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ABSTRACT 
The human p63 gene discovered in 1997 encodes a series of protein isoforms that differ in 
their N- and/or C-terminal sequences. These isoforms have widely differing properties in 
promoting or repressing p53-related functions such as growth arrest and apoptosis. In 
addition, p63 appears to play important roles in the maintenance and differentiation of 
epithelial cell populations. Many studies have shown that p63, particularly ΔNp63α, is 
expressed in normal epithelium and also highly expressed in squamous cell carcinomas of 
surface epithelia.  
Methods. We have refined the analysis of the expression patterns of p63 isoforms by the use 
of a quantitative RT-PCR technique applied to micro-dissected normal oral mucosal samples. 
We have also studied p63 expression in squamous cell carcinoma of the head and neck 
(SCCHN) compared to normal oral mucosa taken from the same patient. Furthermore, 
tobacco-exposed buccal mucosa was compared to age and gender matched non exposed 
controls. RT-PCR for telomerase and immunohistochemical analysis for detection of p53 and 
Ki-67 proteins was further performed. 
We also explored the function of p63 in SCCHN cells by using small interfering RNA 
(siRNA) to silence the expression of different p63 isoforms in cell lines originating from 
SCCHN. The effect of p63 knockdown was studied using a Fluorescein Diacetate based 
cytotoxicity assay and immunohistochemistry looking at expression of differentiation 
markers. The response of the siRNA treated cells to radiation and cytostatic drug was also 
investigated.  
We have further studied normal oral wound healing using immunohistochemistry and 
quantitative PCR. 
By the use of a macro array comparing siRNA treated cells with non-treated cells a possible 
connection between the BRCA1 gene and p63 expression was shown and further studied with 
the use of cHIP and luciferase reporter assays. 
Results. The p63 isoforms are expressed in normal epithelium, with the highest levels 
consistently found in basal and parabasal layers. Extensive use of tobacco had no effect on 
p63. The quantitative PCR showed statistically increased levels of the ΔNp63 and 
p63β isoforms. No correlation was found between p63-isoform expression patterns and 
proliferation. 
The exploration of the function of p63 in SCCHN cells by the use of small interfering RNA 
(siRNA) showed a statistically significant decreased survival for tumour cells when all p63 
isoforms, the N-terminal truncated or the α isoforms were inhibited. No effect on cell 
proliferation or expression of epithelial differentiation markers was observed. We also 
demonstrated that inhibition of p63 expression sensitizes cells to the effects of ionizing 
radiation and cisplatin.  
The study of normal oral wound healing using immunohistochemistry and quantitative PCR 
showed significant changes in p63 isoform expression. The ΔNp63 isoform was mainly 
expressed in the basal layer in the non proliferating and migrating cells while TAp63 was 
almost absent. 
The BRCA1 study showed p63 to bind to the BRCA1 promoter and activate the expression of 
BRCA1 protein. 
Summary. The p63 proteins have different functions and the balance between the isoforms 
and their localisation within the epithelium seems to be important for normal wound healing 
as well as cancer cell survival.  
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Introduction 
 
Squamous Cell Carcinoma of the Head and Neck 
Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most 
common cancer worldwide and is increasing in incidence in developing 
countries.(Parkin et al. 1993; Macfarlane et al. 1994) The complexities of the 
epidemiology of SCCHN stems from its multigenic nature and to the presence of 
many potential environmental factors that individuals may come in contact 
with.(Jefferies & Foulkes 2001)  
The group of head and neck tumours originate from these different sites: oral 
cavity, pharynx, larynx, lip, maxillary sinus, salivary glands, and thyroid glands. 
In our studies only tumours from the first two sites were included. 
SCCHN tumours are classified according to the Union Internationale Contre le 
Cancer (UICC) based on three components: TNM. T stands for size of the 
primary tumour, N for presence or absence of regional lymph node metastasis 
and M for presence or absence of distant metastasis. 
 
T1 tumour 2cm or less in greatest dimension 
T2 tumour bigger than 2cm but less than 4cm in greatest dimension  
T3 primary tumour bigger than 4cm in greatest dimension 
T4 tumour invades adjacent structures 
N0 regional lymph node can not be assessed 
N1-3 metastasis to regional lymph nodes 
M0 no distant metastasis 
M1 distant metastasis present  
 
Staging of tumours is based on the TNM system, see Figure I, and provides 
some prognostic information, where higher stage indicates worse prognosis with 
a lower chance for the patient to survive his/her cancer.  
The therapy for SCCHN in stage I or II is multiple or single modality treatment 
by radiation and/or surgery.(Palme et al. 2004; Lefebvre 2005) In more poorly 
differentiated SCCHN stages III, IV and V, radiation and surgery in 
combination with chemotherapy has shown in some studies to increase disease 
free survival compared to surgery and radiation alone.(Lefebvre 2005) 
Metastatic SCCHN is often treated with cytostatics and the drug most 
commonly used is Cisplatin.(Colevas 2006)  
Despite the development of new treatment approaches, no increase in 5-year 
survival has been seen over the last 20 years.(Kim & Califano 2004).Despite 
development of new treatment approaches, no increase in 5-year survival has 
been seen over the last 20 years.(Kim & Califano 2004). 

  



 
Figure I. SCCHN staging and cure rates. (Figure modified from the book Head and Neck 
Surgery.(Shah 1996))  
 
Although risk factors associated with SCCHN are many including smoking, 
alcohol consumption, and at a lesser degree diesel fumes and other working 
related hazards such as wood dust and cement(Maier et al. 1991; Muscat & 
Wynder 1992), the most well known risk factor for developing squamous cell 
carcinoma of the head and neck (SCCHN) is the use of tobacco. Exactly how 
tobacco damages the oral mucosa is not known, although it is clear that 
components of tobacco and tobacco smoke are mutagenic. The combined 
exposure of smoking and alcohol has a multiplicative effect at least at some 
locations such as larynx, oral cavity and pharynx.(Jefferies & Foulkes 2001). 
Heavy smoking can also induce expression of the p53 protein (Field et al. 1991), 
and mutations in the TP53 gene are more frequent among smokers.  
 
Cancer Stem Cells 
The idea of malignant stem cells comes from the thought that malignant cells 
originate from normal stem cells and should therefore share growth patterns 
with those. This would mean that a small subpopulation of tumour cells in a 
tumour is capable of persistent malignant growth.(Mackenzie 2006) It has been 
shown that tumours display the hierarchal growth pattern of stem cells, and the 
possibility to distinguish cancer stem cells is the next challenge.(Locke et al. 
2005) Successful treatment of these stem cells is critical for cancer therapy as 
they are, according to the hypothesis above, the only cells in the tumour capable 
of persistent growth.  

