains an elongated N-terminal domain relative to TAp63 and is 
predominantly expressed in male germ cells (Pitzius et al., 2019). Most prior analyses of p63 
function primarily focused on the TAp63ɑ and ΔNp63ɑ isoforms. TAp63ɑ, expressed in oocytes 
and during late keratinocyte differentiation, performs p53-like functions in maintaining genome 
integrity by inducing apoptosis after DNA damage (Suh et al., 2006; Livera et al., 2008). Studies 
using knockout mice and in vitro cell culture approaches have shown that ΔNp63ɑ is the N-
terminal isoform primarily responsible for developmental and epithelial-related defects and for 
controlling epithelial-related gene and chromatin networks (Mills et al., 1999; Yang et al., 1999; 
Suh et al., 2006; Su et al., 2009; Wolff et al., 2009). Further highlighting the importance of p63ɑ 
isoforms, the human disorder Ankyloblepharon-ectodermal defects-cleft lip/palate (AEC) is 
caused by heterozygous mutations in the alpha-specific SAM domain (McGrath et al., 2001). 
However, the specific contribution of individual ΔNp63 C-terminal isoforms to various 
developmental and transcriptional phenotypes is not fully resolved. Since most TP63 knockout 
mouse models target the DNA binding domain, shared across all known isoforms, analysis of 
isoform-specific epithelial phenotypes or molecular activities has been complicated.  

 
In vitro and cell-based analyses have identified some unique activities of the C-terminal 

p63 isoforms. The alpha-specific C-terminus inhibits transcription of the TA isoform and likely 
controls gene repression activities of ΔNp63ɑ (LeBoeuf et al., 2010; Ramsey et al., 2011; 
Coutandin et al., 2016; Pitzius et al., 2019). All other C-terminal variants lack this domain, 
including ΔNp63β, which has increased transcriptional activity in vitro and has increased anti-
proliferative activity in cell models relative to other C-terminal isoforms (Helton et al., 2006, 
2008). Meta-analysis of RNA-seq and other targeted expression analyses suggest that ΔNp63β 
is expressed in similar cell types as ΔNp63ɑ, albeit at lower levels (Sethi et al., 2015; Marshall 
et al., 2021). In vivo, ΔNp63β complements some ΔNp63ɑ function in Trp63-/- mice, such as 
transcriptional control of basal epithelial genes keratin 5 (K5) and keratin 14 (K14) (Romano et 
al., 2009). Mice heterozygous for deletion of Trp63 exon 13, containing the SAM domain, have 
increased expression of ΔNp63β. Although there was no disruption of epidermal-related 
development, co-expression of ΔNp63ɑ and ΔNp63β led to female germ cell apoptosis and 
ovarian insufficiency presumably through increased transcriptional activity of ΔNp63β (Lena et 
al., 2021). Therefore, the limited experimental investigation into p63 C-terminal isoforms 
suggests both shared and isoform-specific unique activities, and the specific mechanisms that 
confer those differences are not fully explored.  

 
We sought to further investigate p63 C-terminal variant activity, focusing on functional 

differences between ΔNp63ɑ and ΔNp63β. Our data suggest that ΔNp63β is capable of carrying 
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out many canonical ΔNp63ɑ functions, but has increased transcriptional activity and a unique 
gene regulatory network. These differences in gene regulation are unlikely due to differences in 
genomic binding, but rather likely reflect differential activity at regulatory elements, including 
more widespread induction of enhancer-associated H3K27ac. Our data also provide evidence 
that  ΔNp63β activity requires a protein domain shared with ΔNp63ɑ and ΔNp63Δ, but that is 
uniquely critical in ΔNp63β in combination with a β-specific 5 amino acid C-terminal domain. 
Thus, our data provide additional support for the observation that ΔNp63ɑ and ΔNp63β share 
limited roles in control of epithelial-related gene regulation and provide novel insight into the 
genomic and molecular mechanisms by which ΔNp63β may control unique biological functions 
through increased transcriptional activity.  

 
RESULTS 
 
The ΔNp63β isoform exhibits high transcriptional activity 
 

N-terminal p63 isoforms encode two different N-terminal transactivation domains 
(TADs). The TAp63 isoforms have a well-characterized and highly active N-terminal TAD similar 
in structure to the p53 N-terminal TAD (Fig. 1A). ΔNp63 isoforms contain a unique 14 amino 
acid N-terminal region generated by an alternative transcriptional start site (Yang et al., 1998) 
(Fig. 1B). The absence of the canonical N-terminal TAD in ΔNp63 isoforms is thought to reduce 
transactivation relative to TA isoforms (Dohn et al., 2001), although the specific contribution of 
isoform-specific C-terminal domains to transcriptional control and observed biological activity is 
not fully characterized. To better understand the differences in function between C-terminal 
isoforms (Fig. 1A,B), we measured relative transcriptional activity of each p63 isoform using a 
reporter assay encoding a defined, synthetic p63 response regulatory element (RE). Each 
isoform, along with a negative control vector, was transfected into HCT116 TP53-/- colon 
carcinoma cells to avoid potential crosstalk with p53-dependent transcriptional activity (Fig. 
1C,D). The sequence and GenBank/UniProt accession number for each isoform is available in 
Table S1.  TA isoforms were all capable of activating transcription driven by the wild-type 
p63RE, but not a reporter containing a mutant p63RE (Fig. 1E). TAp63ɑ activated transcription 
over background levels, although its activity was at least 10-fold lower than the other three 
isoforms (Fig.1E). Activity of the TA β, γ, and Δ isoforms was similar, suggesting the absence of 
the TID is more important to their activity than the inclusion of any isoform-specific domains. 
These results are broadly consistent with prior work noting high activity of TAp63 isoforms and 
auto-inhibition of TAp63ɑ by the C-terminal inhibitory domain (TID). ΔNp63ɑ, ΔNp63γ, and 
ΔNp63Δ all exhibited similar levels of transactivation in contrast to the behavior of these C-
terminal isoforms of TAp63 (Fig. 1F). ΔNp63β, however, was nearly 30-fold more active 
compared to the other ΔN isoforms. This β-specific increase in transactivation relative to 
ΔNp63γ, and ΔNp63Δ  isoforms was not observed for TAp63β, suggesting a potentially unique 
mechanism driving activity of the ΔNp63β isoform.  
 
