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The epidermis of skin is an essential barrier that protects the body from external stresses and
retains internal body fluidsThe fine balance between cell proliferation, differentiation and
apoptosis as well as a welbordinated immune rgsonse is vital in maintaining a healthy skin
barrier. The iIASPP proteiginhibitor of p53-mediated apoptosis and can potentially function

as a proteoncogene in tumourigenesis. Recent research has also demonstrated the regulatory
role of iIASPP on the tnacriptional activity of p63 in mediating proper epidermal stratification.
Furthermore, early data has suggested that iASPP could inhibit the DNA binding activity of the
NFKB transcription factor p65 which is critical in controlling inflammatory gene esgion.

The aim of this project was to investigate tlaitonomous role of epidermal iASPP in
epidermal development and homeostasising anin vivo transgenic mouse model system.
Moreover, the role of epidermal iIASPP in chemically induced skin carcinogersasl the
possible interaction between IASPP and p65 in keratinoay&¥s examined

Transgenic mice with epidermal spiic iIASPP deletiofK14iASPH -) exhibitedwavy coat and

open eyelid phenotype similar to that observed in the tdtabckoutmodd. K14iASPH - mice
showed focal epidermal thickenings, with signs of immune cell infiltrates in the dermis.
Interestingly K14ASPRieficient mice were more susceptible ©OMBA/TPAinduced skin
carcinogenesis, and had significantly higher papilldueden with early onset of papilloma
development compared to the wild type. Primary keratinocytes exm@ssgher levels of
inflammatory mediators in the absence of IASPP, and abnormal expression of such mediators
was detected in the KXASPH - mouse epdermis.

These results suggest thaepidermal iASPP deficiencyrovided an inflammatory
microenvironment that supports the development of papillomas. Therefeplermal IASPP
plays a key roleni maintaining normal skin immumemeacstasis and offering protection
againstchemically inducedkin carcinogenesig-urther research is required to decipher the
molecular mechanisms by which iASPP modulates inflammatory signalling pathways.
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Chapter 1 Introduction

1.1 Inflammationand Cancer

Progress in cancer research hsised lighton the intrinsic capabilitieghat malignant cells

acquire during multistage cancer development. Such distinctive fundamental properties of
cancer include: sebufficiency in growth signals, insensitivity to gottoliferative cues, evasion

of apoptosis, unlimited replicative potential, #tained angiogenesis and metastasis (Hanahan

et al,, 2011). In additionan inflammatorytumour microenvironment is increasingly recognised

as an important component in carcinogenesis, and has been reféaodda G K®&th ¢aSgS
KFEffYFN] 27 el god15Chhcenelatésl iInflammation can be attributed to the

intrinsic properties of transformed cells promoting grdlammatory signalling due tgenetic

alterations or extrinsic inflammation caused by @mnmental factors, inflammatory diseases

and tissue responsgowardsabnormalcells(Colottaet al., 2009;Trinchieri, 2012)

The conceptual link between inflammation and cancer dates back to the 1860s, when Virchow
proposed that cancers originate from sites of chronic inflammation (Coussieak, 2002
Aggarwalet al, 2009. Various epidemiologicahnd clinical studieshave since provided
evidence illustrating their close interrelationshignown environmental factorcreasing the

risk of tumourigenesis such as obesity and smokingave been associated witpersistent

1
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inflammation (Aggarwalet al., 2009 Grivennikovet al., 2010;Trinchieri, 2012 Inflammation
associated with chronic infection may also contribute to cancer developniéglicobacter
pyloribacterial infection of the gastrointestinal traittcreases the riskf gastric carcingenesis
while hepatitis B and C viral infectigredisposego liver cancerdevelopment(Uemuraet al.,
2001; Boschet al., 2004) Epidemiological data has also inded a link between certain
chronic inflammatory diseases andan increased susceptibility to neoplasmSor example
patients with heumatoid arthritis(RA)are more likely to develop lymphoma and lung cancer,
and those suffering from persistent inflammatory bowel disedH&D)are ata higher riskof
colorectal arcinoma (Smittenet al, 2008 Triantafillidiset al, 2009. Longterm intake of
non-steroidal antiinflammatory drugs(NSAIB) such as aspirin redusethe incidence of
colorectal cancerand may possiblyaffect incidence ofother solid cancersuch as head and
neck cancerillustraing the role of inflammation ifavouringtumourigenesigRothwellet al.,

2012; Trinchieri, 2012).

1.1.1 Protumour Immunity
The protumourigenic effects of inflammation ardought to ke facilitated by the promotion
of genetic instability, angiogenesisumour cell growth/survival and metastasi®eactive

oxygen and nitrogen species produced by inflammatory cells such as macrophages and
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neutrophils might induce DNA damage and generateutations favouring tumour
development. Such oxidative species and inflammatytpkinescouldalsoinhibit DNA epair
through the downregulation of mismatch repair proteins, further enhancing genetic instability
(Colottaet al., 2009; Grivennikoet al, 2010).Proinflammatory cytokines such asmour
ySONRAaAA FHOO2MI R A& nBich 8f DypdialinduBed BEANNS i IDC A Y
malignantcells. HIgh aA 3yttt Ay3 FyR (KS KeéLl2EAnGuceSy SANRYY
the expression ofvascular endothelial growth factor (VEGR)cancer and immune cells,
mediating angiogenesis in support ofiour growth (Grivennikowet al., 2010).Immune cells
infiltrating the tumour mass releaseytokines, growth factors andnetalloproteinasesto
promote cell proliferation, survival and metastasis of malignant cells. For example,
inflammatory signalling pathways could induce the expression ofeguutptotic factors such as

Bcl2 to mediate tumour cell survival (Colotet al, 2009). The epithelialmesenchymal
transition (EMT) of tumour epithelial cells is facilitated by dwsvn-regulation of cell adhesion
protein Ecadherin uponTNFh signalling and the action of tumour growth factar (TGRF )
cytokine produced by cancer and immune cellfiese processes, along with the action of

metalloproteinasedn modifyingthe extracellularmatrix, enableneoplastic cells to penetrate

epithelial linings and metastasi (Colottaet al., 2009; Grivennikogt al., 2010).
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1.1.2 Anti-tumour Immunity

On the other handstudies have indicated the artimourigenic role of the immune system in

hampering cancer developmenflammatory cells are responsibfer the suppressiorand

elimination ofinfectious agents such as viruses and bacteria, some of which impose hikher ri

to developing malignancies with infectioastiologies This issupportedby the higher rates of

certain neoplasms observed in patients whave received solid organ transplants @rho

suffer with the autoimmunedeficiencysyndrome. These immunosuppress patientsshow

KAIKSNI AYOARSYOS NI} i{GS&a Ay 1 2R3ITAyQa feaYLK2YIl &z
associated with EpsteiBarr virus, hepatitis viruses anHelicobacter pylorirespectively

(Grulichet al.,, 2007; Veselet al,, 2011).Moreover,renal transplant recipients also showed

increased prevalence of skin cancers such as squamous cell carcinoma (Hardie, 1995).