  



Present cancer therapies such as radiation and cytostatic treatment focus on 
killing rapidly proliferating cells and stem cells usually divide at a lower rate 
than the highly proliferative cells they give rise to. Hence, these therapies would 
primarily target the rapidly proliferating cells missing the important cancer stem 
cells. 
The challenge is to find new ways to attack these new targets and a good place 
to start is looking on proteins involved in normal stem cell maintenance such as 
p63.(Mackenzie 2006)  

 
The p53 Family: p53, p73 and p63 
The p53 protein was discovered in 1979 interacting with the oncogenic T 
antigen from SV40 virus.(Lane & Crawford 1979; Linzer & Levine 1979) It was 
found to be inactivated in several different ways such as mutation, viral 
interaction or interaction with over expressed cellular proteins in most human 
cancers.(Oren 2003)  
The p53 protein has four structural domains important for its function. The 
transactivating domain responsible for activating other genes is located in the N 
terminal part of the protein. The DNA binding domain that binds to the promoter 
region of genes that p53 modulates the expression of is located in the central 
part. The p53 protein binds to its DNA targets preferably as tetramers and the 
tetramerisation domain responsible for this p53-p53 interaction is located in the 
C terminus. In the C terminus there is also a regulatory domain (RD) containing 
sites that can be post translationally modified through phosphorylation and 
acetylation, which is important for regulation of p53 function.(Romer et al. 
2006)  
The 53 protein was until recently thought to comprise only one isoform. Using 
new molecular techniques like GeneRacer PCR for re-examination of p53, 9 
different isoforms were discovered.(Bourdon et al. 2005)   
The p53 protein is activated by several different cellular stress signals, where 
after it either triggers cell cycle arrest or apoptosis. (Lane 1992) The p53 protein 
works through specifically binding with its DNA binding domain to the 
promoter region of target genes like p21 (cell cycle arrest) or Puma (apoptosis) 
which then become activated and start a cascade of events leading to cell cycle 
arrest with DNA repair, controlled suicide through apoptosis or cellular 
senescence and aging of the cell.(Campisi 2003)  
This cellular monitoring function suggests that p53 works as guardian of the 
human genome protecting it from harmful mutations that could lead to cancer. 
(Lane 1992) Part of this discovery was done using a mouse model where p53 
had been knocked out. Mice without functional p53 did not have any 
developmental defects but were more susceptible to develop several different 
types of cancer.(Donehower et al. 1992) The TP53 gene is inactivated by 
mutation in about 50% of human tumours, further anchoring its tumour 
suppressor function.(Vousden & Lu 2002) 

  



Until 1997 p53 was thought to be alone in its gene family but this year two 
siblings were found and named p73 and p63.(Kaghad et al. 1997; Schmale & 
Bamberger 1997; Yang et al. 1998)  
 
p73  
The p73 gene was discovered in a region frequently deleted in neuroblastoma. It 
shares considerable homology with the TP53 gene containing the same 
functional domains.(Kaghad et al. 1997) It has like p53 several different 
isoforms with at least four different N-terminals due to 2 promoters and 
alternative splicing.(Stiewe et al. 2002) The N terminal truncated isoforms 
lacking the transactivating domain can act as dominant negative regulators for 
the rest of the p53 family. These isoforms have been shown to be important in 
the formation of the neuronal system inhibiting the p53 mediated apoptosis 
triggered by removal of the nerve growth factor (NGF). In fact they can, if 
increased alone, save the sympathetic neurons from cell death.(Pozniak et al. 
2000) This explains the neuronal developmental defects seen in p73 knock out 
mice.(Yang et al. 2000) 
The full length isoforms of p73 have many different functions among the 
suggested are involvement in terminal differentiation of human skin 
keratinocytes coworking with its sibling p63.(De Laurenzi et al. 2000) Another 
collaboration between the siblings has been seen in SCCHN where p63 
modulates p73 dependent apoptosis.(Rocco et al. 2006)  
 
 p63  
The p63 gene codes for a group of at least six proteins with homology to the 
tumour suppressor protein p53.(Yang et al. 1998; Yang & McKeon 2000) All 
domains show homology to p53 but especially the DNA binding domain is 
highly conserved.(Yang et al. 1998; Celli et al. 1999) Similar to p53, p63 can 
act as a transcription factor, activating or repressing expression of a variety of 
genes and due to its shared homology with p53 it can also bind to p53 
responsive elements (p53RE).(Yang et al. 1998) The three full length proteins 
(TAp63α, TAp63β and TAp63γ) contain a transactivational domain in the N-
terminus, a region lacking in the truncated proteins (ΔNp63α, ∆Np63β and 
ΔNp63γ). It has therefore been suggested that the ΔNp63 proteins act as 
inhibitors of p53 function while the TAp63 proteins have properties in common 
with p53.(Yang & McKeon 2000) However, a second transactivational domain 
has been identified within exons 11-12, as well as a repressive domain within 
exons 13-14 in the post SAM domain, each mapping to the C-terminal region of 
the proteins.(Ghioni et al. 2002; Serber et al. 2002) Thus, the β isoforms 
(TAp63β and ∆Np63β) lacking the exon 13-14 repressive domain are very 
efficient transactivators. The TAp63γ form lacking the second transactivation 
domain within exons 11-12 is thus not as efficient in transactivation, and the 
activity of TAp63α is reduced through inhibition by its own C-terminus.(Ghioni 

  



et al. 2002) Thus, the potential function(s) of the various isoforms appears more 
complex than originally suggested. The C-terminal also includes a sterile alpha 
motif (SAM) domain invoved in protein-protein interaction mainly located in 
exon 13 and only present in p63α isoforms. The post SAM domain also only 
present in p63α isoforms has been show to contain a sumoylation site centred on 
lysine 637. SUMO-1 can cause instability of ΔNp63α isoform through this site 
and lower the protein levels, TAp63α does also get effected by this mechanism 
but to a lesser degree.(Ghioni et al. 2005) 
The ΔNp63 proteins are only expressed in epithelium of oral mucosa, skin, 
urothelium, and prostate, whereas expression of TAp63 proteins also can be 
seen in other tissues such as endothelium and lymphocytes.(Yang et al. 1998) 
  
 

 
 
Figure II. p63 isoforms and their domains. Modified from the original article: Complex 
Transcriptional Effects of p63 Isoforms: Identification of Novel Activation and Repression 
Domains.(Ghioni et al. 2002) 

  



p63 in Differentiation and Development 
Transgenic p63-knockout mice exhibit severe impairment of epithelial tissues 
and various human syndromes characterised by abnormal development of limb 
and facial epithelia are due to mutations in the p63 gene. This clearly shows that 
p63 has important roles in the processes of proliferation and differentiation of 
epithelial tissues including skin, breast and prostate.(van Bokhoven & McKeon 
2002) 
p63 is required for development of normal oral mucosa, skin and other 
ectodermally-derived structures.(Mills et al. 1999; Yang et al. 1999) In 
development of these structures, TAp63 isoforms are expressed during the 
initiation of epithelial stratification. Expression of TAp63α inhibits epithelial 
stratification in embryos as well as differentiation of primary keratinocytes. 
After commitment to stratification, but before terminal differentiation, ΔNp63 
isoforms appear, which is postulated to counteract the inhibitory effects of 
TAp63 proteins and allow responses to appropriate differentiation 
signals.(Koster & Roop 2004) This possibly works through the notch cell 
receptor pathway.(Nguyen et al. 2006) In mature epidermis, ΔNp63α isoforms 
predominate and are found mainly in the most basal cells.(Yang et al. 1998; 
Liefer et al. 2000; Nylander et al. 2000; Thurfjell et al. 2004) Another pathway 
that p63 can use in order to modulate differentiation and development is through 
transactivation of the sonic hedgehog (Shh) protein, a known morphogen. A p63 
mutation, R279H, present in developmental diseases abolishes this 
transactivation hindering p63 from activating shh.(Caserta et al. 2006)  
 
Developmental Diseases Caused by p63 Mutation 
Mutations within the p63 gene cause several dominantly inherited 
diseases.(Murray-Zmijewski et al. 2006) Depending on which functional domain 
is affected, symptoms vary but all affected tissues are ectodermally derived, not 
surprising considering that p63 is needed for ectodermal cell 
differentiation.(Mills et al. 1999; Yang et al. 1999)  
Ectrodactyly ectodermal dysplasia-clefting syndrome (EEC) shows, as the name 
implies, ectrodactyly which is lobster claw malformation of the hands, 
ectodermal dysplasia with impairment of most ectodermally derived tissues like 
hair, teeth and sweat glands. Clefting of the palate and/or the lip is also a 
symptom of this disease, which has mutations within the DNA binding domain 
of p63.(Celli et al. 1999)  
Acro- dermato-ungual-lacrimal-tooth malformations (ADULT). The only feature 
differing between the ADULT and the EEC syndrome is the absence of clefting 
in ADULT. This syndrome has shown mutations in two different parts of the 
p63 gene one in exon 3 (Amiel et al. 2001) and another in the DNA binding 
region.(Brunner et al. 2002) 
Hey-Wells syndrome or ankyloblepharon and ectodermal dysplasia-clefting 
(AEC) shows fusion of eyelids and ectodermal dysplasia-clefting. The p63 