RNA-seq analysis reveals shared and unique roles for ΔNp63β 
 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 3, 2024. ; https://doi.org/10.1101/2024.12.03.626646doi: bioRxiv preprint 

https://www.zotero.org/google-docs/?ypKgF7
https://www.zotero.org/google-docs/?OJB4SE
https://doi.org/10.1101/2024.12.03.626646
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Limited data are available comparing global gene expression programs controlled by 
p63 isoforms. The unique temporal and spatial expression patterns of these isoforms provide a 
challenge for determining their biological function and transcriptional regulation in vivo (Marshall 
et al., 2021). ΔNp63β has been reported to phenocopy certain roles of ΔNp63ɑ, but also has 
striking differences in transactivation potential (Fig. 1F). Therefore, we sought a better 
understanding of the differences between these two p63 isoforms by examining their gene 
regulatory potential. The likelihood that p63 isoforms can form mixed heterotetramers can 
complicate dissection of isoform-specific roles (Yin et al., 2002; Guo et al., 2024). Therefore, we 
performed bulk transcriptome profiling using RNA-seq to compare the differential gene 
expression between HCT116 TP53-/-  cells expressing either ΔNp63ɑ or ΔNp63β under 
doxycycline inducible conditions (Fig. 2A). These cells do not natively express any p63 isoforms 
and also lack other p53 family members, thus any transcriptome changes can be more easily 
attributed to the specific isoform being expressed. PolyA+ RNA was isolated and sequenced 
using standard short-read, Illumina sequencing approaches. Transcript abundance within the 
ENSEMBL v.104 reference was quantified using kallisto and differential gene expression values 
(no induction vs. 24 hour doxycycline induction) were determined using DESeq2. Differentially 
expressed genes were called with a Bonferonni-corrected P-value of less than 0.05. Principal 
Component Analysis (PCA) demonstrates that biological replicates cluster together and that 
ΔNp63ɑ and ΔNp63β are in distinct clusters (Fig. S1A).  
 

ΔNp63β induction leads to a greater number of differentially expressed genes relative to 
ΔNp63ɑ (Fig. 2B-C), consistent with increased ΔNp63β-dependent transcriptional activation in 
reporter assays (Fig. 1F). Gene ontology analysis of differentially upregulated genes shows 
shared functions in epidermis and skin development, tissue morphogenesis and epithelial and 
epidermal cell differentiation, suggesting ΔNp63β has the ability to carry out activities 
canonically associated with ΔNp63ɑ (Fig. 2E). A full list of gene ontology results can be found in 
Table S2. Both ΔNp63ɑ and ΔNp63β induce genes involved in other canonical p53 family 
activities, such as regulation of programmed cell death (Fig. 2F). ΔNp63ɑ and ΔNp63β 
downregulated genes involved in cell proliferation, cell migration, and epithelial cell 
differentiation (Fig. S1D), which supports a model whereby these two p63 isoforms share 
certain overlapping transcriptional roles.  
 

Our data suggest that ΔNp63ɑ and ΔNp63β regulate a set of common gene targets (Fig. 
2D, Fig. S1B) and that these genes are involved in canonical p63-dependent processes (Fig. 
2E-F, Fig. S1D). The dramatic increase in ΔNp63β-specific genes (Fig. 2D, Fig. S1B) and a 
unique set of ΔNp63ɑ targets suggests these isoforms may also have key differences in target 
gene regulation and biological activity.  142 genes were uniquely upregulated by ΔNp63ɑ and 
686 were unique to ΔNp63β (Fig. 2D). Unique GO terms for these differentially expressed 
genes for ΔNp63β show potential activities controlling anabolic processes, such as ribosome 
biogenesis, translation, and peptide synthesis (Fig. 2G). Uniquely downregulated ΔNp63β gene 
targets (Fig. S1B) were clustered into GO terms suggesting ΔNp63β-dependent control of cell 
cycle and cell division (Fig. S1C). GO terms associated with unique ΔNp63ɑ upregulated genes 
involve regulation of epithelial morphogenesis and cytoskeleton organization in addition to 
negative regulation of Notch signaling (Fig. 2G). p63 and Notch have a known, antagonistic 
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relationship in epithelial cell regulation (Nguyen et al., 2006; Yalcin-Ozuysal et al., 2010; Tadeu 
and Horsley, 2013). Downregulated ΔNp63ɑ targets are associated with a range of unique 
Gene Ontology categories (Fig. S1C), including multiple groups suggesting control of epithelial 
cell and keratinocyte cell differentiation. Taken together, our analysis of ΔNp63ɑ and ΔNp63β-
regulated genes suggests shared transcriptional roles in well-studied, p63-dependent processes 
but also unique transcriptional targets that may underlie isoform-specific biological activities.  
 
ChIP-seq analysis reveals predominantly shared binding sites for ΔNp63ɑ and ΔNp63β 
 

Differential gene expression analysis suggests that ΔNp63ɑ and ΔNp63β regulate both 
an overlapping group of genes as well as isoform-specific targets. ΔNp63β regulates more 
genes than ΔNp63ɑ in our analysis. While consistent with increased transactivation by ΔNp63β 
in reporter assays (Fig. 1F), these observations may not fully explain differences in gene 
regulation. To further explore the mechanisms of the expanded ΔNp63β target gene network, 
we performed ChIP-seq of ΔNp63ɑ and ΔNp63β to ask whether differential regulation is linked 
to differential genomic binding (Fig. 3A). We performed these assays in HCT116 TP53-/- cells 
(Fig. 2A) to match the RNA-seq results and to prevent the possibility of endogenous ΔNp63ɑ 
confounding downstream analysis. Resulting ChIP-seq data were aligned to the hg38 reference 
genome using HiSat2 (Kim et al., 2019). Regions of enrichment were called relative to p63 ChIP 
from HCT116 TP53-/- expressing GUS, our negative control, using macs2 and peaks from 
biological replicates were merged after filtering for locations within the hg38 blacklist regions 
(Amemiya et al., 2019). ΔNp63ɑ and ΔNp63β share 26,818 genomic binding sites (Fig. 3A). 
ΔNp63ɑ (10,185) and ΔNp63β (9.209) each have a unique set of binding sites, although these 
unique binding events  are relatively low in enrichment in comparison to their shared binding 
sites (Fig. 3A-B). While ΔNp63ɑ is more enriched in binding sites called as unique in ΔNp63ɑ 
(Fig. 3A), ΔNp63β enrichment is present above the negative control background. Conversely, 
ΔNp63ɑ signal is enriched relative to negative background control in unique ΔNp63β binding 
sites. These data suggest ΔNp63ɑ and ΔNp63β bind to largely similar locations, but that 
isoform-specific preferences may drive higher enrichment at specific genomic loci.  

 
We next performed a series of DNA motif analyses to further characterize genomic 

binding preferences of ΔNp63ɑ and ΔNp63β. Canonical, JASPAR-derived p53 family motifs 
(p53,p63, and p73) are more common in shared binding sites compared to either ΔNp63ɑ or 
ΔNp63β-enriched locations (Fig. 3C). ΔNp63β binding sites are more highly enriched for p53, 
p63, and p73 motifs than ΔNp63ɑ using either JASPAR-defined motifs or when using HOMER 
to assess enrichment relative to genomic background (Fig. 3C-D). AP-1 family bZIP 
transcription factor motifs, commonly enriched in gene regulatory elements and associated with 
chromatin accessibility, are significantly more enriched in ΔNp63ɑ binding sites than in ΔNp63β 
(Fig. 3E). CTCF motifs are more commonly found in ΔNp63ɑ sites (Fig. 3E), consistent with 
prior reports of cooperation between ΔNp63ɑ and CTCF in gene regulation (Qu et al., 2019). 
Overall, our genomic occupancy and motif enrichment analyses demonstrate key differences in 
binding locations and transcription factor motif enrichment at ΔNp63ɑ and ΔNp63β binding 
sites. The differences in genomic occupancy and the presence of other TF motifs near p63 
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binding sites provides an additional potential mechanism underlying differential gene expression 
regulation by ΔNp63 C-terminal isoforms. 
 