Another aspecbof antrtumour immunityis immunosurveillance for abnormal malignant cells.
The expression diimour antigens suctasmutated peptides or overexpressed products could
allow the immune system to differentiate abnormal cells from normal on€arious
immunodeficient mouse models such Bscell and T cell deficie®agz/- mice are prone to
spontaneous intestinal or lurgdenocarcinomasShankararet al., 200t Swanret al., 2007. A

longterm follow-up study on healthy individuals in Japan showed trigher cytotoxic activity
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of blood lymphocytesis associated with reduced general cancer r{gkai et al, 2000).
Research has further demonstrated that cancer cefla generate an immunosuppressive
microenvironment by producingGHF to promote the generation of regulatory T cells and
escape elimination by the immune syst€dMassagué20®; Mellmanet al., 201). Indeed the
avoidance of immunosurveillance by malignant cells is la¢siog referredto asan element of
0KS aaSoSyiK KI(Zivogd eidal., 2006) CantinyaD &d&krch on cancer
immunotherapy isunderway in arattempt to establish and activatihe endogenous immune
response towards malighant cellsuch as antibodies against the inhibitory receptor

programmed death 1 (PD1) expressed on tumspecific T cells to reactivate T cell response

towards cancer cell@vellmanet al., 2011 Ribas, 2012

1.2 Pathological Conditions of the Skin

A fine balance betweelkeratinocyte proliferation, differentiation and apoptosis is vital
maintaina healthy skin barrier during tissue homeostasis and in response to trdiikeavise,
precise control of pranflammatory and antinflammatory signalling between keratinocytes
and immune cells is also essential in terms of tissue immunohomeostasis. Disruption of these

tightly regulated biological systemeadsto the development of/ariousskin diseases.
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A recent analysis looking at the prevalence of skin diseases at a global level has demonstrated
that skin disorders are amongst the most common diseases worldwittejpying4th place
amongst all noffatal diseases (Hagt al.,, 2013). Eight skin conditiorscluding eczema and

acne vulgaris were ranked amongst the top 50 most prevalent diseases, illigthate the
contribution of skin diseases towardke global health burdenWhile skin diseases have a
negative impact on public health in terms of disfigment and fatality, the longerm
psychological distresshat patients suffer due tode-valued body image should not be

underestimated.

1.2.1 Eczema/Dermatitis

Eczema, also referretb as dermatitis is an inflammatory skin condition that reflects a
reaction bwards exogenous or endogenous stimuli, many of which are still unknown. Affected
skin displays redness, scaling and itchiness ta@durrent clinical classification is inconsistent

(Gawkrodgeet al., 2012).

Wi §2LA0Q 801 8YI k RS Naslwithhaigerietic NEdBit0 delopihy R A O A R
such allergies, with high immunoglobulin IgE Isveirculating in their system. These

individuals tend to have defective innate response and significaadaptive response with
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CD4+ T cell infiltration. Patients exhibit abnormal skin barrier function and reduced

recruitment of innate immune cells such as neutrophils alehdritic cells (DC)Decreased

AMP production and mutations in thell-like receptor 2 TLR2 can also be detcted. The

disruption of the skinQ &@nate immunity contributes to the susceptibility of atopic eczema

patients to infections and hypersensitivity. Moreover, a polarisg?l fEsponse with increased

interleukint4 (Il-4), 15 and IE13 production in atopiceczema can influence the innate

immune system. These yd cytokines have been demonstrated to bring about the

downregulation of filaggrin andnti-microbial peptides (AMR)xpression in keratinotgs for

barrier function, andincreased IgE production by dglls (De Benedettet al., 2009; Werfel

2009).

1.2.2 Psoriasis

Psoriasis is a chronic inflammatory skin lesion characterised by demarcated erythematous

plagues covered with silvery scales, and can be associated with the development of arthritis.

Basal andsuprabasal keratinocytes are hypgamliferative in the diseased skin, aatbnormal

infiltration of neutrophils, macrophages and T celis be observed (Gawkrodget al., 2012).
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Studies have indicated that various factors such as T cells, D&Geratidocytes are involved

in the pathogenesis of this autoimmune disease. Stressed keratinocytes signal dermal DCs via

IL-1, IL-6 andTNF" to stimulate the differentiation of naive T cells infohelper () cellSl

and T17. Keratinocytederived chemolnes such as CCL20 and CXCL10 atarainflux of

activated T1/Ty17 cells and result in the development of psoriatic plaques. The T cells in turn

induce Kkeratinocytes to producéAMPs like defensins and S100 proteins, along with

chemokines like CXQGRGOh and CXCL8 for neutrophil recruitment (Schémnal., 2005;

Nestleet al., 2009). Unlike eczema patients, those with psoriatic plaques are not prone to skin

infections, which could be due to the protection offered by increased AMP expression.

1.2.3 Non-Melanoma Skin Carcinoma

Nonmelanoma skin carcinoma (NMSC) has become increasingly prevalent worldwide, and is

the most common type of cancer within white populations (Lomeasl., 2012). The most

common types of NMSC are basal cell carcinoma (BCC) and aggiaell carcinoma (SCC).

BCC refers to tumoatthat derivefrom basal keratinocytes, and is locally invasive but rarely

metastasses. SCC mmore likely to metastasise and tisought to arisefrom keratinocytes of

the epidermis andair follicle (HF), due to the usual features of squamous cell differentiation

SCC retain®Bagherket al., 2001).
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Ultraviolet (UV) radiation exposure has been identified as a major epidemialoigic factor

for skin cancer development. Mutations in the p53mour suppressor gene have been

detected in roughly 50% of all skin cancers, mostly associated wiplific p53 mutations

(Boukamp, 2005).While p53-deficient transgenic miceare prone to the spontaneous

development of lymphmas and sarcomas, the ardéts do not often develop epithelial

carcinomas (Donehowest al., 1992; Harveyet al, 1993). Moreover, p58eficient micein

DMBA/TPA induced two stage skin carcinogenesis astidysot have a higer burden of

benign papillomaslnstead papillomas on p3-/- animals progressd to malignant SCC much

more quickly, suggesting that p53 mutation might be important for malignant conversian

not the initiation of tumour development (Kemgt al., 1993). Another gene mutation found in

around 1020% of NMSC cases is the Bamo-oncogene (Owenst al., 2003; Boukamp, 2005;

PylayevaGuptaet al., 2011). Ras activation in the epidermis has a-praliferative role and

inhibits differentiation, butseems to require additional gene mutations for the development of

malignancies (Dajeet al., 2002; Dajeet al., 2003).

1.2.4 Inflammation and Non-Melanoma Skin Carcinoma

Despitethe various studies mentioned earlier that have demonstrated that certain chronic

inflammatory diseases predispose individuals teoplasia such association in cutaneous
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inflammatory diseasesnd skin carcinoma developmerhtas yet to be establishedEarly

studies of chemically induced skin carcinogenesis on athymicTate! -/- murine models

suggestedin essential role fommune components in promoting papilloma formation, as wild

type mice were more susceptible to tumourigenesis (Gerslawid., 1978; Mooreet al., 1999).

However,the epidemiologicaldata currently availale has yet to establista conclusivelink

between eczema and NMS@Gchmitt et al, 2011) Similarly psoriasis did not confer an

enhanced riskof developing NMSC, although significantly increased risk was observed in

psoriatic patients that hdireceived thepsoralen pludJVlight A (PUVA) treatment\jstenet

al.,, 2003; Nickolofet al, 2005 Brauchliet al, 2009).1t has been speculated thahe skin

might not be regularly exposed to environmental and dietary carcinogenghidiver and

stomach whichcould account for the inconclusive linktiveen inflammatory skin disease and

NMSC (Grivennikoet al., 2010) The pretumourigenic effect of PUVA might be due to DNA

damage and gene mutations in Ras and p53 induced by such treatment (Nzitalaj1996

KreimerErlacher et al., 2007). Moreover, a modest associationwith increasedrisk of

pancreatic cancer and lymphomas detected in patients with psoriagBrauchliet al., 2009).

The precise relationship between inflammation and the development of KM&mains

ambiguous To better understandsuch interaction in the skinjt is essential tofirst

10
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comprehend the biology of the skias well as themajor signalling pathways involved in

dictating its development and homeostasis.

1.3 The Epidermi®f Skin

The skin is one of the largest organs of the body and is made of three different layers: the
epidermis the dermis and the hypodermi$heoutermostlayer, theepidermis is a stratified
squamous epithelium that protects the organism against mechanical treamdgpathological
insults from microorganisms present in the external environment. @piehelial layeris also
responsible for retaining body fluids and preventinglesiccation due to its relative

impermeabilityto water.