  



mutations in this syndrome are localized to the SAM domain.(McGrath et al. 
2001) 
Limb mammary syndrome (LMS) is characterized by severe hand and/or foot 
anomalies with mammary hypoplasia or aplasia. In the p63 gene there is a frame 
shift mutation in exon 13 giving rise to a truncated p63 protein.(van Bokhoven 
et al. 1999)  
Split-hand/foot malformation (SHFM) clinically shows hand and/or foot 
anomalies and several genes are linked to this disease. Mutations within p63 are 
thought to be responsible for around 10% of this disease and most mutations are 
located in the DNA-binding domain.(van Bokhoven et al. 2001) 
Rapp-Hodgkin syndrome features ectodermal dysplasia, cleft lip and cleft palate, 
as well as unusually narrow noses and small mouths. A frameshift mutation in 
exon 14 has been found in this disease.(Chan et al. 2005)  
 
p63 in Cancer 
The p63 protein was discovered as a homolog to the most acknowledged tumour 
suppressor p53. Many of the initial studies concentrated on 
similarities/dissimilarities between p63 and p53 and whether p63 was related to 
cancer. Results were mixed because even if many of the systems affected in 
cancer such as apoptosis, proliferation and senescence are affected also by p63 
few mutations could be found within the p63 gene in cancers, as could be 
expected for a tumour suppressor.(Moll & Slade 2004) Findings rather indicated 
that p63 was being over expressed in some forms of cancer linking it to cancer 
as a potential oncogene. 
 
p63 Effect on Apoptosis 
The role of p63 in apoptosis is complex because of the different isoforms. 
Apoptosis was induced in Hep3B cells in a time and dose dependent manner by 
adenoviral transfer of the TAp63α gene.(Gressner et al. 2005) It was also shown 
that TAp63α induced apoptosis could act through two pathways; the death-
receptor pathway and the mitochondrial apoptosis pathway.(Gressner et al. 
2005) These studies were made in liver and bone cells that do not express any 
p63 isoforms natively. In most p63 expressing cells the ΔNp63 isoforms are the 
dominant isoforms(Thurfjell et al. 2004) thus this activation/binding by p63 
proteins could in fact be a repression of the apoptosis pathway in most in vivo 
environments.  
In mouse embryo fibroblasts p63 was found at p53 responsive elements in 
several of the p53 induced targets causing apoptosis such as PERP, Bax and 
NOXA even when p53 was not present in the cell. It was also shown that p53 
itself could not bind to these targets without the cooperation of p63 and/or 
p73.(Flores et al. 2002) However, in T-cells p63 was dispensible for p53 
dependent apoptosis induced by gamma irradiation.(Senoo et al. 2004). In skin, 
UV-B radiation reduces ΔNp63α expression and it was also shown that over-

  



expressing ΔNp63α hindered UV-B radiation from inducing apoptosis.(Liefer et 
al. 2000) Furthermore, ΔNp63α has been shown able to repress p73 dependent 
transactivation of apoptosis genes such as Puma and Noxa in SCCHN cell lines. 
This suggests a survival role for the dominantly expressed ΔNp63α isoforms in 
SCCHN.(Rocco et al. 2006)  
 
p63 as a Tumour Suppressor 
As p63 is a relative of p53, many also assumed that it would play the part of a 
tumour suppressor similar to p53 in cancer. Results of these investigations have, 
however, not been consensual. Some have seen down regulation, mutation or 
other forms of inactivation in tumours, however, only in a few specific tumour 
types.(Osada et al. 1998; Ikawa et al. 1999; Nishi et al. 1999; Sunahara et al. 
1999) Recent experiments with p63 +/- mice have also shown conflicting 
results, where one study saw an increase in tumourigenesis and loss of 
heterozygosity(Flores et al. 2005) whereas others saw a protection from tumours 
in p63 +/- mice. (Keyes et al. 2006) 
 
p63 as an Oncogene  
Various reports have shown that p63 is expressed in normal epithelium and 
highly expressed in squamous cell carcinomas.(Parsa et al. 1999; Crook et al. 
2000; Hall et al. 2000; Di Como et al. 2002; Hu et al. 2002; Nylander et al. 
2002; Reis-Filho et al. 2002) The ΔNp63α isoform is the only member of its 
family detectable in SCCHN cell lines by using RT-PCR or 
immunocytochemistry, with the exception of an occasional cell line with 
detectable levels of the ΔNp63β isoform.(Nylander et al. 2002) This was 
confirmed by the use of quantitative PCR.(Thurfjell et al. 2004)  
The ΔNp63α isoform can transactivate proteins such as β-catenin and heat shock 
protein 70 (hsp70) and is also co-localised with these in SCCHN.(Patturajan et 
al. 2002; Wu et al. 2005) Hsp70 is a known oncogenic protein often 
overexpressed in metastasis and its induction has an anti apoptotic effect 
working like a survival signal.(Wu et al. 2005) β-catenin is part of the wnt 
pathway leading to proliferation and dedifferentiation.(Patturajan et al. 2002; 
Wu et al. 2005) The association of ΔNp63α to hsp70 and β-catenin further 
strengthens the oncogenic effect of the ΔNp63 proteins. 
 
p63 in Cellular Senescence 
Data has shown ΔNp63α expression to extend the lifespan of primary 
cells(Djelloul et al. 2002), suggesting roles for p63 in the immortalisation 
process, a process in which activation of the telomerase complex is also 
regarded essential.(Bodey 2002) More recent experiments with p63-/+ mice with 
heterozygous inactivation of p63 have also shown a reduced life span with a 
phenotype consistent with accelerated aging.(Keyes et al. 2005) The pathways 
thought to be involved are complex and seem to be different in different 

  



differentiation stages of cells. Primary keratinocytes need p53 for this 
senescence to function while in developing embryos the pathway is p53 
independent.(Keyes et al. 2005) 
 
p63 Involvement in Cancer Therapy 
The ΔNp63α isoform is targeted for degradation in cells treated with cisplatin 
and UV irradiation.(Fomenkov et al. 2004; Westfall et al. 2005) SCCHN 
tumours expressing ΔNp63α at high levels have also been shown to be more 
receptive to cisplatin treatment than tumours with low or no expression of 
ΔNp63α.(Zangen et al. 2005) We have shown that cisplatin and radiation 
treatment on a SCCHN cell line was more effective if p63 was knocked down 
during the treatment period.(Thurfjell et al. 2005) This shows that p63 status of 
the cancer can be a valuable predictive tool of which treatment a particular 
cancer should receive. 
 
Wound Healing 
Wound healing is a process in which cell migration, proliferation and 
differentiation are altered in a specific sequence in order to repair the tissue 
injury. These are all processes in which p63 is involved.  
In oral wound healing, which is the model we have been working with, the 
wound surface is quickly covered by a so called “epithelial tongue”. It is formed 
by the adjacent non-wounded epithelium with migrating basal cells and a sliding 
epithelial mass above those. The epithelial tongue shows no sign of 
proliferation, a process that resumes in the wounded area after the epithelial 
continuity has been restored.(Mackenzie et al. 1977; Bartkova et al. 2003) 
Proliferation instead occurs in the epithelium immediately adjacent to the 
wound.(Bartkova et al. 2003) In addition to providing a well-defined model for 
perturbing normal epithelial proliferation, differentiation and migration, events 
that occur in wound healing have been related to events occuring in 
tumourigenesis. 
Tumours have been called “wounds that never heal” and similar gene expression 
patterns can be seen in the two conditions.(Dvorak 1986; Pedersen et al. 2003) 
Different p63 isoform levels have also been shown to change during wound 
healing. TAp63α expression is low in the migrating basal cells while increasing 
in the proliferating cells adjacent to the wound.(Thurfjell et al. 2006) Then 
increasing while the wound has closed and cells have stopped migrating and 
instead start differentiating and proliferating in order to maintain the epithelium. 
This increased expression was seen after five days in skin. (Bamberger et al. 
2005)   
 
p63 and BRCA1 
BRCA1 is involved in multiple biological pathways including DNA damage 
repair, transcriptional regulation, cell cycle control and ubiquitinylation. 