The genomic occupancy of ΔNp63ɑ and ΔNp63β is associated with shared and unique 
regulation of gene expression  
 

Although ΔNp63ɑ or ΔNp63β share considerable overlap in their genomic binding, we 
observe isoform-specific enrichment at a set of genomic locations. We asked if shared or 
isoform-specific ΔNp63ɑ and ΔNp63β binding locations were linked to specific groups of gene 
targets. We used the polyEnrich approach which links binding locations to genes and then 
performs gene set enrichment to determine whether these binding events cluster into related 
Gene Ontology categories (Welch et al., 2014; Lee et al., 2020). The Top 10 Gene Ontology 
Biological Process (GOBP) terms associated with shared binding sites of ΔNp63ɑ or ΔNp63β 
are primarily associated with development of the epithelium and morphogenesis (Fig. 4F), 
canonical activities of p63. These GO terms are also strongly enriched for ΔNp63ɑ and 
ΔNp63β-specific locations suggesting that these unique binding sites contribute to some well-
known biological functions attributed to p63. The most statistically enriched gene sets 
associated with only shared sites contain some developmental and epithelial terms, but also 
multiple terms related to programmed cell death (Fig. 4G). Supporting the use of this approach 
linking binding events to gene sets, we observe highly similar gene ontology groups when 
examining genes induced by ΔNp63ɑ and ΔNp63β in our RNA-seq analysis (Fig. 2E-F). Gene 
sets uniquely linked to ΔNp63ɑ-specific binding are primarily associated with cell adhesion, 
protein transport, and cytoskeletal organization (Fig. 4H), biological processes also suggested 
to be regulated by ΔNp63ɑ in our RNA-seq analysis (Fig. 2F-G). polyEnrich analysis suggests 
ΔNp63β-specific binding is linked to genes related to cell cycle regulation and 
inflammatory/immune processes (Fig. 4I) (Lee et al., 2020). A full list of polyEnrich results is 
available in Table S3. Thus these data, combined with our prior RNA-seq-based gene set 
enrichment work, suggest that unique genomic locations for ΔNp63ɑ and ΔNp63β are 
associated with specific groups of genes with different biological activities. Further, shared 
ΔNp63ɑ and ΔNp63β binding events are linked to canonical p63-dependent activities like 
regulation of epithelial development and regulation of cell death and proliferation.  
 

To further explore the link between binding of p63 isoforms and gene regulation, we 
asked whether the location and distance of either ΔNp63ɑ or ΔNp63β ChIP-seq binding sites to 
transcriptional start sites (TSS) of upregulated, downregulated or unchanged genes from the 
RNA-seq data (Fig. 3F) might correlate with differential gene regulation. For both ΔNp63ɑ (Fig. 
4A) and ΔNp63β (Fig. 4B), ChIP-seq binding sites are significantly closer to TSS’s for both up 
and downregulated genes than unregulated genes. ΔNp63ɑ binding sites are closer to 
upregulated genes TSS than ΔNp63β (Fig. 4A vs. 4B), although whether this approximate 6kB 
difference is meaningful in vivo is unknown. We then asked whether the isoform-specific binding 
events are linked to specific transcriptional differences between ΔNp63ɑ and ΔNp63β. Genes 
activated by both ΔNp63ɑ and ΔNp63β are significantly closer to shared binding sites than 
either unique ΔNp63ɑ or ΔNp63β sites (Fig. 4C). Shared binding events are also significantly 
closer to either ΔNp63ɑ-specific (Fig. 4D) or ΔNp63β-specific (Fig. 4E) gene targets than 
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isoform-specific binding events. ΔNp63ɑ-specific binding events are significantly closer to 
unique ΔNp63ɑ gene targets than ΔNp63β-specific binding events (Fig. 4D). This statistical 
significance is not preserved between ΔNp63β-specific genes and binding events. Our data 
suggest that isoform-specific binding is likely only a minor contributor to differential gene 
expression driven by ΔNp63ɑ and ΔNp63β, and that binding sites that are shared between 
ΔNp63ɑ and ΔNp63β are associated with both shared and isoform-specific gene regulation.  
 
ΔNp63β binding correlates with increased H3K27ac relative to ΔNp63ɑ  
 

ΔNp63ɑ and ΔNp63β bind to highly similar, although not identical, genomic locations. 
Differential binding is associated with minor variations in the enrichment of transcription factor 
motifs.  ΔNp63β has a stronger preference for canonical p53 family motifs and ΔNp63ɑ binding 
sites are more enriched with canonical AP-1 family motifs common in regulatory elements (Fig. 
3D-E). ΔNp63ɑ activity is a pioneer factor and is involved in establishment and maintenance of 
epithelial-specific enhancers (Fessing et al., 2011; Bao et al., 2015; Karsli Uzunbas et al., 2019; 
Li et al., 2019). Isoform-specific binding is only weakly correlated with differential gene 
expression, as the majority of specific transcriptional differences are associated with common 
binding events (Fig. 4C-E). We therefore examined whether regulatory element activity at 
unique and shared p63 binding sites might correlate with the observed differences in gene 
expression between ΔNp63ɑ and ΔNp63β. We performed biological replicate ChIP-seq 
experiments for the histone modification H3K27ac, an established proxy for regulatory element 
activity, in HCT116 TP53-/- cell lines expressing either a negative control, ΔNp63ɑ, or ΔNp63β. 
These cells do not endogenously express p53, a strong, constitutive activator, which can 
influence H3K27ac and transcriptional dynamics at p63 binding sites.  Thus, any changes in 
local chromatin should reflect local p63 isoform activity.   
 

We observe high concordance in H3K27ac enriched regions (peaks) across control, 
ΔNp63ɑ and ΔNp63β-induced conditions (Fig. 5A). Less than 15% of either ΔNp63ɑ or ΔNp63β 
binding events overlap an H3K27ac peak in the negative control cell line (Fig. 5B-C). This is 
substantially lower than the greater than 75% overlap between ΔNp63ɑ binding sites and 
H3K27ac observed in the basal epithelial cell line MCF10A (Karsli Uzunbas et al., 2019). The 
percentage of p63 sites intersecting H3K27ac increases slightly in ΔNp63ɑ and ΔNp63β-
induced conditions (Fig. 5B-C), suggesting that binding of these isoforms might be related to 
changes in H3K27ac enrichment. We next examined the intersection of p63 isoforms with 
H3K27ac peaks shared or uniquely enriched in isoform-specific cell lines. Approximately 12% of 
H3K27ac peaks found across control, ΔNp63ɑ, and ΔNp63β-induced conditions are bound by 
either ΔNp63ɑ (Fig. 5D) or ΔNp63β (Fig. 5E), and this co-occupancy drops dramatically at 
H3K27ac peaks found in common across control and either ΔNp63ɑ or ΔNp63β conditions. 
ΔNp63ɑ-specific H3K27ac peaks are more likely to be occupied by ΔNp63ɑ (12%) than those 
H3K27ac peaks found in p63-deficient conditions (4.3%)(Fig. 5D). Strikingly, we observe a near 
10-fold increase (33% vs. 3.5%) in H3K27ac peaks found uniquely after ΔNp63β induction that 
are occupied by ΔNp63β relative to control H3K27ac (Fig. 5E). This increase in co-occupancy is 
similar at H3K27ac enriched regions found in ΔNp63ɑ and ΔNp63β conditions, but not in control 
(Fig. 5E). We then examined H3K27ac dynamics at either ΔNp63ɑ or ΔNp63β binding sites by 
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comparing H3K27ac enrichment in isoform-specific conditions relative to negative controls. 
H3K27ac enrichment increases at least 2-fold at 556 ΔNp63ɑ binding sites (Fig. 5F) and at 
1,851 ΔNp63β sites (Fig. 5G), whereas loss of H3K27ac after p63 binding is virtually non-
existent. Although ΔNp63ɑ binding sites see an increase in H3K27ac enrichment, the gain in 
H3K27ac is more pronounced at ΔNp63β binding sites, consistent with our peak-based analysis 
(Fig. 5D-E). 
 