1.3.1 Embryonic Epidermal Development

The mouseepidermis originates from a single layer of ectodermal cells specified to the
epidermal lineage, on receiving signals from the dermal mesenchymal cells at around E8.5
during embryogenesis (Greet al, 2003; Kosteet al.,, 2004; Kosteet al., 2007; Blanpairet al.,

2009). The stratification of mouse embryonic skin during embryogenesis begins at E12.5 when
the ectodermal markers K8/K18 are replaced by epidermal K5/K14 expression. Epidermal

stratification completes at E17.5 when the skin barriduily establishedn utera

11
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1.3.2 The Anatomy of the Epidermis

The epidermis is composed of four different layiereflectingthe different stages of epidermal
differentiation Figl.1). The basal layesttatum basalg consists of prdierative keratinocytes
adhering to a scaffold of extracellular matrix known as tlesdment membrane (BM) via
hemidesmosome structures. The BMhich iscomposed of collagens, proteoglycans and
adhesive glycoproteinsupportsthe proliferative potential ofbasal cells and separates the
epidermis from the dermig§Yurchencoet al., 2011) Progenitors of thébasal keratinocytes can
stratify and differentiateupwards to give the suprabasapinous layer gtratum spinosum
This is accompanied by a switch ino&gratin expression from K5/K14 in basal cells to K1/K10
in spirous cells. The newly synthesized K1 and Kt@tokeratins are organised iat
intermediate filaments, and aranchored at intercellular junctionenownas the desmosomes.
These adjoinadjacent spinous keratinocytes to provide theschanical strength required in

the epidermis.

12
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Figl.1 Schematic diagram of the stratified epidermal structure.
The epidermis contains a proliferative bakafter that produces progenitor cells that stratify
and give rise to the differentiated upper layers. The b&saatinocytes are anchorea tthe
BM via hemidesmosomes, and keratinocytes within the epidermis adhere to each other
through desmosomes. Thdifferentiated layers above the basal layer include the spinous,
granular and cornified layers, and each layer expresses specific differentiation markers as

shown in the diagram.

Spirous cells continue to differentiate upwards to form the granular laystraum

granulosun), in which celldepositcornified envelope proteins under the plasma membrane

13
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to be crosdinked by transglutaminaseGranular cells also produce keratohyalin granules
containing prefilaggrin, whichis processed into filaggripresentin the outermost cornified
layer 6tratum corneunp Terminal differentiation occurdn the cornified layer through
destruction of cytoplasmic organellés form enucleatedcornified cells. The Ipid content
derived from lamellar granules is expelled itit@ intercellular spaces between corneocytes to
facilitate skin barrier function. The dead corneocytes graduallyshed from the skin surface,
as keratinocytes differentiate progressively from the basal dayto replace the upper layers

(Candiet al., 2005; Fuchset al., 2007; Kosteet al., 2007, Blanpaiet al., 2009)

1.3.3 StemCell Populations in the Epidermis

Lineage tracingxperiments of the mouse skhrave identified the presence of epidermal stem
cells in thebasal layer ofthe interfollicular epidermis (IFENew born mice were given
repeated injections of nucleotide analogue such abrdmo-2-deoxyuridine (BrdU) and
*H-thymidine, which would be incorporated into the DNA of keratinocytes in the proliferative
neonatal epidermis Braun et al., 2004). Such labels wehen chased into adulthood to
identify label retaining cells, which would represent epidermal stem cell populations that

rarely divide.

14
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Two mechanisms have been proposed to explain how IFE stem cells contribute to skin

homeostasis. The first model describes the existence of epidermal prolifenatite which

consist of one quiescent stem cslirrounded byseveralproliferative transit-amplifying cells

responsiblefor maintainingthe continual replenishment of suprabasal epithelial celamore

recent model suggests that the basal IFE does not necessarily contain-tnaumsitying cells,

but that basal cells can polarigegulatory celllar componentsand divide asymmetricallio

give two distinct daughter cells for stem cell renewal and epidermal differentig@daytonet

al., 2007;Lechleret al., 2007;Sotiropoulouet al., 2012).Further investigation is required to

determine whichmodel best describes the biology of IFE stem cells, although both models

might not bemutually exclusivas the dynamics of stem cell maintenance and IFE homeostasis

might differ under different physiological conditions.

Labetretaining experiments havalso identified stem cell populations in the hair folli¢iéF)

an epidermal appendage which would be described in the section below. HF stem cell was

shown to reside in the bulge present between the sebaceous gland and arrector pili muscle,

and within the K5/K14positive ORS epidermal cells. These HF stem cells have been

demonstrated to sustain matrix cell proliferation for hair growth, and can be mobilised to

15
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contribute to IFE homeostasis upon wounding (Botchkatwal., 2003; Fuchgt al., 2007;

Schnailer et al., 2009).

1.4 Epidermal Appendages

Other than servingas a barrierto protect the body from external stresses and to maintain
internal integrity, the epidermis contains a number of different epidermal appendages that
confer additional functions of #hskin. These include: the pidgbaceous unitomposed oHF,
sebaceous glands aratrector pili muscle the sweat glandsand the touchdomes.The HFs

and sweat glands are important maintainingbody temperature and the production of hair
shafts is involved in the display of animal sobighaviour. The sebaceous glandithin the
pilo-sebaceous unit areesponsiblefor secreting sebum that lubricates the skin and possesses
an anti-bacteral component,while touch dome helps in sensingthe externalenvironment

(Schneideet al.,, 2009; Sotiropouloet al., 2012).

1.4.1 TheHair Follicle
Amongst the different epidermal appendages presentstim, theHF attracts great interest
due to its ability to undergo cycliegeneration throughout mammalian adulthoazhd the

presence of anotheepidermalstem cell population within the mirorgan.

16
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1.4.2 Hair Follicle Morphogenesis and Cycling

HF morphogenesis during embryogenesis and perinatal developraswell as the cycliraf

mature HF all dependn the close interaction dtween epithelial and mesenchymaklls

(Schneidert al., 2009; Sotiropouloet al., 2012).The initial cuefor signallingepidermal cells
to undergo HFspecific differentiationduring embryogenesisomesfrom the mesenchymal
cells instructing themto giveregularlyspaced hair placodes. The hair placedeturn signal
mesenchynal cells underneath to form eondensate structure knownsethe dermal papillae,

whichpromotesthe proliferation and diffeentiation of HF cells to produce the mature follicle.

The postnatal mousefollicle enters its first HF cycle about 16 days after birth and undergoes
HF involution Muller-Réveret al., 2001).The cycligprogressionof HFdevelopmentcan be
divided into hree stagesthe regressive catagen phase, the resting telogen phase and the
proliferative anagen phasgFig 1.2). During catagen, follicular cell proliferation and
differentiation ceasesand the lower twethirds of the HF undergo apoptosisediated
degereration. HF involution in catagen is followed by the relatively quiescent telogen phase,
duringwhich the hair shaft matures into club hair and proliferation is minirmtiation ofthe
anagen phase involvabe activation ofHFstem cells present in théelogen hairbulge and

secondary hair germ for cell proliferati@md differentiation to supporhair growth.

17
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Fig1.2 Schematic representationf the hair cycle and hair follicle structure.

The HF undergoes cyclic regeneration, starting from the anagen phase as cells in the HF matrix
proliferate to give progenitors that form the hair shaft. The HF then progresses to the
destructive catagen phaseuring which the lower twahirds of the HF undergo apoptosis and
regress. This is followed by the resting telogen phase as the DP resides underneath the HF
bulge, until the HF stem cells are activated again feenty into the anagen phase. The HF,
sebaceous glands and arrector pili muscle form the-pébaceous unit. The hair shaft (3 layers:
medulla, hair cortex and cuticle) is surrounded by the 3 layers of inner root sheath (cuticle,
Huxley's, Henley's layer). A companion layer is present thatratgsathe inner and outer root

sheath. The outer root sheath is continuous with the IFE basal layer.