  



Mutations or aberrant expression of this protein are associated with both 
inherited and sporadic cancers.(Wang et al. 2000; Turner et al. 2004; Boulton 
2006) BRCA1 was found through its involvement in breast and ovarian 
cancer.(Miki et al. 1994) p53 has been shown to repress BRCA1 expression 
through a p53 RE region located inside the BRCA1 gene and has also been 
shown to be steered towards activation of DNA damage repair by BRCA1 
protein.(Arizti et al. 2000; MacLachlan et al. 2002) BRCA1 relates to p63 by a 
reverse expression pattern in breast cancer.(Ribeiro-Silva et al. 2005) 

 
 
 

  



Aims of these studies 
 

• Localize where the different p63 isoforms are expressed in normal oral 
mucosa and oral mucosa during wound healing in order to better 
understand the function of the p63 proteins 

 
• Examine the potential connection between smoking and p63 expression 
 
• Compare the expression of different p63 isoforms in normal oral 

epithelium and SCCHN to try to understand p63´s function in neoplastic 
tissue 

 
• Try to understand the biological function(s) of p63 by using small 

interfering RNA to suppress p63 expression in cell lines originating from 
SCCHN 

 
• Identify new potential p63 targets by investigating changes in RNA 

expression patterns after p63 silencing  
 
 
 
 
 

  



Materials and Methods 
 
PAPER I: Complex Patterns of p63 mRNA Isoform Expression in Tumours - 
No Correlation With p53, Telomerase or Proliferation 
 
Tissue 
Biopsies were after informed consent taken from tumour and corresponding 
normal tissue from 16 consecutive patients with primary squamous cell 
carcinomas of the head and neck (SCCHN). All biopsies were immediately 
frozen and stored at -80ºC. Permission for collection of material had been 
granted by the Ethical Committee at Umeå University (dnr 01-057). 

 
Tissue Exposed to Tobacco 
In order to study a potential effect of long-term exposure to tobacco on the 
different p63 isoforms, two 4mm diameter punch biopsies were taken from the 
buccal mucosa of 27 heavy smokers and 27 age- and sex- matched non-smokers 
(Ethical Committe dnr 01-210). Smokers were defined as persons who had 
smoked for at least 10 years and currently smoked at least 10 cigarettes per day. 
One sample was snap frozen for RNA extraction and analysis of p63 and 
hTERT mRNA levels. The other biopsy was fixed in buffered formalin for 
immunohistochemistry. 

 
RNA Extraction 
Tissue biopsies were cut into pieces in a petri dish placed on dry ice and 
transferred into a 1.5ml tube containing 250µl TRIzol reagent (Invitrogen). 
Samples were homogenized using a pellet mixer (MERCK Eurolab), a further 
250µl of TRIzol added and the samples incubated at room temperature for 5 
minutes. Chloroform, 100µl, was added and incubated for 3 minutes before 
centrifuging for 15 minutes at 13000rpm at 4°C. The upper aqueous phase was 
then transferred to new tubes, diluted with an equal amount of isopropyl alcohol, 
incubated for 10 minutes at room temperature and finally centrifuged for 10 
minutes at 13000rpm at 4°C. The supernatant was carefully removed and the 
pellets washed in 70% ethanol before drying and dissolving in DEPC-H2O by 
pipetting 10-20 times, heating to 60°C for 10 minutes and pipetting another 10-
20 times. Extracted RNA was kept at -82°C until use.  

 
cDNA Synthesis 
cDNA was synthesized using a “1st strand synthesis kit for RT-PCR (AMV)” 
(Boehringer Mannheim Biochimica, Mannheim, Germany) according to the 
manufacturer´s instructions. 0.5 μg total RNA was added into a total reaction 
volume of 20μl.  

 

  



Quantitative PCR  
Quantitative PCR was performed with a Human p63/β-Actin multi-parametric 
kit (Search LC, Heidelberg,Germany) and analyzed on a LightcyclerTM from 
Roche. In brief, cDNA was diluted 12 times and then mixed with the different 
primer sets from the Human p63/β-Actin multi-parametric kit to amplify each of 
the p63 splice variant mRNAs individually and simultaneously amplify β-actin 
to serve as an internal control for cDNA integrity and relative cDNA quantity in 
the different tissue samples. Primers were selected to bridge intronic sequences 
in order to discriminate between amplification of cDNA and contaminating 
genomic DNA. Reactions were analyzed on the LightcyclerTM with one 
denaturation cycle, 50 amplification cycles, one melting curve analysis cycle 
and finally one cooling cycle.  

 
Immunohistochemical Staining 
Biopsies taken for diagnostic purpose from the tumour patients were fixed in 
formalin and analysed using immunohistochemistry. Three polyclonal p63 
antibodies specifically recognizing TAp63, ΔNp63 or p63α isoforms (KN-TA, 
KN-∆ and KN-α) (Nylander et al., 2002), a monoclonal antibody against p53 
(DO7; Novocastra) and a monoclonal antibody against Ki-67 (MIB-1; DAKO) 
were used in the staining procedure on consecutive sections. Antibodies were 
used at the following concentrations: KN-TA 1:750, KN-∆ 1:2000, KN-α 1:450, 
DO-7 1:25 and MIB-1 1:50. As negative controls for the three p63 antibodies, 
preimmune sera were used at the same concentrations as the antibodies. Sections 
were dewaxed, rehydrated by standard procedures and subjected to boiling in 
10mM citrate buffer (pH 6.0) for 15 minutes using a microwave oven for 
antigen retrieval. Staining was performed using a Ventana staining machine 
according to the supplier’s recommendation. For p53 and Ki67, a relative 
staining index was determined by estimating the percentage of positive cells. 
Double-labelling was also carried out for Ki-67 and p63 on selected sections 
using the Ventana machine. Staining was done consecutively first p63 using 
DAB substrate followed by Ki-67 using AlkPhosRed as substrate. 

 
Analysis of hTERT mRNA Levels 
As telomerase activity is present in stem cell populations and most immortalised 
cell lines and tumours, and ΔNp63 expression has been shown in epithelial stem 
cells and squamous cell carcinomas, we wanted to see if it is possible that p63 
may act in tumourigenesis by inducing telomerase function. hTERT mRNA 
levels were thus analyzed on all tumour and corresponding normal samples, 
using a real-time polymerase chain reaction. The amount of hTERT mRNA was 
quantified using the Light Cycler Telo TAGGG hTERT Quantification kit where 
hTERT RNA levels were expressed as a ratio between the expression level of 
hTERT and a house-keeping gene (porphobilinogen deaminase) according to the 
manufacturer’s protocol (Roche, Basel, Switzerland). All reactions were run in 

  



duplicate, and results were expressed as the relative amount of product adjusted 
for the level of internal control amplification obtained for that sample. 
 
Laser Dissection 
To map exact localisation of the various p63 isoforms within the normal, non 
tobacco exposed buccal mucosa 10 frozen sections (10µm) of the biopsies from 
non-smokers were cut and stained with haematoxylin and eosin. Using a laser 
dissection microscope (Palm) the epithelium on each section was divided into 
three parts representing the basal and parabasal cell layers, the spinous cell layer 
and the upper surface. Sections from each layer were pooled into a single 1.5ml 
tube containing RNa later (Qiagen) and kept at -20°C until RNA levels of the 
different isoforms were analysed as previously described.  
 