We then investigated H3K27ac and p63 binding dynamics by examining specific 
genomic loci near known target genes. The IRF6 gene is activated by both ΔNp63ɑ or ΔNp63β. 
IRF6 is regulated by an upstream enhancer bound by p63, and loss of p63-dependent enhancer 
activity is associated with epithelial dysfunction and cleft palate in humans and mice (Rahimov 
et al., 2008; Thomason et al., 2010). Both ΔNp63ɑ and ΔNp63β bind to this upstream enhancer 
element and we observe a strong, binding site-specific gain in H3K27ac relative to negative 
control conditions (red box, Fig. 5H). This gain in H3K27ac only after p63 binding suggests a 
p63-dependent increase in IRF6 enhancer activity that is associated with IRF6 expression, and 
that this ability is shared by both isoforms. ΔNp63β, and not ΔNp63ɑ, uniquely induces 
expression of the epithelial-specific microRNA MIR205 in HCT116 TP53-/- even though both p63 
isoforms are capable of binding to nearby regulatory elements (Fig. 5I). Interestingly, only 
ΔNp63β binding is associated with increased H3K27ac enrichment at epithelial-specific 
regulatory regions (MCF10A H3K27ac, bottom, Fig. 5I). Occupancy of ΔNp63ɑ and ΔNp63β 
regulatory elements linked to other known p63-regulated genes S100A2 (Fig. S2A), ZNF750 
(Fig. S2B), and SFN (Fig. S2C) are not associated with dynamic H3K27ac enrichment, 
suggesting that gains in H3K27ac at p63-bound regulatory elements are not strictly required for 
p63-dependent gene regulation. Taken together, our analysis of H3K27ac dynamics at p63 
binding sites suggests a shared ability of ΔNp63ɑ and ΔNp63β to regulate local H3K27ac 
dynamics at gene regulatory elements, but that ΔNp63β unique relationship with H3K27ac 
enrichment may relate to its increased number of gene regulation targets.  
 
The TAD2 and Δ5 domains are critical for high transcriptional activity and target gene 
expression of ΔNp63β 
 

ΔNp63ɑ and ΔNp63β share a set of gene targets, have highly similar genomic 
occupancy, and can both increase regulatory element activity, but the mechanisms that confer 
differential gene regulation are not clear. ΔNp63β has higher transcriptional activity in reporter 
assays, regulates a larger number of gene targets, and its genomic binding is associated with 
novel gains in H3K27ac at gene regulatory elements. Because their genomic binding profiles 
were highly similar (Fig. 3A) and were not strongly associated with differences in gene 
expression (Fig. 4C-E) , we reasoned that differences between ΔNp63ɑ and ΔNp63β likely lie in 
unique C-terminal domains. ΔNp63ɑ and ΔNp63β both share a second transactivation domain, 
or “TAD2”, located from AA 356-456, directly after the oligomerization domain. ΔNp63β also has 
five unique, C-terminal amino acids “Δ5” (AA 457-461) and lacks the SAM and ID domain found 
in ΔNp63ɑ. To determine the extent to which unique and shared domains contribute to p63β 
function, we created a series of C-terminal mutants in both ΔNp63β and TAp63β and tested 
their ability to activate transcription.  
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We cloned ΔTAD2, which removed the entire C-terminal region after the oligomerization 

domain (Fig. 6A) and Δ5, which removes the p63β-specific 5 amino acids at the C-terminus 
(Fig. 6A) and demonstrated expression in HCT116 TP53-/- cells (Fig. 6B). We then tested their 
ability to activate transcription of reporter (nanoLuciferase) downstream of a synthetic p63-
response element derived from a regulatory element controlling the SFN gene (Hermeking et 
al., 1997). Deletion of either TAD2 or the Δ5 regions in TAp63β does not reduce transcriptional 
activity, and we observe a minor increase in the Δ5 mutant (Fig. 6C). We cannot rule out that 
this gain in transcriptional activity is due to increased expression of TAp63βΔ5 relative to wild-
type TAp63β (Fig. 6B), but clearly, neither TAD2 or the β-specific 5AA C-terminus are required 
for transactivation by TAp63β (Fig. 6C). However, we observed clear requirements for these two 
domains for ΔNp63β activity. Deletion of the TAD2 region of ΔNp63β eliminates nearly all 
transcriptional activity (Fig. 6D), while removing β-specific 5AA domain significantly reduces the 
ability of ΔNp63β to activate this reporter (Fig. 6D). These data indicate the unique requirement 
of the C-terminal domains within ΔNp63β, but not TAp63β for transcriptional activation.  
 

We then sought to determine if these C-terminal domains are required for ΔNp63β 
activity to regulate native target genes and not only an artificial reporter system. To this end, we 
created HCT116 TP53-/- cell lines expressing either WT ΔNp63β, ΔNp63βΔTAD2, or ΔNp63βΔ5 
(Fig. 6E) and measured expression of either shared ΔNp63 genes or ΔNp63β-specific targets. 
ΔNp63β lacking TAD2 does not activate expression of ΔNp63β-specific target genes KRT5 (Fig. 
6F), MDM2, MIR205HG, SNAI2 or IL1A (Fig. S3A-D). KRT5 is specifically activated by ΔNp63β 
despite similar ΔNp63ɑ and H3K27ac enrichment (Fig. 6H). The ability of ΔNp63βΔ5 mutant to 
activate these target genes is reduced relative to wild-type (Fig. 6F, Fig. S3A-D), indicating the 
β-specific 5AA domain contributes to unique ΔNp63β activities. For target genes of both 
ΔNp63ɑ and ΔNp63β, we observe a similar trend where TAD2 and the β-specific 5AA are 
required for full transactivation by ΔNp63β (Fig. 6G). Full activation of JAG2 (Fig. 6G) by 
ΔNp63β requires the β-specific 5AA, with ΔNp63βΔ5 displaying activity equivalent to ΔNp63ɑ 
which lacks this domain. TAD2, found in both ΔNp63ɑ and ΔNp63β, is required for ΔNp63β-
dependent JAG2 and FAT2 expression (Fig. S4B). The ΔNp63βΔTAD2 mutant activates FAT2 
gene expression to about the same extent as ΔNp63ɑ, but substantially less than WT ΔNp63β, 
suggesting that TAD2 is not required for ΔNp63ɑ-dependent transactivation. Our results 
suggest that TAD2 and a β-specific 5AA C-terminal domain are critical for transcriptional 
activation by ΔNp63β and likely contribute to gene regulatory differences between ΔNp63 C-
terminal isoforms.  
 