1.4.3 The Structure of Hair Follicles
The mature anagen HF is organized seven concentric layers of cellghat arise from
transiently amplifyingorogenitor cells present in the matrix of mature HF. These progenitors

follow lineagespecific differentiation according tineir positionsrelative to the DP to give rise

18
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to differentiated structures such as the inner root sheath (IRS) and hair shaft. DFhe

mesenchymal condensate is enclosed within the bulb and is involved in
epidermatmesenchymabkignallingduring HF developmentThe outer root sheath (ORS) is

continuous with the basal IFE.

1.4.4 Hair Shaft Structure

The anagerHFsare responsible foproducing fourdifferent hair types found in the mouse

coat: guard, awl, auchene and zigZaajrs (excluding speciatd hairs such as the sensory

vibrissae and tail hair)Different hair types are inducedn embryonic skin successively at

different timings duringHF morphogenesjand differ in hair shaft structure and distribution

on the skin (MilleiRodveret al., 2001). Theedifferences are illustrated ifablel.1 below:

Hair Types: Guard Awl Auchene Zigzag
Size (relative to guard hair) 1(~1cm) 1/2 10 2/3 1/2 to 2/3
Number of medulla columns 2 2c4 1
Number of bends 0 0 1 34
Frequency 1¢3% 30% 0.1% 65-70%

Tablel.1 Characteristics of different hair types found on murine skin.

1.5 The Transcriptioractor p63

The transcription factor p63 is the most evolutionarily conserved member of the p53 gene

family. It has been observed that ectodermal commitment to epidermal fate is preceded by
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the expression of the transcription factor p63 in the development of embryonic mouse skin
(Kosteret al., 2004, Laurikkalat al., 2006). In contrast to the tumour suppressor p53 that
regulates gene expression in causing cell cycle arrest or apoptosissigss signals, p63
plays a fundamental role in epidermal development and homeostasis (@tuat, 2010;

5 6  &t@lK2010). p63eficient mice exhibited severe defects in epidermal morphogenesis,
and were born with the absence of normal stratified thplia leading to perinatal death
caused by dehydration (Millst al., 1999; Yangt al, 1999). These p63 animals were also
devoid of ectodermal appendages, limb and craniofacial development, which required close
interaction between the epithelial anchesenchymal compartments (Mikg al., 1999; Yanet

al., 1999).

1.5.1 The p63 Isoforms

Transcription of the gene p63 can be initiated at two different promoters to give the TAp63

YR GKS pbllco A&2F2N¥ad ¢KS TFANRG LINBey2dGSNI ot
transactivation (TA) domain, the DMMnding domain (DBD) and the oligomerisation (OD)

domain (FidL.3). It has been shown that TAp63 can transactivate the-ngp®rter due to its

homology with the tumour suppressor p53 (Yaal., 1998). The secahpromoter (P2) gives

i
A
w
c

§KS GNHzyOF i8R pbllco Aa2F2NX¥I gKAOK I O1a
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dominant negative inhibitor of p53 and TAp63 transactivation activities (Yatnal,, 1998).
| 26 SOSNE FdzNIKSNJ addzRASAa KIF @S NBOGSIHESR GKS oA

additional transactivation domain at the N terminus (Kétgl., 2003; Heltoret al., 2006).

[TAH DpBD HobDhH

P1 P2 B v

p63 i

TA [TAH DBD HODH SAM [—a

TA [ H H  — B
TA | H H F Y
AN [H H_ —a
aN- [H H B
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Fig1.3 Schematics of p53 and p63 gemstructures, with their protein isoforms.

The p53 tumour suppressor protein contains transactivation domain (TA), DNA binding domain

(DBD) and oligomerisation domain (OD). p63 gene expression can be initiated at alternative
promoters (P1 and P2) to givieet TA andN p63 isoforms. Transcripts can undergo alternative

ALX AOAY3 (2 3IAPS AAE RATTONBYOHKkLEROO DAL FRIBINE BIE
LJpo o0& KI@GAy3d K2Y2t232dza ¢! I 5 notf(SAM. h5 Y2UiATa

20K ¢! LlkJo ol WRI B ONA LJGi & dzy RS NBéehd tb give Sthedst6i A S & LI

different isoforms that differ at their @ SNXYAyYy A oh 3 i X 1 0d ¢KS Llkcoh A&
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h-motif (SAM) and transcription inhibition domain (TID), which are responsibte

protein-protein interaction and hampering transcriptional activity respectively (Sedbeal.

2002; Strauletald> HAMAUOP® ¢KS npbllco A&az2F2NXY A& LINBR2YAY

over TAp63, whereas TAp63 is the predominant isoform in fematgtes to protect the

integrity of the female germline (Yamrgal., 1998; Liefeet al., 2000; Sulet al., 2006).

1.5.2 The Role of p63 in the Epidermis

Two models have emerged to explain for the function of p63 in stratified epithelial
development: p63 could be involved in maintaining the proliferative potential of epidermal
stem cells, or in signalling to ectodermal cells to commit to epidermal cell(failés et al.,
1999; Yanget al, 1999). Various studies have been performed to test these two hypotheses
and to address the contribution of the different p63 isoforms to epidermal development since

the generation of p62ieficient transgenic mice.

It reYl Aya dzyOSNIIAY SKSGKSNI ¢! Lko 2N pbllko
commitment, as both have been reported as being the initial predominant p63 isoform
expressed in the ectoderm (Kostet al,, 2004; Laurikkalat al., 2006). Furthermore, some

have provided evidence illustrating that p63 is required to maintain epithelial stem cells but is

22
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not involved in lineage commitment and differentiation in the skin and thymic epithelia (Yang

et al., 1999; Senoet al., 2007).

The role ofDNp63 in supportig the proliferative potential of the basal epithelium has been
demonstrated by p62leficient mice complemented with TAp63 DNp63 isoforms as well as

human epidermal organotypic cultures in the absence of specific isoforms (€aaidi 2006;

Truong et al., 2006). Mice complemented with basal expressionDbfLJc o N A-gull | LJc o
background exhibited larger regions of basal IFE development when compared to the rare
patches of poorly differentiated epidermis in p@@ficient mice. These studies have also
suggested that TAp63 may be involved in the late differentiation process, as TAp63 was found

to induce transcription of differentiation genes such as K1 and involucrin. However,
2OHSNBELINBaaAzy 2F ¢! LJbackgrouhdyinhibitaddt@minalAefhitial | LJc o b K
differentiation and resulted in progeny with fragile skin (Kosteral., 2004). While p63 is
absolutely essential in stratified epithelial biology, perhaps it is the fine balance between the

¢! ko YR pbllo A&2TF2N)Aa sué #evelopnient @nd hoinéstasid. K S 2 dzi ¢

1.6 The Skin Immune Network
As the first lineof defence against the external environment, the skeeds to initiate rapid

and effective immune responsetowards injuries and pathogensto restore normal skin

23



Chapter 1 Introduction

homeostasis. The concept of skin as an immunological organ has been projposieel

literature multiple timessince 1983in whichthe cellular componentgvolvedin maintaining

cutaneousimmunohomeostasiswvere describedStreilein, 1983; Bost al, 1987; Nickoloff,

1993) Indeed a number of immune cells can be fourdidingin the epidermis anddermis

under normal physiological conditisnand additional immune cell populations are recruited

the organduringcutaneous inflammation.

Other thankeratinocytes which compose the majority of the epidermis, Langerhans cells (LC)

and dendritic epidermal T cells (DETC) can be also be found residing in the epitheliud).(Fig 1.

The collagenich dermis is constituted by dermal fibroblasts, networks o thlood and

lymphatic vasculatures, and scattered with different leukocytes such as neutrophils,

macrophages, mast cells, dermal dendritic cells, natural killer (NK) cells, B cells and T cells.