Statistical Analysis 
For pair-wise analysis of the tumour and normal samples Wilcoxon signed ranks 
test was used, and for comparison of smokers to non-smokers, the Mann 
Whitney U-test was applied. 
 
 
PAPER II Endogenous p63 Acts as a Survival Factor for Tumour Cells of 
SCCHN origin 
 
Cell Culture 
FaDu (ATCC) a human cell line originating from a squamous cell carcinoma of 
the oropharynx was cultured in D-MEM (Gibco, invitrogen) containing 10% 
fetal calf serum, (Gibco, Invitrogen). SCC-25 (ATCC) a human SCCHN cell 
line originating from the tongue was cultured in D-MEM:F-12 (1:1) (Gibco, 
Invitrogen) containing 10% fetal calf serum and hydrocortisone at 0.4µg/ml. 
Both cell lines were maintained in a humidified incubator at 37°C with 10% 
CO2. By isoform specific RT/PCR we have previously shown FaDu to express 
the ΔNp63α isoform, and SCC25 both the ΔNp63α and ΔNp63β 
isoforms.(Nylander et al. 2002) Using a more sensitive Light Cycler analysis on 
RNA from FaDu cells, both the α and β isoforms were detected, with p63α-
levels about six fold higher than levels of p63β. With Western blot technique, 
only the ΔNp63α protein had detectable levels in FaDu cells.  
 
Small Interfering RNA 
Four small interfering RNA targeting different parts of p63 mRNA were 
selected and synthesized by Dharmacon Research, INC (Table 1). Cells were 
transfected with the oligonucleotide duplexes (100 nM) premixed with 
Oligofectamine (Invitrogen) in corresponding serum free media for 4 hr. As 
mock transfection, cells were exposed to Oligofectamine alone. A well 

  



functioning siRNA targeting luciferase, not present in human, (Dharmacon 
Research) served as a further negative control.  
 
Immunohistochemistry 
One hundred twenty thousand cells were seeded per well on 2 well slides 
(Naigene Nunc International) and left overnight. Cells were transfected with 
siRNA and cultured for 48 hours. Cells were fixed in -20°C methanol:acethone 
(1:1) for 10 minutes, and incubated with ΔNp63 specific antibody (Nylander et 
al., 2002) and secondary FITC-cojugated anti-rabbit Ig (DAKO) at 1:50 dilution. 
After washing, nuclear staining was performed with DAPI and coverslides 
mounted with Vectashield hard set (Vector Labaratories). Double staining was 
performed to detect Ki-67 with a monoclonal antibody (Mib-1). As secondary 
antibodies FITC-conjugated anti-rabbit and phycoerythrin-conjugated anti-
mouse were used. Alternatively, flow cytometric analysis of propidium iodide 
stained cells was performed to identify alterations in cell cycle distribution. 
 
Western Blots 
Cells were lysed in 0.5%NP-40, 0.5% Na-Doc, 0.1% SDS, 150mM NaCl, 
50mM Tris pH 7.5, 1mM EDTA, 1mM NaF and protease inhibitor mix, shaken 
for 30 minutes on ice, sonicated for 15 seconds, shaken on ice 30 min, 
centrifuged for 30 min at 14000rpm and supernatant collected and protein 
concentration measured. Thirty µg of proteins were separated on a 7.5% SDS-
Polyacrylamide gel and transferred to HybondTM–ECLTM nitrocellulose 
membrane (Amersham Biosciences). Membranes were incubated with 
antibodies against actin (Chemicon) diluted 1:10000 and p63 (4A4, Abcam) 
diluted 1:1000. Peroxidase-conjugated anti-mouse antibody (Pierce) was diluted 
1:50000. Blots were developed using ECL Advance (Amersham Biosciences) 
and chemiluminescense measured on a Chemidoc XRS (Bio Rad). 
 
Fluorometric Microculture Cytotoxicity Assay  
To quantify the cytotoxic effects of siRNA, a FDA (Fluorescein Diacetate) 
based fluorometric microculture cytotoxicity assay (FMCA) was used.(Larsson 
& Nygren 1989) Cells were cultured on 96 well plates and treated with siRNA 
alone or in combination with cisplatin and radiation before measurement in the 
assay. FDA was dissolved in dimethyl sulphoxide (DMSO) to a concentration of 
1mg/ml, and further diluted to 10mg/L in pre-warmed PBSA. Wells were 
washed with 200µl pre warmed PBSA before adding 100µl FDA solution. The 
plate was incubated at 37°C for one hour, and measured by a plate fluorometer 
at 485 nm wavelength for excitation and 538 nm for emission.  
Tranfection with siRNA1-4 and siRNA control, mock transfection and not 
transfected cells as negative controls to investigate siRNA effect were done with 
18 wells over three plates. Fluorometric microculture cytotoxicity assay was 
performed 120 h after treatment. Transfection with siRNA3, targeting all p63 

  



isoforms, and siRNA controls were performed in triplicate for treatment with 
cisplatin and five times for each irradiation dose according to the above siRNA 
protocol. Thirty six hours after transfection, cisplatin (Platinol®, Bristol Myers 
Squibb AB) was added in 4 different doses 1µM, 2.5µM, 5µM and 10µM, or 
plates were irradiated with a single dose of 195 kV x-rays using a 0.5mm Cu 
filter (Stabiliphan, Siemens, Germany). The dose rate was 1 Gy/min at the level 
of the irradiated cells and the source-phantom distance was 500mm. Cells were 
exposed to 2 or 4 Gy.(Bergenheim et al. 1995) Fluorometric microculture 
cytotoxicity assay was performed 96 h after treatments. Data were normalized 
against the mock transfection present on each plate and analysed by dividing 
results from treated wells with results from control wells for each of the two 
siRNA treatments and multiplying with 100 to obtain percentage survival. 
 
Western Blot of Differentiation Related Markers 
In order to study the potential impact of p63 quenching on expression of certain 
differentiation related markers known to be expressed in SCCHN cell 
lines(Gasparoni et al. 2004), protein extracts from cells 48h and 120 h after 
siRNA treatment were analysed by Western blotting. The following antibodies 
were used: involucrin (Abcam) at 1:200, CK19 (Abcam) at 1:1:10000, E-
cadherin (Becton Dickinson) at 1:300, β-catenin (BD, Biosciences) at 1:2000 
and maspin (BD, Biosciences) at 1:5000. Maspin has recently shown to be 
transactivated by certain isoforms of p63.(Kim et al 2004)  
 
Statistical Analysis 
Results from FDA analysis of siRNA treated cells with or without consecutive 
cisplatin or radiation treatment were analysed using a paired t-test. 
 
 
PAPER III Downregulation of TAp63 and Unaffected Levels of p63β 
Distinguishes Oral Wounds from SCCHN 
 
Tissue 
Biopsies were taken with a 4mm punch from the normal buccal mucosa of 
twenty healthy volunteers, representing control samples. A second punch biopsy 
also with a diameter of 4mm was taken at the same spot 52-55h later, 
representing wound samples. All biopsies were immediately frozen and stored at 
-80ºC. Permission for the study had been granted by the Ethical Committee at 
Umeå University (dnr 01-210; dnr 05-039M). From five of these volunteers, 
additional normal and wound biopsies were taken, and frozen or fixed in neutral 
buffered formalin for immunohistochemical analysis. 
 
RNA Extraction 
Same method as in paper I. 

  



DNase Treatment and cDNA Synthesis 
DNase treatment was performed with DNase I (Sigma-Aldrich, Saint Louis, 
Missouri, USA) and used according to the manufacturer´s protocol. cDNA was 
synthesized using a “1st strand synthesis kit for RT-PCR (AMV)” (Boehringer 
Mannheim Biochimica, Mannheim, Germany) according to the manufacturer´s 
instructions. 0.5 μg total RNA was added into a total reaction volume of 20μl.  