ΔNp63β contains a unique, β-specific TAD at its C-terminus  
 

p63ɑ and p63β isoforms contain the TAD2 domain, located after the oligomerization 
domain from position 356-456 (relative to ΔN isoforms). We demonstrated this domain is critical 
for transcriptional activation of reporter genes and of native p63 targets by ΔNp63β. On the 
contrary, TAp63β activity is unaffected when the TAD2 domain is deleted (Fig. 6C). ΔNp63Δ 
contains a partial TAD2 domain (AA 356-408) and a unique C-terminal extension, but displays 
weak transactivation in reporter systems (Fig. 1F). We also noted the p63β-specific 5AA C-
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terminal domain is required for full transcriptional activation by ΔNp63β. To further explore 
biological activities conferred by the p63β-specific C-terminus, we expressed a series of C-
terminal p63 variants (Fig. 7A-B) and tested their ability to activate transcription of a p63-
dependent reporter in HCT116 TP53-/- cells.   
 

We first asked whether the β-specific 5AA C-terminal domain might act as a third TAD, 
as it is required for full transactivation of ΔNp63β and is the only domain unique to ΔNp63β 
compared to ΔNp63ɑ. Mutant 1 removes TAD2 (AA356-456) from ΔNp63β, leaving the 5AA C-
terminus directly next to the OD. Mutant 1 has weak activity when compared to WT ΔNp63β, 
and is comparable to ΔNp63Δ. These data suggest that the β-specific 5AA C-terminal domain is 
likely not an independent TAD. ΔNp63ɑ, ΔNp63β, and ΔNp63Δ share AAs 356-408 of TAD2, 
while AAs 409-456 are unique to ΔNp63ɑ and ΔNp63β (Fig. 7A). To determine the importance 
of these regions of TAD2 for ΔNp63β function, we created additional ΔNp63β variants which 
lack either AAs 409-456 (Mutant 2) or lack AAs 356-408 (Mutant 5), which is shared in ΔNp63ɑ, 
ΔNp63β, and ΔNp63Δ. Mutant 2 and Mutant 5 had comparable activity and displayed an 
approximately 3-fold decrease in transactivation compared to WT ΔNp63β (Fig. 7C). 
Importantly, both Mutant 2 and Mutant 5 are more active than either Mutant 1 or ΔNp63Δ, 
suggesting p63ɑ and p63β-specific AA 409-456 contributes to transcriptional activation.  
 

ΔNp63Δ is less transactivating than Mutant 2, despite the only difference being the 
presence of unique C-terminal domains. ΔNp63Δ has eight unique amino acids on its C-
terminus, compared to the 5AA specific to ΔNp63β. Removal of the 8 Δ-specific amino acids 
from ΔNp63Δ increases transactivation (Mutant 4) compared to WT ΔNp63Δ (Fig. 7C) 
suggesting these residues may repress transcription. This repressive effect of the ΔNp63Δ-
specific 8AA C-terminus is supported by Mutant 3, where the Δ-specific domain is swapped for 
the 5AA β-specific domain. Mutant 3 activity is comparable to both ΔNp63Δ and Mutant 1, which 
lacks the entire TAD2 domain. Interestingly, removal of AA 356-408 from ΔNp63Δ (Mutant 6) is 
comparable to WT ΔNp63Δ further suggesting that the Δ-specific 8AA C-terminus likely 
represses the activity of TAD2 AA356-408. Our analysis of C-terminal variants of ΔNp63β 
suggests both AAs 356-408 and 409-456 are critical for full activity of ΔNp63β, but that AAs 
409-456 require the presence of the 5AA β-specific C-terminus. Thus, while this β-specific 5AA 
C-terminus likely does not work independently in transcriptional activation, it appears to 
cooperate with 409-456 to form a unique, β-specific TAD.  
 
DISCUSSION 

 
Genetic dissection of p63 activity has strongly implicated ΔNp63ɑ as essential for the 

establishment and maintenance of epithelial identity. However, the contribution of other p63 
isoforms to these key biological activities remains largely unclear. Previous studies suggest that 
ΔNp63β can complement specific ΔNp63ɑ activities in vivo and possesses unique growth 
suppression abilities compared to ΔNp63ɑ. The specific mechanisms driving these behaviors, 
however, have not been fully explored. In this study, we analyze the genetic and molecular 
basis of differential gene expression networks driven by the C-terminal p63 isoforms ΔNp63ɑ 
and ΔNp63β. Our work confirms prior studies demonstrating that ΔNp63β has an increased 
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ability to activate transcription driven by p63-responsive regulatory elements relative to ΔNp63ɑ 
and other C-terminal isoforms (Fig. 1F) (Helton et al., 2006). ΔNp63β contains a unique C-
terminus relative to other isoforms that is required for transcriptional activation and control of a 
ΔNp63β-specific gene network (Fig. 6D,F. Fig. S3A-D). Although the functional impact of this 
increased transcriptional activation potential of ΔNp63β is not yet resolved, our data suggest 
key molecular and biochemical events that may provide clues into the observed differences 
between isoforms.  

 
ΔNp63ɑ and ΔNp63β regulate a shared set of gene targets canonically associated with 

p63 activity, such as genes involved in epidermis development, tissue morphogenesis, and 
control of apoptosis (Fig. 2E). Despite higher activity in reporter assays (Fig. 2D), we did not 
observe universally higher RNA induction by ΔNp63β for these shared target genes. Both 
ΔNp63ɑ and ΔNp63β regulate specific gene networks (Fig. 2D,G). They bind to numerous 
shared genomic loci, and these shared sites are more closely associated with p63-induced gene 
expression than sites bound preferentially by a single isoform (Fig. 4C-E). This is true even for 
genes uniquely controlled by either isoform (Fig. 4D-E). The genomic location and occupancy of 
isoform-specific binding events suggest that isoform-specific binding plays only a modest role in 
differential transcriptional activity (Fig. 4D-E) relative to shared binding events. Thus, differential 
genomic occupancy of ΔNp63ɑ and ΔNp63β is unlikely to explain most isoform-specific gene 
regulatory events. This suggests that context-dependent, isoform-specific activity at shared 
gene regulatory elements may control differential gene expression potential. 
 

Binding of ΔNp63ɑ or ΔNp63β to the genome correlates with increased enrichment of 
H3K27ac, a hallmark of regulatory element activity. We assayed p63 binding and H3K27ac 
enrichment in HCT116 TP53-/- cell lines lacking endogenous expression of both p53 and p63, 
allowing the analysis of p63 isoform-specific gene regulation, genomic binding, and chromatin 
dynamics. Increased enrichment of H3K27ac is more pronounced and widespread for ΔNp63β, 
with numerous ΔNp63ɑ and ΔNp63β binding sites gaining H3K27ac enrichment only after 
binding by ΔNp63β. Therefore, one mechanism underlying differential gene expression by 
ΔNp63ɑ and ΔNp63β may be an increased in the ability of ΔNp63β to effect changes in local 
chromatin structure at gene regulatory elements. The specific molecular mechanisms underlying 
p63-dependent regulation of local and long-distance chromatin structure, including H3K27ac 
deposition, are not yet fully known (Kouwenhoven et al., 2015; Li et al., 2019; Lin-Shiao et al., 
2019). ΔNp63ɑ directly interacts with HDAC1 and HDAC2 via the ɑ-specific TID which may 
contribute to lower local H3K27ac (LeBoeuf et al., 2010; Ramsey et al., 2011). Both ΔNp63ɑ 
and ΔNp63β interact with the acetyl-binding and transcriptional co-activator protein BRD4 to 
regulate keratinocyte-specific gene expression (Foffi et al., 2024). Ultimately, a deeper 
investigation into the shared and isoform-specific molecular mechanisms of gene regulation is 
required better understand the context-dependent differences and biological activities of 
ΔNp63ɑ and ΔNp63β.    