These cellular components interact and influence each othethie efficient sensing of danger

signals, and to induce the appropriate immune response in the skin.
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Figl.4 Diagram illustrating the different components present that comprise the skin immune
system.
Other than keratinocytes which can function as initiators of skin inflammation, LCs (and DETCs
in mouse skin) can be found in the epidermis patrolling for antigens that have breached the
skin barrier. The dermis contains a variety of immune cells includiagt cells, neutrophils,
macrophages, NK cells, DCs, T cells and B cells. These cells interact with each other to form the

innate and adaptive skin immune network. Blood and lymphatic vasculatures present in the
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dermis facilitate the trafficking of immuncells and chemokine signalling to generate an
efficient inflammatory response. Dermal fibroblasts are also involved by secreting factors that

modulate keratinocyte proliferation and differentiation.

1.7 The Role of Keratinocytes in Cutaneous Imnology
In addition to their protective role ashe mechanicalbarrier against external stresses,
epidermal keratinocyteshave been demonstrated t@ctively participate in skin immune

responses.

1.7.1 Keratinocytes Sensing Danger Signals

Keratinocytes are capable of sensing danger sigbglgecognising ptnogenassociated
molecular patterns (PAMP®Yy dangerassociated molecular pattern (DAMPs), which refer to
the conserved structures shared by microbial pathogens and toxins respectiViety
recognition of PAMPAMP occurs via binding td LRpresent on the surface of keratinocytes
(TLR1, 2,-8) or in endosomes (TBRX 9) within the cell Nestleet al.,, 2009 Di Meglioet al.,
2011). The binding of TLR ligands to the recepleads to theactivation of downstream
signalling pathwayand the production oAMP, cytokinesand chemokineto mediate innate

and adaptivecutaneousmmunity.
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1.7.2 AMP Production by Keratinocytes

lat d &adzOK | & -dédendin& &l 3100\ pofeiyisiaFe cationic peptides that protect
epithelial surfaces from microbial infection. Their positive charge allows them to lyse anionic
bacteria walls by forming pore complexésViP production can be endincedin keratinocytes
upon the stimulation of TLRs Ipyo-inflammatory gtokines such a#l-1, TNFh, IL-17A and

IL-22 (Nestleet al., 2009;Di Meglioet al., 2011).

1.7.3 Cytokines from Keratinocytes

Cytokines are polypeptides or glycoproteins that function in modulating inflammation through
their pro-inflammatory or antinflammatory properties. Keratinocytes produce a wide range
of cytokines constitutively or in response to inflammatory signdissimulated keratinocytes
constitutively express certain pro-inflammatory (e.g. IL-1, 6 and TNFh) and
anti-inflammatory cytokines €.9. TGH UEstpression of these cytokines along with additional
inflammatory componentge.g. CXCL1,-10 and GMSCVFis further enhanced in activated
keratinocytes. These keratinocytderived cytokines mediate the close crosstalk between
epidermal cells and other cellular components of theinsko regulate cutaneous

immunchomeostasigNestleet al.,, 2009; Di Megliet al., 2011).
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1.7.4 Interleukin-1 inthe Epidermis

Amongst the many cytokines presenttire skin,IL-1 wasthe first to beidentified and exhibits
various pleiotropic biologtal functions It is involved in ppmoting B cell proliferation and
maturation, T helpercell andDC activationand upregulation of adlesion molecules on
endothelial cell{Lugeret al., 1982 Pikeet al,, 1985;Nestle,et al,, 2009;Galay et al., 201Q
Simset al., 2010Q. Keratinocytes expresaembers of the H1 familyconsistingof three ligands

(IL-m h =mi L [ L-¢RR along with two receptorglL-1RI and H1RI).

BothIL-mh  IL¥i Rare constitutively syntheséd as 31kDa precursors (pttm h T -ILisIN@
keratinocytes. The prb [ MmN LINSShibimhichllg Mdtive but has been shown to be
processed by calcidependent calpain ata low frequency to give mature 4iah AY
macrophages (Carrutlet al, 1991).In contrast, pro-L [ Nl inert and requires caspase
1-mediated cleavage in the inflammasome to release the mafuretional 17kDa Ikm i Qi

the two, IL-m h s the predominant form produceih keratinocyteswhich couldbe explained

by thelimited caspase 1 activitgietectedin these cellsHowever, the reverse is observed in

immune cells such as macrophages, LC anth®@ich Ikmi R2 YA Y I-MSa Dy iRKE[ L [

ligands have similar biological activities, althougmlt. | Ot a 20 tfe o0SAy3a GSi

plasma membranevhile IL-m | s sdcreted and exerts its effect systematicéimset al., 2010).
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Thell-1Raligandis an ILLR antagonist as itcompetes with L1 for the receptor budoes not
induce any downstream signallinghe biologically inactive receptor-1RIItakes on asimilar
inhibitory role n IL-1 signalling. This iachievedby it being releasednto the extracellular
environment to sequester ligands or to act as a decoy receptor in competition witRIlEor

ligands(Gabayet al., 2010, Simst al., 2010)

IL-1 binding to the LRI receptor is followed by the engagement of accessory protdiRNCP.
The complex formed triggers further recruitmeaf the adapter proteins MyD88, IRAK and
TRAF6, which leads tihe subsequent activation of signalling pathwagach as nuclear
factor-* . -0 b @Craitogenassociated protein  kinases (MAPK) p38, extracellular
signatregulated protein kinases (Erkl/2activator proteinl (AR1) and eJun Nterminal

kinase (JNKpaklatvalat al., 1993;Dunneet al., 2003;Gabayet al., 2010)

1.7.5 KeratinocyteDerived Chemokines and Growth Factors
Keratinocyteproducea number of chemokines that have chemotactic properties and regulate
the dynamics of immune cell infiltration to the ski@ther than Ikl which acts as a
chemoattractant for neutrophils and macrophagesxamples ofchemokines produced by

activated keratinocytes includeXCLICCL5/RANTES a@€L2MIP-o " GXCL1is chemotactic

29



Chapter 1 Introduction

for neutrophils and suppost epithelial proliferdion during wound healing (Wernest al.,

2003).CCL5/RANTERBracts the infiltration of monocytesT cells and eosinophitsto the skin,

whereas CCL20 is a potent chemokine for recruiting dr@sT cell§Schall.,et al., 1990;

DieuNosjean et al., 2000).Moreover, activated keratinocytes can se@arowth factors such

as GMCSFstimulatingthe survival and activation of macrophages and neutrophils, as well as

promoting angiogenesis (Hamilton, 2008; Magtial., 2010).

Thevast collection of dgkines and growth factorderived fromkeratinocytes play important

roles in interacting with other immuno-competent cells and together modulate the

progression of cutaneous inflammation. A quick overviewhefimmune cellghat participate

in thisprocess ioutlined in the following sectiorAlthough not listed below, it is important to

keep in mindthe contribution of the blood and lymphatic vasculatures in transducing

inflammatory signals and recruiting immune celsithelia¥fibroblast interation in the skin

has also been recognised to contribute to skin homeostasis, as keratinocytes can stimulate

fibroblasts by secreting factordgke IL-1. Stimulated fibroblastshen signal back in a double

paracrine mannerthrough factors such as keratinotey growth factor KGF, heparin

bindingepidermal growth facto(HBEGF) and 46 to promote keratinocyte proliferation and

differentiation (Werneret al., 2007).
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1.8 Innate Skin Immunity

Innate immunity provides a rapidre-existingdefenceresponse against pathogens by directly
discriminating between self and neselfpatterns (Fig 15). Such recognition is mostly
mediated by pattern recognition receptar (PRRs)present on immune cells binding to
PAMP/DAMP4.eukocytesuch as neutrophilsnacrophagesmast cellsand NKcellsform part

of thea 1 AinAddedimnunity along with keratinocytes

Innate Immunity
Rapid, non-specific response

Granulocyte:
neutrophil,
eosinophil,

basophil

Mast cell @
NK cell
T cell
Langerhans cell

: ©
%~

Macrophage

Fig 1.5 Diagram illustratingthe types of immune cellsinvolved in innate and adaptive
immunity.