 
Quantitative RT/PCR  
Same method as in paper I 
 
Immunohistochemical staining 
Same method as in paper I. 
 
 
PAPER IV BRCA1 is a Novel Target of p63 

Cells, Small Interfering RNA (siRNA) and GEArray 
Cells and siRNA same as in paper II. 
GEArray Q series p53 signaling pathway Array (OHS-027) from SuperArray 
(Frederick, MD, USA) was used for expression analysis of 113 genes related to 
p53-mediated signal transduction. We compared FaDu cells 120 hours after 
treatment with siRNA (Dharmacon, Lafayette, CO, USA) targeting all p63 or 
p63α isoforms only with a negative control treated with siRNA targeting fire fly 
Luciferase. 
 
p53-type Binding Motif Search and Chromatin Immunoprecipitation 
(ChIP) 
A 1kb region upstream of exon 1 of the human BRCA1 gene was examined for 
presence of putative p53-type response elements (p53-REs): two or more 
tandem repeats of RRRCWWGYYY separated by less than 13 bp. ChIP 
experiments were performed using the EZ ChIPTM chromatin 
immunoprecipitation kit (Upstate, Lake Placid, NY, USA) according to the 
manufacturer’s protocol. A polyclonal antibody specifically recognizing ∆Np63 
isoforms(Nylander et al. 2002) was used for immunoprecipitation of FaDu cells. 
Normal pre-immune rabbit IgG was used as negative control. Eluted DNA was 
PCR amplified with primers specific for the potential binding region. Primers 
used for BRCA1 promoter were as follows:  
BRCA1 RE1 forward: GGGAATCCTCGTGATAGGAA  
BRCA1 RE1 reverse: GATCTCGGCTCACTGCAAC  
BRCA1 RE2 forward: AGCTCTGCCGCTATCTCTGT  
BRCA1 RE2 reverse: ACTCGTAGTTCCACCCCTCA 
 

  



 

Plasmids and Luciferase Assay 
The promoter region containing p53-REs was PCR-amplified, cloned into 
pGEM-T vector (Promega, Madison, WI, USA), followed by cloning into the 
Kpn I and Xho I site of the pGL3-Basic reporter plasmid (Promega). PCR 
primers used for cloning were:  
BRCA1 forward: GGTACCAGCTCTGCCGCTATCTCTGT 
BRCA1 reverse: CTCGAGACTCGTAGTTCCACCCCTCA  
For luciferase assays, Saos2 cells were seeded into 12-well plates (1 × 105 
cells/well) 24 h prior to transfection. Cells were cotransfected with 250 ng of the 
reporter plasmid containing BRCA1 promoter response elements, 3 ng of pRL-
TK encoding Renilla luciferase cDNA and 500 ng of the pcDNA3 vector either 
empty as control or containing p53 or p63, using Lipofectamin 2000 (Invitrogen, 
Grand Island, NY, USA). The total amount of DNA transfected was kept 
constant (1 μg) with parental pcDNA3. At 48 h after transfection, luciferase 
activity was measured by a dual luciferase reporter assay system (Promega) and 
the transfection efficiency standardized against Renilla luciferase activity. The 
value obtained by control transfection was arbitrarily set at 1. Data shown is the 
fold change in luciferase activity of experimental cells versus control cells. 
Means and 95% confidence interval were calculated by SPSS 12.0 after 3 to 4 
independent transfections.  
 
 

  



Results and Discussion 
 
Paper I 
 
Comparison of p63 levels between normal and tumour tissue from the same 
patient. In one tumour and two of the normal samples the level of β-actin was 
extremely low, indicating extensive RNA degradation and these samples 
including their tumour/normal counterpart were therefore excluded from further 
analysis. In the remaining 13 paired tumour/normal samples, all isoforms were 
expressed at higher levels in most tumour samples compared to controls (Table 
1; Figure 2 in paper I). For the N-terminal truncated isoforms, ΔNp63, a 
significant increase was seen in tumours compared to normal tissue, and at the 
individual level, all but 2 patients had higher ΔNp63 levels in tumour compared 
to normal tissue (p=0.016) (Figure 2 in paper I). This is in accordance with data 
from studies of normal mucosa and squamous cell carcinomas of the oesophagus 
where mRNA for ΔNp63 was easily detected whereas TAp63 had extremely low 
or no expression at all.(Hu et al. 2002) The p63β isoforms also showed higher 
expression in tumours compared to normal tissue (p=0.046) (Figure 2 in paper 
I). This is a new finding and also very interesting as p63β has been shown to be 
one of the p63 isoforms with highest transactivational potential(Ghioni et al. 
2002) and it can also activate oncogenic pathways such as the wnt/β-catenin 
leading to cancer cell proliferation and dedifferentiation.(Patturajan et al. 2002) 
Although other isoforms were also frequently expressed at higher levels in 
tumour versus normal tissue, these differences were not statistically significant 
in the group of 13 patients studied (Table 1 in paper I). Construction of primers 
for amplification of the p63γ isoforms to encompass intron sequences was 
unsuccessful, such that amplification of contaminating DNA could not be 
excluded and these results were thus excluded from further analysis. 
 
Immunohistochemistry. Eleven of the 13 tumours had biopsies taken for 
diagnostic purpose available for immunohistochemical analysis. All eleven 
stained positive with the three p63 antibodies KN-α, KN-TA and KN-Δ. As 
previously reported, expression of the ∆Np63 proteins was stronger than 
expression of the TA and α proteins.(Nylander et al. 2002) Three of the 11 
tumours lacked detectable p53 protein, 6 had 90-100% p53 expressing cells and 
the remaining 2 tumours had occasional (<5% to 25%) p53 expressing cells. 
There was no obvious correlation between tumours containing high numbers of 
p53-positive cells and levels of p63 mRNAs. Measurements of proliferation 
showed that six of the tumours had between 10-50% Ki-67-positive cells and the 
other four had between 50-90% Ki-67 expressing cells. No correlation could be 
seen between Ki-67 index and levels of any of the p63 isoforms measured by 
RT-PCR. Double-labelling of Ki-67 and p63 isoforms in normal cells showed 

  



that many p63-positive cells were not Ki-67-positive. This confirms that p63 
expression is not enough for cell cycle entry as it does not correlate directly with 
cellular proliferation in vivo (Fig 3 paper I). It might, however, be a more 
complex relationship possibly by cowork between the different p63 isoforms 
(TAp63/ΔNp63) isoforms as suggested by results we have seen in wound 
healing.(Thurfjell et al. 2006) In this small series, no correlation could be seen 
between histological grade, hTERT expression and the p63 expression profile. 
 
p63 in buccal mucosa from smokers compared to matched non-smokers. 
Matched pairs of samples from smokers and non-smokers were analysed in 
parallel using real time PCR. Individual variations in levels of p63 mRNAs were 
observed both for smokers and non-smokers (Figure 4 in paper I). Although the 
highest levels of p63 were seen in individuals with a history of smoking, there is 
no statistical difference between levels of total p63 mRNA or of any of the 
individual p63 isoforms in 27 smokers compared with age and sex matched non-
smokers (p=0.337; 0.897; 0.762 and 0.169 for p63α, p63β, ΔNp63 and TAp63 
respectively). Immunostaining of histologically normal oral epithelium from 
non-smokers and smokers showed the previously described patterns of p63 
expression, with strong staining for ΔNp63 in the basal layer, extending up to 
about halfway through the epithelium, whilst TAp63 showed a weaker but more 
extensive staining pattern.(Nylander et al. 2002) The amount of staining varied 
between individuals, but there were no appreciable differences between tissue 
taken from smokers or non-smokers. This shows that there seems to be no direct 
connection between smoking and p63 expression which is another difference to 
its sibling p53 which is over expressed in heavy smokers.(Field et al. 1991) 
However, the highest levels of p63 were seen in smokers, which make it 
tempting to speculate about a potential correlation between the timepoint of the 
most recent cigarette smoked or collaboration with some so far unknown factor. 
 