 
Our data suggest that the increased transcriptional activity of ΔNp63β relative to ΔN 

isoforms is likely due to the second transactivation domain (TAD2) and the β-specific inclusion 
of a uniquely activating C-terminal domain. The five amino acid, β-specific C-terminus is 
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necessary for full transcriptional activation by ΔNp63β (Fig. 6D). Recent work suggests a short, 
β isoform-specific domain is crucial for activity of the p63β paralog p73β (Li et al., 2024). This 
five amino acid, C-terminal domain in p73β was necessary for both TAp73β and ΔNp73β, 
whereas our results suggest this domain may be dispensable for transcriptional activation of 
TAp63β. Both studies suggest the short β-specific domain of p73 and p63 works in conjunction 
with amino acids in a domain directly upstream (Fig. 7B-C). Although loss of the β-specific 
domain reduces transcriptional activity, replacement of this domain with the short, p63Δ-specific 
C-terminus completely ablates transcriptional activity, and removal of this Δ-specific C-terminus 
from ΔNp63Δ significantly increases transactivation ability. Thus, it appears the Δ-specific C-
terminal domain may confer unique, transcriptional repression properties on ΔNp63Δ. 
TAp63β,γ, and Δ are all strongly transactivating compared to TAp63ɑ, whereas only ΔNp63β 
displays high transactivation potential across the ΔN isoforms (Fig. 1E-F). These observations 
suggest p63 C-terminal splice variants may have differential effects on TA and ΔN isoforms, like 
for p63ɑ. The ɑ-specific SAM and TI domains inhibit TAp63ɑ by adopting a unique inhibitory 
conformation, but independently repress ΔNp63ɑ through interactions with co-repressor 
proteins or via ubiquitin-mediated degradation (Ghioni et al., 2002; Serber et al., 2002; Li et al., 
2008; Pecorari et al., 2022). Our results provide evidence that the broadly expressed p63 C-
terminal variant ΔNp63β controls a unique gene regulatory network compared to ΔNp63ɑ 
through a β-specific C-terminus.  How different C-terminal splice variants, and their included or 
excluded protein domains, elicit unique biological activities across p63 isoforms remains an 
open question. These and other recent data provide further evidence for p63 isoform-specific 
biological function, and future work should focus on resolving the spatial and temporal context 
for these differential activities.  
 
MATERIALS AND METHODS 
 
Cell Culture 
 HCT116 TP53-/- cells were cultured in McCoys media (Gibco, #16-600-082) 
supplemented with 10% FBS (Corning, #35-016-CV) and 1% penicillin-streptomycin (Gibco, 
#15240-062). Human embryonic kidney cell line HEK293FT were cultured in Dulbecco’s 
Modified Eagle’s Medium 1X (Corning 10-013-CV) and supplemented with 10% FBS and 1% 
penicillin-streptomycin. For doxycycline inducible cell lines, doxycycline was added at 500ng/ml 
24 hours before collection. All cell lines were cultured at 37˚C and 5% CO2.  
 
Plasmids and Cloning 

 p63 isoform plasmids were originally obtained from Twist Biosciences, whereby they 
were either cloned into pcDNA3.1 mammalian expression vector for transient expression or 
pCW57.1 lentiviral vector for integrated, doxycycline inducible expression. GUS control plasmid 
was provided as part of the LR Clonase II enzyme kit (Invitrogen 11791020). Due to the design 
of the Twist plasmids, AgeI sites were cloned into the pcDNA3.1 MCS via site-directed 
mutagenesis, and p63 isoforms were cloned by restriction digest of AgeI and BglII (BamHI) sites 
and ligation into pcDNA3.1. For pCW57.1, p63 isoforms in pENTR Twist backbone (Twist 
Biosciences) were cloned via Gateway cloning using LR Clonase enzyme. All mutants were 
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cloned via site directed-mutagenesis or HiFi assembly and full plasmid sequencing was 
performed using Plasmidsaurus. All primers and plasmid information are listed in Table S1.  
 
Lentiviral Production 

HEK293FT cells were seeded at a density of 600,000 cells in a 6-well plate. One 
microgram of pCW57.1 lentiviral plasmid was transfected along with 600ng psPAX2 and 400ng 
pMD2.G (pCW57.1 was a gift from David Root, Addgene plasmid # 41393 ; 
http://n2t.net/addgene:41393 ; RRID:Addgene_41393), psPAX2, and pMD2.G (psPAX2 and 
pMD2.G were a gift from Didier Trono, Addgene plasmid # 12260 ; http://n2t.net/addgene:12260 
; RRID:Addgene_12260) were obtained from Addgene). Lentiviral supernatant was collected at 
24 and 48 hours. Cell lines to be infected were seeded at a density of 400,000 and infected with 
viral supernatant that was concentrated using spin dialysis, along with 8ug/ml polybrene. Viral 
supernatant was removed from cells after 24 hours and replaced with fresh media. Forty-eight 
hours after infection, cell lines infected with pCW57.1 vectors were selected with 2ug/ml 
puromycin for 72 hours. 
 
Western Blotting 

Protein was isolated using custom made RIPA buffer (50 mM Tris-HCl pH 7.4, 150 mM 
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1mM EDTA, 1% Triton x-100) 
supplemented with protease inhibitor (Pierce, 78442). Concentration of isolated protein was 
measured using a microBCA kit (Pierce, 23227) and 25µg was loaded on a 4-12% Bis-Tris 
protein gel (Invitrogen, NP0321BOX). Protein size was analyzed using PageRuler™ Prestained 
Protein Ladder (Thermo 26616). Membranes were blocked in 5% non-fat milk in TBS-T. 
Antibodies used included rabbit  anti-ΔNp63 antibody (Cell Signaling E6Q3O), mouse anti-
TAp63 (BioLegend 938102), rabbit anti-p63 DBD (abcam97865), and rabbit anti-GAPDH 
antibody (Cell Signaling D16H11). 

 
Reporter assays 

The BDS-2,3 p63 responsive element from the SFN gene was cloned into the pGL4.24 
vector (Hermeking et al., 1997). Luciferase assays were carried out using Nano-Glo® Dual-
Luciferase® Reporter Assay System (Promega #1620). HCT116 TP53-/- cells were seeded at a 
density of 50,000 cells in a 96-well plate and transfected via reverse transfection. PGL4.24 
firefly vector (GenBank® Accession Number: DQ904456) was used as reporter backbone and 
pNL1.1 nanoluciferase, with constitutive PGK promoter, (Promega #N1441) was used as a 
normalizing control vector. p63 isoforms and isoform mutants cloned into the  pcDNA3.1 vector 
were transiently reverse transfected alongside reporter gene constructs (Polyplus #101000046) 
at a concentration of 200ng for isoform constructs and 180ng for luciferase constructs. 
 