The innate immunity provides firdine rapid nonspecific response against pathogens. In
addition to soluble factors such as complement proteicesljular components of the innate
immunity include: mast cells, macrophages, LCs, granulocytes (neutropbgsjophils and
basophils) and DCs. NK cells participate in innate immunity, but have been shown to be
involved in adaptive immunity as well. The adaptive immunity providleaser antigerspecific
response against pathogens, and creates immunological mgniaells and B cells, as well as

the antigenspecific antibodies produced by B celis involved in adaptive immunity.
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1.8.1 Neutrophils

Three types of granulocytare presentin the immune system: eosinopgilbasoph# and
neutrophils, the latterbeing themost abundantin steady state Neutrophils and eosinophils

can phagocytose andiestroymicroorganismsa process mediated by the presence of granules
in their cytoplasm. These granules are composed of various-raictiobial cytotoxic
components, proteinases and hydrolases, which are then responsible for degrading ingested
material in the phagolysosome. Basophils on the other hand have histamine grahates
cause a local inflammatory response and dilationof the vasculaturewhen released.
Neutrophils can respond to a number of chemotactic stimuli such as complement component
C5a,IL-8 andCXCLland are the predominant leukocytes present during the early stades
acute inflammation. Neutrophils are shdited and are quickly replaced by infiltrating

macrophages as inflammation progresses (Guretel., 2008).

1.8.2 Macrophages

Upon chemotactic signals, macrophage precursors known as monoayigste out of
circulation and differentiate into macrophages to reaoflamedtissues Macrophageatrol
the tissues and participate in innate immunity by phagocytosa antigenic materials.

Macrophagesthat have taken up antigens can serve as antigen miasg cels (APC) for

32



Chapter 1 Introduction

lymphocytes in the lymph nod® stimulate the activation ohaiveT cells These phagocytic
cellscan be classifiethto three categories based on their function: classically activated M1,
alternatively activated M2 and regulatory macrophages (Muetgl., 2011; Pasparakét al.,

2014). M1 macrophages aretivated by TLR ligands and #FNE | Y R LIN#aRmdatr$ LINE
cytokines.Researchas shown that these phagocyticM1 macrophagesould beresponsible

for acute and chronic skin inflammatio@n the contrary, M2 macrophages are immune
suppressiveand proangiogenicdue to the productionof IL-:10, VEGFRand TGH & wS 3 dzf | { 2 NB
macrophages also have aiiflammatory functions § secreting H10 when their FR cell
surfacereceptors are bound tethe Fc region of antibody moleculds has been demonstrated

that macrophages are plastic in nature and can respond rgiffidy according to the
microenvironment they are exposed to. For exam, macrophagesan differentiate nto

the M2 subtypeupon sasinglL-4 secretedfrom basophils.

1.8.3 Dendritic Cells

APCs are capable of capturing, processing and presenting phagocytosed antigens on their cell
surface to stimulate naive T cells, providing a link between innate and adaptive immunity.
Other than macrophagef)Cs are knowto serve as professional AP&xl can crosgresent

exogenous antigens to CD8+ T cells via thegjor histocompatibility complexMHQ Class |
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receptors. The skin harbours two populations of DCs, the epidermal LCs and the dermal DCs,

which are located in distinct regions of the skin (Mest al, 2009; Di Megliet al., 2011,

Pasparakiset al., 2014). LCs reside in the suprabasal layer of the epidermis to capture

pathogens that have passed the cornified layer. Studies have demonstrated that LCs can

present antigen epitopes to CD4+ T gealhd induce 2 production by T cells. However, the

exact role of LCs in skin immunity is still unclear, as opposing evidence has also been presented

where LCs caused T cell anergyiiteanune unresponsiveness. Dermal DCs can activate T cells

to generat either the preinflammatory T1/Tyl7 or the antinflammatory T2 response

depending on the DC subset involved (Hesithl., 2013; Pasparakét al., 2014).

1.8.4 Mast Cells

Uponthe binding of antigen IgE onto their cell surface receptor,FaBst cells are activated to

release preformed cytosolic granuledich containa cocktail of preinflammatory substances

such as histamine, tryptase, VEGF amFh (Urb et al., 2012).The releasednflammatory

mediators can cause arincrease in vasculate permeability vasodilation andmodulate

responses of other immune celksich as ecruiting neutrophils andy2 cells (Bischoffet al,

2007;Urbet al,, 2012; Pasparakes al., 2014).
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1.8.5 Natural KillerCells

NK cellsare cytotoxiclymphocyteghat areaccountable fodestroying virusnfected cells. The

lower expression levelof MHC class | proteins ornirally infected cellscompared to healthy

cells allows for thie selective recognition by NK cells. Furthermore, NK cells are capable of
producingcytokines suchasIFN G2 FF OAt AGF GS Oed21AyS ONR&aadidl f
et al., 2001).0Other than the role of NK cell in innate response, further investigation is required

for its possible involvement in adaptive immunity as demonstratedrdgent studies on

memorylike NK cells that could mediate robust contact hypersensitivity response to repeated

haptens exposure (O'Leagy al., 2006).

1.9 Adaptive Skin Immunity

Adaptive imnunity can be stimulated with the help of the innate immune systenand
provides an antigenspecific immune responsdmmunological memory is generated in the
process toenable arapid and enhanced secondary resporiséhe organism is subsequently
exposed to the same antigefhe main effectors of adaptive immunity areaid T cellswhich
are stimulated byAPCs such as macrophages and. Diiz adaptive response can be broadly
divided into two classeghe cellkmediated responsealelivered by T cells, and the humoral

response mediated by antibodies from B cells.
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1.9.1 TCells

T cells are present in the basal and suprabasal epidermis, and also in the derstesing

aroundthe epidermaldermal junction and blood vasculatigéNestlest al., 2009;Di Meglioet

al.,, 2011; Pasparakist al., 2014).Celimediated adaptive immunityis established by the

biological activities of T cells.

CD4+ and CD8+Ells

Two main classesf T cells have been identified: CD4+ helper T @alisresponsiblefor

regulating the immune responses of other cells such as B cells, macrophage<R8d

cytotoxic T cells; wherea€D8+ cytotoxic T celldll infected host cells via receptor/ligand

mediated or granule exocytosimediated cell lysisBothtypes of T cellshaveT cell receptors

(TCR) thatecognise antigempresented on MH@nolecules and ther interaction is facilitated

by the surface cereceptors CD4 and CDBCR can exist as either thei K SG SNRE RA YSNJ 2 NJ

heterodimer, with the majority of peripheral T cells expressing theTCRCD4 on helper T

cells binds to class Il MHC proteindjile CD8 on cytotoxic T cells stabiig@nding to class |

MHG. This directs different T celfpes to interact with specifitarget cells, as class | Md@&re

present in all nucleai@ host cells but class Il can ol found on certaircells such as APCs

and B cells (Nestlet al., 2009; Di Megliet al., 2011; Pasparakes al., 2014).
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Subclasesof Bfector TCells¢ Tql, T2, Tol, T2, DETC

CD4+ and CD8F-cells activated through antigen presentatipean differentiate into further
subtypes depending othe mixture of cytokines present ine microenvironment (Woodland
et al., 2003). CD4+ T cells can differentiate into eithglr dr T2 effector cellswith different
cytokine production profilesThe development of JL can be promoted by cytokines liKel2,
and resulsin the secretion of TNF I YR 1i@b F OGAGF GS YI ONRBLKLEIF IS
T42 cells, prompted by cytokines like2lproduce different cytokines such asdliard IL-:10 to
stimulate B cellantibody productionand the activation of mast cells and eosinophils
Therefore, the prenflammatory environment created bthe Tyl response is ideal to tackle
intracellular pathogenswhile the relatively antinflammatory Ty2 response is suitable when
facing extracellular pathogenkikewiseCD8+ cytotoxic T cell differentiation intiee Tc1 and
Tc2 subtypes has been demonstrdtevhich showed different homingpecificitesinto tissues

without affecting ther cytotoxic activity (Woodlandt al., 20(B).