p63 levels and localisation in laser dissected normal oral buccal mucosa. Nine 
of the 10 laser dissected samples provided sufficient amounts of RNA for 
analysis by real-time PCR. mRNA for full-length TAp63 was only detectable in 
5 out of the 9 samples and at very low levels in the basal part of the epithelium. 
For the N-terminal truncated isoforms on the other hand, mRNA levels could be 
measured in both the basal and the spinal layer with considerably higher levels 
in the basal layer. Analysis of the C-terminal variants indicated that the α-
isoform is predominant and mainly expressed in the basal layer. This is 
consistent with results from immunohistochemistry.(Nylander et al. 2002) The 
very low RNA levels of TAp63 isoforms suggests them to be regulated in some 
other way than transcription of mRNA. In the surface layer of the epithelium, 
beta-actin levels were very low, and levels of p63 accordingly too low to 
measure. Not surprisingly, as this layer consists of terminally differentiated cells 
that do not have very active cell machinery. The p63 isoform pattern we see 

  



follows the differentiation pattern in epithelium quite closely, suggesting that 
ΔNp63α is important in keeping cells proliferating and avoiding terminal 
differentiation. This is further strengthened by p63´s connection to several 
differentiation associated genes(De Laurenzi et al. 2000; Wu et al. 2003) as well 
as its role in regulating pro-proliferative genes such as hsp70 and β-
catenin.(Patturajan et al. 2002; Wu et al. 2005) 
 
 
Paper II 
 
Inhibiting p63 expression decreases cell survival but does not alter proliferation 
or differentiation status. No difference in the number of cycling cells as judged 
by Ki-67 expression was seen between siRNA and control treated cells. In 
addition, FACS analysis did not show any differences in the percentage of 
siRNA-treated cells exhibiting G1, S or G2/M phase DNA content, compared to 
controls. This suggests that p63´s role in SCCHN is not directly linked to cell 
cycle entry as knock down of p63 does not alter the amount of cycling cells.   
No difference in expression of CK19, β-catenin, E-cadherin, involucrin or 
maspin was seen between cells transfected with siRNA’s 1, 2, 3 or 4 compared 
to siRNA control (data not shown). This is a bit surprising as p63 has been 
connected to all these proteins and also has been shown to play an important role 
in cell differentiation.(Barbieri et al. 2006) However, based on our results, this is 
not the primary pathway behind the protection supplied by p63 in these SCCHN 
cells. An effect on these pathways could be blocked by the codon 248 mutated 
p53 protein present in FaDu cells. It has previously been shown that p63 
isoforms interact with this mutated protein, especially p63α and p63γ and 
p53/248 can block their transactivational capacity.(Gaiddon et al. 2001) Even 
though some isoforms of p63 thus are blocked we still see effects on the cells 
after siRNA treatment. Using FDA measurement on cells transfected with the 
different siRNA’s targeting p63, a small but statistically significant decrease in 
survival was seen for cells transfected with siRNA’s 1, 2, 3 and 4, compared to 
the control siRNA (Figure 2 in paper II) Transfection with control siRNA did 
not significantly affect survival compared to mock transfection (Oligofectamine 
alone) (p=0.184715) (Figure 2 in paper II). This shows that p63 has a function in 
these cells even if the higher p63 levels could be a reaction of feed-back loops 
not functioning properly because of the mutated p53 blocking the ability of the 
p63 proteins to activate these feed-back loops.(Ying et al. 2005) 
 
Inhibiting p63 expression sensitizes cells to cisplatin and X-rays. As siRNA3 
targets all p63 isoforms, and also gave the highest effect on tumour cell survival, 
this oligonucleotide was used to study the effect of p63 quenching on cell 
survival after treatment with cisplatin and irradiation. Treatment of cells with 
siRNA3 caused a slight increase in sensitivity to cisplatin treatment compared to 

  



the siRNA control (Figure 3 in paper II). The change was statistically significant 
at 5µM cisplatin (p= 0.044). Radiation sensitivity of FaDu cells was also 
increased in siRNA3 treated cells compared to the siRNA control; p=0.0029 
after 4Gy (Figure 4 in paper II). It has been shown that ΔNp63α is down 
regulated by cisplatin and UV-radiation(Fomenkov et al. 2004) and that p63 
status predicts sensitivity of cancer cells to cisplatin.(Zangen et al. 2005) The 
fact that SCCHN tumours expressing ΔNp63α at high levels are more receptive 
to cisplatin treatment than tumours with low or no expression makes good sense 
as tumours not high in p63 could be mutated in a downstream pathway making 
cells independent of high ΔNp63α for its survival. In that case, down regulating 
p63 by excessive DNA damage by cisplatin or radiation will not help killing the 
cell as the p63 pathway is not working in the first place.  
What these former results together with our results on the effects of p63 on 
cisplatin treatment suggest is that ΔNp63α has a role in protecting cells from 
premature killing or dormancy caused by DNA damage. At least this seems to 
be the main function that p63 has in these cells with the mutated p53. It is quite 
possible that in other SCCHN where p63 function is not blocked higher 
expression of ΔNp63 has an even larger effect on survival.  
 
 
Paper III 
 
p63 mRNA levels in healing wounds and corresponding normal epithelial tissue. 
Of 20 normal and wound biopsies collected, 19 pairs could successfully be 
analysed using RT/PCR. Levels of ΔNp63 and p63α mRNAs were significantly 
higher in wounds with a fold change of 1.24 and 1.31 (p=0.017 and p<0.001 
respectively), whereas TAp63 levels were significantly lower with a fold change 
of 0.5 in wounds (p=0.008) (Figure 1 in paper III). Compared to previous data 
from SCCHN tumours and normal oral epithelium(Thurfjell et al. 2004), there 
were similarities and differences in p63 status. In both wounds and SCCHN 
tumours, levels of the ΔNp63 and p63α isoforms were up-regulated. Levels of 
TAp63 showed a significant down regulation in wounds, in contrast to the non-
significant increase seen in SCCHN. Expression of p63β was not different 
between wounds and control samples, whereas these isoforms are significantly 
increased in primary SCCHN (Table 1 in paper III) (Thurfjell et al. 2004) This 
is interesting as p63β isoforms have been shown to be involved in differentiation 
of corneal cells seen in the upper layers of active corneal regeneration, while 
p63α was seen in the basal cell compartment and in the always more active 
limbal cells.(Di Iorio et al. 2005) The reason we don’t see any difference in 
p63β levels in wounds compared to normal oral epithelium could be that oral 
epithelium is continuously differentiating as it has a high turnover rate. The 
p63β isoforms are also the most active isoforms indicating that small changes in 
their levels could lead to a big change in p63 function.(Ghioni et al. 2002) The 