RNA isolation and RT-qPCR 

RNA isolation was carried out using Quick RNA Miniprep kit (Zymo, #R1055) and cDNA 
was generated (Thermo 4368813). qPCR was performed using iTaq Universal SYBR Green 
Supermix (Bio-Rad #1725121) and utilizing the relative standard curve method. qPCR primers 
are listed in Table S1.  
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Gene Expression Analysis using RNA-seq 
Doxycycline-inducible ΔNp63ɑ, ΔNp63β, or a negative control (Gus) HCT116 TP53-/-  

cells were generated using lentiviral transduction as described above. For each cell type, three 
biological replicates for each isoform or control cell line were seeded at a density of 400,000 
cells. The day after seeding, doxycycline (500ng/mL) was added to induce protein expression. 
Twenty-four hours after induction cell pellets were collected and RNA isolation was carried out 
as described above. RNA-seq compatible libraries were constructed after polyA-selection and 
sequenced on an Illumina HiSeq 2000 by Azenta. Reads were quantified using kallisto in 
bootstrap mode (n=100) against the Ensembl transcriptome (v. 104) and differentially-
expressed genes were called using DeSeq2 (Love et al., 2014; Bray et al., 2016).  
 
ChIP-seq of p63 and H3K27ac 

ΔNp63ɑ, ΔNp63β and GUS negative control cell line were seeded and treated with 
500ng/ml doxycycline for 24 hours. Twenty-five million HCT116 TP53-/- cells per replicate and 
two biological replicates were prepared using Diagenode iDeal ChIP-seq kit for Transcription 
Factors (Diagenode #C01010170). Samples were fixed with 1% formaldehyde for 10 minutes 
followed by quenching with 250mM glycine. Chromatin was sheared using the Diagenode 
Bioruptor Plus for 50 cycles (30s on/off). Antibodies used include anti-ΔNp63 antibody (Cell 
Signaling E6Q3O), and anti-H3K27ac antibody (Diagenode C15410196). DNA sequencing 
libraries were prepared using the NEBNext Ultra II DNA Library prep kit using standard 
protocols. Samples were sequenced using a NextSeq 2000 (2x50bp) at the University at Albany 
Center for Functional Genomics. Paired-end sequencing reads were aligned to the human hg38 
reference genome using HiSat2 (Kim et al., 2019) with unaligned reads omitted from the 
resulting output (--no-unal). Aligned reads were sorted by position and converted to bam format 
using samtools (Li et al., 2009).  Regions of enrichment (peaks, q-value <= 0.01) for p63 were 
called with p63 ChIP-seq from empty vector-expressing HCT116 TP53-/- cells as a background 
control using macs2 (Zhang et al., 2008).  H3K27ac peaks were called without background 
controls. Peaks within problematic genomic regions were removed based on the ENCODE 
blacklist using bedtools (Amemiya et al., 2019). Peak intersection analysis was performed using 
bedtools with any overlap considered a positive intersection, and peaks from biological 
replicates were merged to create a high-confidence peak set before downstream analysis and 
comparison with additional datasets (Quinlan and Hall, 2010).  Venn diagrams for peak 
intersection analysis were generated using intervene (Khan and Mathelier, 2017). Heatmaps, 
bigwig files, and quantification of read enrichment within regions of interest were generated 
using deeptools2 (Ramírez et al., 2016). Gene ontology analysis was performed using 
metascape on a local Docker installation (Zhou et al., 2019).  Complete Gene Ontology (GO) 
analysis can be found in Table S2.    
 