A unique population of T celles been identified ithe mouse skin epidermis and referred
as DETG DETE express theinvariant ‘4{-TCRthat recognizes antigens on stressed
keratinocytes They producecytokines such as IFN I y2RandLtHerefore donot fit into the

Tyl/T2 clasdication. These skinesident DETCs seem to play important roles in regulating
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keratinocyte proliferation as well as maintaining the amicrobial skin barrie(Sharpet al.,

2006; MaclLeockt al., 2013.

1.9.2 BCells

Antibodies produced by B cells medidtamoral adaptive immunity by inactivating antigens

and marking them to aid the recruitment of phagocyiaseliminatingpathogens.Analogous

to T cell activation, naive B cells are stimulated as B cell receptors (BCR) bind to processed

antigens presente@n MHC Class Il proteins. Each B cell clone makes antibodies with unique

antigen binding sitg and undergoes clonal expansion when activated. The B cell progenitors

then differentiate to give either antibody producing effector cells or memory B cells. The

presence of memory B celidlows fora rapid humoral responsevhen the body is chahged

by the same antigen agaiAvyaloset al., 2014).

Unlike T cellswhichare present in both the epidermis and dermis, B cells are not present as

extensively as T ts in normal healthy skin. B cells actively infiltrate into the skin from the skin

lymphatic networkin response tacCCL2G&ignalsduring cutaneous inflammationnfiltrating B

cells express high levels of MHC Class Il, CD80/86 anca@Dhave beersuggeste to be

responsible foractivating T cells present in the inflamed sk®eherinet al., 2012) Further
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research on the contribution of B celin skin inflammation is required, as B cells were

previously thought to play only a minor role in maimntaig skin homeostasis.

1.10 TheNFkB SignallingPathway

The ontrolled coordination ofthe immune system is an important paof the maintenance of
tissue homeostasis. Theuclear factorkB (NFkB) signalling pathways well established as
having acentral role in transactivatinggenes involvedn the development and function of
immunity such as prenflammatory cytokines HL andTNF", adhesion molecules ICAM and
immunoreceptor MHQIass (Oeckinghaugt al., 2009) Moreover, NFKB can also modulate
the expression of genes such as growth factors and apoptotic mediatoesritrolling cell

proliferation and survival.

The mammalian NkB family of transcription factors consists of five different subunits:
p65/RelA p50/p105(NFkB1),p52/p100(NFkB2), RelB and-Relwhich exist as homodimers
or heterodimers(Li et al., 2002;Haydenet al., 2008; Pasparakist al, 2009).All members
contain the Nterminal Relhomology domain (RD) required for subunit dimeasion, nuclear
localisation, and bindingp NFkB consensus DNA sequen¢Em1.6). Thep65, RelB and-Rel

subunits have transactivation domainsAjTat thar Gtermini to activatethe transcription of
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target genes. The@50 and p52 members are generated by proteolytic processing of their

precursors p105 and plQ@@spectively. The precursor proteins p105 and p100 haterr@inal

ankyrin (ANK) repeats thare absent from p50 and p52Zhe lack of A domainon p50 and

p52 meanghat they are transcriptionally inactive on their own, but thabilitiesto bind DNA

and to dimerse with TA domaincontaining subunitsallow them to participate in gene

regulation.

In unstimulated cellsNFkB dimers are present in the cytoplasm, and are kepiiive by

associatingwith inhibitory kB proteins(Liet al., 2002; Haydert al., 2008; Pasparakit al.,

2009).The kB family is characterised liie presence o ANK repeatsat the Gterminus and

consistsofk. "IZ il & sL ' YR (KS I &3k OKBNIY e meSuxshrs 6 .

pl05 andpl00 also acin a similar wayas the inhibitory IkB with similar Gterminal ANK

repeatsto concealthe nuclear localisation sequence (Np&sentonthe RHD.
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A RHD
I Ser'276 I Ser'536
p65/RelA N TA ||551
c-Rel N TA 619
RelB N TA | 579
Lz J 435
p105/50 N 969
GRR ANK
Js 405
p100/p52 N 900
GRR ANK
B kBa 317
IKBB | 356
IKBe 500
Bcl-3 446
I —

ANK
Fig1.6 Members of the Mammalian NkB Family.

(A) Schematicrepresentation of the NkB family members, all of which contain the
Relthomology domain (RHD) where the nuclear localisation signal (N) resides. RelB has an
additional leucinezipper domain at the Nerminal end. Examples of serine residues acting as
phoghor-acceptor sites on p65 are indicated in the diagram. p65, RelB 4l bave a
transactivation domain @) for activating target gene transcription but not p105/50 and
p100/52. Instead p105 and p100 contain the glycine rich region (GRR) and anlpgatsre
(ANK) at the @ermini. The arrows indicate where proteolytic cleavage occurs to generate p50
and p52 respectively.

(B) Schematic representation diB family members, all containing the ankyrin repeats for

protein-protein interaction.
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1.10.1Canonical ad NonCanonical NfkB Pathways

The NFKB signalhg pathway can be activated in response to a wide range of stimuli, and two

distinct courses of activation have been described: the candniaaticalpathway and the
non-canonicalalternative pathway (Let al., 2002; Haydemt al., 2008; Pasparakét al., 2009).

Both pathways require the phosphorylation activities of the IKK complex which is comprised of

two catalytic subunitd YYh K LYYM | YR LYYIi KLYYHNEKBEsgeRtiali KS NB 3

modulator(NEMQ.

The canonical pathwagan be induced by most physiological stimuli sucprasnflammatory

cytokines and activated TLRs(Fig 1.7). Adapte proteins are recruited to the stimulated

receptors forintracellular signalling cascades, whilbsequently results in the activation of

theLYY O2YLX SE® LYY A& YIAyfé NBaLRYy&arotS F2NJ
serine residuedn this classical pathwdy t K2 & LK 2 NB f | { S polyubi§uitiatioh & Y I NJ S
and is degraded by the 26froteasome. This releases the sequestered-kBFdimers

predominantly the p65/p50 heterodimetop translocate into the nucleus for genetavation (Li

et al, 2002; Pasparaket al., 2009).

42



Chapter 1 Introduction

Antigen, CD40L,
cytokines BAFF,

TLR ligands LT-B
Cell membrane

A. Canonical .\. ’ B Non-Canonical
NEMO
[ ® |NEIVIO| (

® Ka IKKB —
IKKa NKKB
IKB

¢ N
R o
® Wac

IKB
RelB
5o
(P) Ut

Ub

Nucleus

=

—|_KBsite Target genes

¢ X

Inflammation, Lymphoid
proliferation, organogenesis
cell survival

Figl.7 Canonical and noanonicalNF . AA 3yl ftf Ay3 LI Kol &ao
(A) The canonical NF. LI dKgle& OFry o6S GNARIIASNBR o0& I NJF
R2oyailiNBlIY aAaylrttAyd YR LK2aLK2NBftFGA2Y 27F |

phosphorylates IKB, marking it for polyubiquitination and proteosomal degradatibis. T
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releases the p65/p50 heterodimer to translocate into the nucleus and transactivate target

genes responsible for controlling cell survival, proliferation and inflammation.

(B) The norcanonical pathway can be triggered by a limited subset of ligan@slKKcomplex

Ada FOGAGFGISR dzll2y LIK2AaLK2NEBf I GAZ2Y 2F LYYhI GKA
pl00 undergoes proteolytic processing to give the mature p52 subunit. The RelB/p52

heterodimer then enters the nucleus for gene transactivation.