  



down regulation of TAp63 isoforms seen at mRNA level was not matched by 
data from studies of protein levels which could be explained by protein 
stabilization or posttranslational modifications such as phosphorylation, 
acetylation and sumoylation.(Ghioni et al. 2005) (rev(Watson & Irwin 2006) 
 
p63 protein expression and cellular proliferation in wound healing. At 55 hours 
post-wounding, the wound was covered by a morphologically normal, in areas 
slightly thicker than normal, squamous epithelium (Figure 2 in paper III). As 
previously demonstrated, epithelial cells at the wound edges showed increased 
Ki-67 expression compared to normal epithelium. These proliferating cells also 
showed increased expression of p63α and ΔNp63 proteins (Figure 3 in paper 
III). The epithelium covering the wound showed almost complete absence of Ki-
67 protein, emphasizing the lack of proliferation in migratory cells covering the 
wound surface (Figure 3 in paper III). Expression of the ΔNp63 and p63α 
proteins was also reduced in the wound covering epithelium compared with 
normal unwounded epithelium, especially in the parabasal cells (Figure 3 in 
paper III). The ΔNp63 isoforms were expressed in most of the basal cells in the 
wound covering epithelium, although these ΔNp63 expressing cells were more 
weakly stained and fewer in number than the corresponding cells at the edge of 
the wound and basal cells in normal oral epithelium. ΤΑp63 is found throughout 
the epithelial thickness in normal mucosa but not expressed in all cells in the 
most basal layer. In the epithelium covering the wound, TAp63 protein 
expressing cells were fewer compared to the normal epithelium and much fewer 
compared to the wound edge where increased proliferation also was seen 
(Figure 3 in paper III). An important aspect when looking at the wound images 
is that the cells all through the epithelial thickness have migrated there from the 
lateral sides of the wound. So the cells seen at the surface in the middle of the 
healing wound do not originate from the cells seen in the basal layer below. The 
cells in contact with the stroma also originate from the edge of the wound but 
are different with respect to p63 expression in that they are the only cells in the 
wound tongue expressing much ΔNp63. This suggests that ΔNp63 is indeed a 
marker of proliferative potential as these cells are going to renew the epithelium 
when the wound starts to behave normally and return to normal vertical 
regeneration. 
 
The TAp63 isoform does not follow this pattern. It is not generally expressed in 
the basal cell layer in the wound tongue that doesn’t proliferate or for that matter 
even differentiate. It is, however, expressed in almost every basal cell in the very 
proliferative and differentiated edge of the wound. This pattern is also seen in 
psoriasis, a skin disease with very high epithelial proliferation and quick 
epithelial turnover time. An interesting finding is that psoriasis lesions share 
similarities concerning epithelial thickness, turnover time and TAp63 expression 
pattern with normal buccal mucosa. Buccal mucosa usually has a much higher 

  



turnover rate than skin, as well as more TAp63 expressing cells, further 
connecting TAp63 with rapid generation of epithelial tissue. 
Also the ΔNp63 pattern changes in the different stages of epithelial proliferation 
and differentiation, being co-expressed with TAp63 in most situations. In wound 
edges or other areas with quickly proliferating cells, higher ΔNp63 expression is 
seen. As the different isoforms usually have been considered antagonists this 
may seem like a contradiction. However, as TAp63 isoforms have been 
suggested to be important for the formation of epithelial stratification and 
ΔNp63 has been shown to keep cells in a proliferative state partly by negatively 
regulating differentiation this could make sense.(Yang et al. 1998; King et al. 
2003; Koster et al. 2004) This model fits rather nicely with what is seen in 
wound healing. If the basal layer migrating and covering the stroma is thought 
of as a single layer of epithelium, TAp63 could transform it into a differentiating 
squamous multilayered epithelium.(Koster et al. 2004) Multilayered epithelia, 
however, do not only need differentiation they need proliferation too. This is 
where the high ΔNp63 isoforms expressed in proliferative tissue could work by 
temporarily inhibiting TAp63 and maintaining the proliferative layer hindering 
it from differentiating too quickly. The ΔNp63 isoforms then get downregulated 
and cells stop proliferating and differentiate into mature keratinocytes. Though 
one has to remember that ΔNp63 has its own functions too, and transactivates its 
own set of target genes making this picture not as straight forward as it may 
seem. 
 
 
Paper IV 
 
Decreased BRCA1 expression in p63-disrupted cells FaDu cells(ATCC) 
originating from a human SCCHN were transfected with siRNAs targeting all 
p63 (siRNA3), p63α isoforms only (siRN4) or luciferase (siRNAC) and 
harvested 120 hours later for gene array analysis. Downregulation of p63 in cells 
was shown by both siRNA3 and siRNA4 when compared to control siRNAC 
with a fold change of 0.4 and 0.24 respectively. Downregulation of BRCA1 was 
found with a fold change of 0.51 in siRNA 3 transfected cells and 0.55 in 
siRNA4 transfected cells (Fig. 1A in paper IV), implicating BRCA1 to be a 
downstream target of p63, direct or indirect. Even though siRNA4 was more 
efficient in quenching p63, BRCA1 expression was higher in these cells, 
suggesting that p63α isoforms are probably not the only p63 isoform involved in 
regulating BRCA1 expression. These results lead to further experiments 
characterizing the connection between BRCA1 and p63.  
 
BRCA1 is a transcriptional target of p63 It has previously been shown that p53 
repression of BRCA1 expression requires a 160 bp region within the BRCA1 
gene.(Arizti et al. 2000) Therefore, we wanted to know if p63 also could bind to 

  



this region named BRCA1-RE1. By examining the upstream regulatory 
sequence of BRCA1 by methods described by Osada et al,(Osada et al. 2005) 
we found an additional putative p53-RE located between -921 to -891, 
comprising two tandem repeats of the 10-bp consensus p53 binding motif 
separated by 11 bp. This sequence was designated BRCA1-RE2. ChIP assay 
was then performed in order to examine the ability of p63 to interact with these 
two sequences in vivo. Genomic DNA fragments bound to p63 were analyzed by 
PCR using primers spanning the BRCA1-RE1 or BRCA1-RE2. As shown in 
Fig. 1B in paper IV, p63 did not bind to RE1, suggesting that the regulatory 
region for p53 is not a target for p63. However, p63 was found to bind to RE2, 
the novel p53-RE identified in this study.  
In order to further characterize the role of p63 in the regulation of BRCA1, we 
cloned the promoter sequence containing RE2 into a luciferase reporter vector 
pGL3-basic. Results of the luciferase reporter assays showed that the 
transcriptional activity could be increased via BRCA1-RE2 by all p63 isoforms 
and preferably TAp63β which transactivated the BRCA1 reporter construct with 
a mean fold change of 7.86, confirming a direct role for p63 in the regulation of 
BRCA1 transcription. It has been previously shown that p63β isoforms are 
among the most potent p63 isoforms.(Ghioni et al. 2002) In contrast to p53 
repression on BRCA1 as shown previously, we also found p53 to transactivate 
the BRCA1 promoter at the novel p53-RE (RE2) site, but at lower levels and 
with unstable fold change (Fig 1C in paper IV). It is known that p63 and p53 can 
regulate the same target genes by recognizing different subsets of response 
elements, such as 14-3-3σ, p21  and EVPL.(Westfall et al. 2003; Osada et al. 
2005) The effect of this relationship between BRCA1 and p63 is probably quite 
complex due to different isoforms and difference in tissue types. In our 
experiments we found p63 to directly transactivate BRCA1 in SCCHN cells 
while previous work showed a reverse relationship in a breast cancer cell 
line(Ribeiro-Silva et al. 2005).These conflicting results could be due to the use 
of different tissues. BRCA1 has a special role in breast and ovarian cancer and it 
can be speculated that there are specific modifiers and cofactors important to its 
expression in breast compared to other tissues. The connection with p63 as a 
regulator of such a diverse gene as BRCA1 further suggests p63 to be an 
important regulator of cell fate. 

  



Conclusions 
 

• Mapping of different p63 isoforms in normal oral mucasa and oral 
mucosa during wound healing has given further clues to p63 function, 
suggesting that the balance between the different p63 isoforms is 
important. 

 
• Smoking did not seem to affect p63 expression in our material. 

 
• Over expression of ΔNp63 and p63β isoforms was seen in SSCHN 

compared to normal oral tissue suggesting involvement of these isoforms 
in this disease. 

 
• The p63 proteins as a group are a survival factor in SCCHN cell lines and 

removing them potentiates the effect of common SCCHN treatments like 
radiation and cisplatin. 

 
• A novel p63 responsive element was found in the BRCA1 regulatory 

region and several p63 isoforms as well as p53 can activate transcription 
through this site. 
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