ChIP-seq, motif enrichment, and nearest gene analysis 
 Motif enrichment within p63 peak regions was performed using a size and GC-matched 
genomic background using findMotifsGenome script from HOMER (Heinz et al., 2010). p53 
family motifs in the hg38 reference genome were identified using JASPAR motif models (p53: 
MA0106.3, p63: MA0525.2, p73: MA0861.1) identified using scanMotifGenomeWide package in 
HOMER and then merged with p63 peak locations (Castro-Mondragon et al., 2022). Genes or 
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transcriptional start sites nearest to p63 binding sites were identified using closestBed from the 
R-implementation of bedtools (bedtoolsr, v.2.30.0-5) and statistics were calculated using the 
rstatix package (0.7.2). The polyEnrich module of the R implementation of chipEnrich (v.2.26.0) 
was used to examine Gene Ontology of TSS nearest p63 binding sites (Welch et al., 2014).  
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Figure 1:  Relative transcriptional activity of the p63 isoforms. A) Schematic of the four 
TAp63 isoforms and the four B) ΔNp63 isoforms. C) Western blot protein expression of the 
TAp63 and D) ΔNp63 isoform constructs in pcDNA backbone transiently transfected into 
HCT116 TP53-/- cells using isoform specific antibodies. E) Reporter assay of the four TAp63 
isoforms and the F) four ΔNp63 isoforms on a p63 responsive regulatory element (green) and a 
mutant (grey) p63 regulatory element in HCT116 TP53-/- cells. Negative control for western blot 
and reporter assay is an empty pcDNA backbone. (*: p-value <.05, ****: p-value < 0.0001, 
ns=not significant, Two-way ANOVA). 
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Figure 2: RNA-seq analysis identifies transcriptional targets of ΔNp63ɑ and ΔNp63β. A) 
Western blot for p63 (ΔN-specific domain) or GAPDH from HCT116 TP53-/- cells expressing 
either ΔNp63ɑ or ΔNp63β after 24 hour doxycycline induction. Volcano plot of differentially 
expressed genes after induction of B) ΔNp63ɑ or C). Red points represent differentially 
expressed genes in induction conditions (+ doxycycline, 24hrs) relative to uninduced conditions 
(- doxycycline, 24hrs) at a Bonferroni-corrected P-value of less than or equal to 0.05. D) 
Heatmaps of differentially expressed genes (q-value <= 0.05) that are shared, or specific to 
either ΔNp63ɑ or ΔNp63β-induced conditions. E) Gene ontology enrichment of upregulated 
genes after induction of either ΔNp63ɑ or ΔNp63β, showing the top 10 child terms from the 
shared Developmental Process Parent Term. F) Gene ontology enrichment of upregulated 
genes after induction of either ΔNp63ɑ or ΔNp63β, showing the top 10 child terms from the 
shared Positive Regulation of Biological Processes Parent Term. G) Top 10 Gene Ontology 
terms uniquely identified in either ΔNp63ɑ or ΔNp63β differentially upregulated genes.  
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Figure 3: Genomic occupancy of ΔNp63ɑ and ΔNp63β. A) Heatmaps of ChIP-seq read 
density at MACS2-derived peaks found in only ΔNp63ɑ experiments, only ΔNp63β, or shared 
between both factors. Read densities (RPKM normalized) of ΔNp63ɑ, ΔNp63β, or empty vector 
negative control ChIP are plotted -/+ 1,000 base pairs from the peak center. Replicate data 
were merged into a single meta-plot. B) Quantification of read densities (log2 normalized) for 
ΔNp63ɑ, ΔNp63β, or IgG control ChIP-seq experiments at each class of peak. C) Percentage of 
shared or isoform-enriched ChIP-seq peaks containing a JASPAR-derived p53 family motif 
(p53, p63, or p73). D) HOMER-derived motif analysis for p53, p63, and p73 response elements 
from ΔNp63ɑ or ΔNp63β peak regions. Enrichment is relative to matched genomic background 
regions. E) HOMER-derived transcription factor motif enrichment from ΔNp63ɑ or ΔNp63β peak 
regions. Enrichment is relative to matched genomic background regions.   
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Figure 4: Integration of transcriptomes and cistromes reveals potential regulatory 
activities of ΔNp63ɑ and ΔNp63β . 
Analysis of the distance (in kilobases,kB) between either A) ΔNp63ɑ or B) ΔNp63β ChIP-seq 
peaks and the transcriptional start site of upregulated, downregulated, or unregulated genes 
after induced expression of each isoform. Regulated genes were classified as any fold-change 
relative to uninduced conditions with a Bonferonni-corrected P-value of less than 0.05 as 
determined by DESeq2. (**; p-value < 0.01, ****: p-value < 0.0001, Dunn’s Multiple Comparison 
Test). Analysis of the distance (in kilobases,kB) between shared, ΔNp63ɑ-enriched, or ΔNp63β-
enriched ChIP-seq peaks and the transcriptional start site of C) shared, D) ΔNp63ɑ, or E) 
ΔNp63β-specific differentially regulated genes. (*; p-value < 0.05, ****: p-value < 0.0001, Dunn’s 
Multiple Comparison Test). Results of polyEnrich analysis of genes nearest shared, ΔNp63ɑ, or 
ΔNp63β ChIP-seq binding sites, displaying the top 10 (by FDR) Gene Ontology Biological 
Processes categories F) shared in all datasets, G) found only in shared binding events, or in 
either H) ΔNp63ɑ-specific sites I) ΔNp63β-specific sites. A full list of chipEnrich/polyEnrich 
results can be found in Table S3.  
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Figure 5: Regulatory element-associated H3K27ac dynamics at ΔNp63ɑ and ΔNp63β 
binding sites. A) The percentage of either ΔNp63ɑ or B) ΔNp63β ChIP-seq peaks intersecting 
MACS2-derived H3K27ac peaks from control, ΔNp63ɑ, or ΔNp63β induced conditions. C) 
Overlap of H3K27ac peaks found in control, ΔNp63ɑ, or ΔNp63β induction conditions. Biological 
replicates for each condition were first merged and then intersected using bedTools. D) The 
percent of H3K27ac peaks from each category shown in (C) with either D) ΔNp63ɑ binding sites 
or E) ΔNp63β binding sites. F) H3K27ac enrichment (log2 normalized) dynamics between 
ΔNp63ɑ or G) ΔNp63β conditions and negative control conditions. H) Genome browser view of 
IRF6 locus and the I) MIR205 locus displaying p63 and H3K27ac ChIP-seq enrichment data for 
control, ΔNp63ɑ, or ΔNp63β-induced cell lines. The bottom two tracks represent p63 or 
H3K27ac ChIP-seq data from MCF10A mammary epithelial cell lines.  
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Figure 6: Analysis of C-terminal domain on ΔNp63β function. A) Schematic of TAp63 and 
ΔNp63 C-terminal TAD mutants. B) Protein expression of C-terminal TAD mutants in pcDNA 
plasmid constructs transiently transfected in HCT116 TP53-/- cells. Negative control is an empty 
pcDNA backbone. C) Reporter assay of TAp63 and D) ΔNp63 C-terminal TAD mutants on a 
p63 RE (green) and a mutant (grey) p63 RE. E) Protein expression of ΔNp63 C-terminal TAD 
mutants in lentiviral vectors under 24hr doxycycline induction in HCT116 TP53-/- cells. Negative 
control is GUS expressed in pCW57.1 vector. F) QRT-PCR analysis of KRT5 expression by 
ΔNp63 C-terminal TAD mutants G) QRT-PCR analysis of JAG2 expression by ΔNp63 C-
terminal TAD mutants. H) Genome browser view of KRT5 locus displaying p63 and H3K27ac 
ChIP-seq binding data. I) Genome browser view of JAG2 locus displaying p63 and H3K27ac 
ChIP-seq binding data. Statistical analysis for qRT-PCR data was done using a a One-way 
ANOVA test (*: p-value <.05, **: p-value <.01,  ***: p-value <.001, ****: p-value < 0.0001, ns = 
not significant) and a Two-way ANOVA ( ***: p-value <.001, ****: p-value < 0.0001, ns = not 
significant ) for reporter assay data. 
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Figure 7: Characterization of function of ΔNp63 C-terminal isoform mutants. A) Schematic 
of ΔNp63 C-terminal mutants. B) Protein expression of C-terminal mutants transiently 
transfected in HCT116 TP53-/- cells expressed in a pcDNA backbone. Negative control is an 
empty pcDNA backbone. C) Reporter assay of p63 C-terminal mutants on using either a WT 
p63 RE (pink) or mutant p63 RE (grey). ΔNp63Δ and all C-terminal mutants have a statistically 
significant reduction in activity compared to ΔNp63β (****: p-value < 0.0001, ns = not significant, 
Two-way ANOVA) 
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Supplementary Figure 1: RNA-seq analysis of shared and unique downregulated genes. 
A) Principal component analysis (PCA) plot for the 4,000 most highly-expressed genes from 
RNA-seq analysis of either ΔNp63ɑ or ΔNp63β induction (-/+ 500ng/mL doxycycline for 24hrs) 
in HCT116 TP53-/-  cells. B)  Heatmaps of differentially downregulated genes (q-value <= 0.05) 
that are shared, or specific to either ΔNp63ɑ or ΔNp63β-induced conditions.  C) Gene ontology 
enrichment of downregulated genes after induction of either ΔNp63ɑ or ΔNp63β, showing the 
Top 10 Gene Ontology terms uniquely identified in either ΔNp63ɑ or ΔNp63β differentially 
downregulated genes.  D) Top 10 Gene Ontology terms for shared downregulated genes after 
induction of either ΔNp63ɑ or ΔNp63β. 
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Supplementary Figure 2: ChIP-seq analysis of p63 and H3K27ac at genomic loci. UCSC 
Genome browser view of ChIP-seq of control, ΔNp63ɑ, or  ΔNp63β and H3K27ac at A) S100A2 
B) ZNF750 and C) SFN loci.  
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Supplementary Figure 3: Analysis of C-terminal domain on ΔNp63β function at ΔNp63β-
only upregulated genes. qRT-PCR analysis of A) MDM2 B) MIR205HG C) SNAI2 and D) IL1A 
expression by ΔNp63 C-terminal TAD mutants and UCSC genome browser views of their 
respective genomic loci, showing p63 and H3K27ac enrichment. (*: p-value <.05, **: p-value 
<.01,  ***: p-value <.001, ****: p-value < 0.0001, ns = not significant, One-way ANOVA) 
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Supplementary Figure 4: Analysis of C-terminal domain on ΔNp63β function at ΔNp63β 
and ΔNp63ɑ upregulated genes. qRT-PCR analysis of A) ANXA8 and B) FAT2 expression by 
ΔNp63 C-terminal TAD mutants and genome browser views of their respective genomic loci, 
showing p63 and H3K27ac enrichment. (****: p-value < 0.0001, ns = not significant, One-way 
ANOVA) 
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