The non-canonical pathway responds only to certain TNF family cytokines such as CD40L, BAFF

and lymphotoxin &6 [0E&E | YR A& YIFAyf& Ay@2f dSR Ay f&YLK2.
development(Pasparaki®t al., 2009;0eckinghaust al., 20L1). Activationof the alternative

LI GKgl & Aa RSihd®adle phgsiphoslafeplD0forthe generation of p52 to give

the transcriptionally activgp52/RelBdimer.

1.10.2Activation of p65by Phosphorylation

In addition to thenuclear translocation of released MB dimers, NFkB complexes can
undergo postiranslational modificatioa such as phosphorylation and acetylation to provide
further control of their transcriptional activitiesp65 is known to be a major target for
phosphorylation by a number of kinasesitt serine phosphomacceptor sites§chitmzet al.,
2001;Chenet al.,, 2004).The 8r276 residue withirthe RHD is phosphorylated by the catalytic
subunit of protein kinase A (PKA) and mitogand stressactivated kinasel (MSK1) upon

lipopolysaccharideL(P$and TNF" stimulation respectively. Thee36 residue withirthe TA
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domain can be phosphorylated byNF"/ LPSactivated IKKs, or by the ribosorsalbunit
kinasel (RSK1) in response tolllor p53 activation(Chenet al., 2004; Rouwet al., 2004)
Phosphorylation o065 promotesits binding withthe transcription ceactivator CREBinding

protein (CBP)/p30@nd thus enhances the transactivation abilityp®b (Schitmzet al., 2001).

1.10.3NFkB in Cutaneous Inflammation

Expressiorof NFS . 02 YL y Syaba WEHwzOK WmH |yR LS .h KIF& 0685
basaland suprabasatpidermis of mouse skin under normal physiological conditi@eitzet

al., 1998;Budunovaet al., 1999 Mulero et al., 2QL3). The role of NF . Ay amrhatiof Ay Tf

hasalsobeen investigated using transgenic mouse modkdking or overexpressirthe NF¢ .

pathway.
1.10.4Skin Inflammation upon N . | QG A @I GA2Y
Transgenic mice overexpressingY i Ay 0 KS (KEKYIA Heveéldg Acéitaneous

inflammation 2 weeks after birthand havebald hyperplastic skimvith abnormal epidermal
appendagegPageet al,, 2010).Increased N . | OUAGAGEe Ay GKS SLIARSNYA

dermalinfiltration of macrophages and T cellgp-regulation of the productionof cytokines

such as Hw h =6, TINF" and GMCSF couldIsobe detected in keratinocytegverexpressing
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LYWS5IKYI &1Ay NI yimmihddgfiGidntiQD2SCIbricgttinlack functional T
and B cellglid not impede the development of such skin lesidnenceadaptive immune cells

do not seem to play a role in this model of skin inflammation.

Mice deficientnL € . h & dzf ¥ S NI Rrganidfaranyatiot antl died dabrily Zafter birth.

The inflamedskin from these mice showed an increase in keratinocyte proliferation and

infiltration of B and T cells (Begt al., 1995; Klementkt al., 1996; Rebholzt al., 2007,

Pasparakigt al, 2009.¢ KS Ay Ff I YYI {2 NB & Mitg/ouldlse Eegeediy LIS Ay L
either crossing into the Rag?2 background to remove T and B lymphocytespgrknocking

out p65 expression in the epidermis. Moreover{ -/-skinonly showedsigns othyperplasia

andthe ablation ofL ¢ . h S E LINB & & A 2 yfes and Tcadl@nasitequiredl Nalindluce 2 O

skin inflammation. The studies suggest that increased NF | O A @th Kefaihgtytesy 0 2

and T cells caimduce skirinflammation, which maype dependent on p65.

A recent study using skipecific peSknockoutmice (K14p659 illustrated that these mice
were lesssusceptible towards the skin inflammatory and hyperplastic response induced by
12-O-tetradecanoyil3-phorbol acetate (TPA) treatment (Kiret al, 2014) Reduced

infiltration of macrophages and granulocytes was observed intid2#ed K14p65-°skin and
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p65 deficiency inhibited the expression of grdlammatory cytokines and chemokines by
keratinocytes This finding was complemented by a previous stwtiych showedthat knockin
mice with constitutively active p65 (p65 S276D) dispthgystemic hypeinflammation in

organs such athe skin, lungs and liver (Dorg al., 2010).

1.10.5Skin Inflammationupon N . LY KAOAUA2Y

Although increasel NFS . aA 3yl f £ Ay 3 anidifrupf tieNcbitdindoyistmnene Sa O
system other studies have demonstrated thatdampening of NF . I O &l€bicaude OI y
inflammatory skin lesionaVhileL Y Wverexpression in thenouseepidermis (K8KY i 0 O dz& SR
skin inflammation, atransgenic mouse model with cutaneous deletionliY i ARy f'H

exhibited epidermal hyperplasia anthflammatory skin lesiongess than a week after birth
(Pasparaki®t al., 2002). KY i deficiency in keratinocytebad impaired N¥B activation but

did not affect cell proliferation, differentiation and apoptosiShissuggess that epidermal

hyperplasia was secondary to skin inflammation.

Another mouse model with epidermal expression of the supgressork. " G KF G Aa NB&A:
to proteolytic degradation (K&. " { w0 deVefoge@ skin inflammatiorand epidermal

hyperplasia (van Hogerlindegt al., 1999). Spontaneous SCC development was obsenved
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these animals later in life. Both cutaneous inflammation and tumour development were

prevented when mice were crossed iniol NFRAdeficient backgroundout not when crossed
into anIL-1R1background illustrating the requirementor TNF signalling in mediating suah

skin phenotype (Lindt al., 200%).

All these studies illustrate thimportance of NF . Ay NX 3 dzf lotibhgbsasisidnd y
the involvement of keratinocytes as initiatoo$ skin pathogenesis. They also empbedithe
need fora better understanding bhow NF¢ .signalling can be modulated to give opposing

effects on skin immunity.

1.10.6NF* :Independent Functiorof IKK in Skin

Recent studies have illustratetie NFS . A Y RS LIS y R S yKiK corfipdnérids Whicly” &
GSNE 2y 0S (K2dAKI( pidteins ©EckingHalied 4l F2000).InFsRi YLYh,
functions to promote § NY A y I £ RA T F S/NBige éxhibitdpldernyal thickenihgYbiyt h
do not have the outermost cornified layek. Y ¥-keratinocytes undergo hyperproliferation in

the absence of terminalifferentiation, which an be reversed bye-A y i N2 R dzO Aigg3

kinase activity and in the absence of NEMO bindlihget al., 2001; Siét al., 2004)
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1.11 The Biological Significance of IASPP

In view of the importance of transcription factors p63 ap@5 in regulatingepidermal
development and homeostasits is important to gain a better understanding of the regulators
involved in controlling their transcriptional activities. One such regulatdhésinhibitor of
apoptosisstimulating protein of pS3iASPPprotein, whichserves as a binding partner of both
p63 and p65 andouldpotentially regulate their activities in skiMoreover, iIASPP is known to
inhibit p53mediated cell death and might contribute in the pathogenesis of skin carcinomas

(Yanget al., 1999; Bergamaschit al., 2003).

IASPP is the most evolokarily conserved member of the ASprBtein family (Bergamascheét

al., 2003). Themomenclatureof the ASPP family reflects both tructural signatureankyrin
repeat, SH3 domain, and phnoé-rich containing protein (ASPP) domains shared among
members, as well as their function as apoptedisulating protein of p53Members of the
ASPP family: ASPP1, ASPP2 and iASPP resemble each otheCdeth@nal ends where the
ASPP signature seences are located~(g1.8A). The ASPP proteins are most well known for

their regulatory roles in facilitating cell apoptosis mediated by the p53 family.
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A ASPP1
a Pro| | Ank SH3 1091
ASPP2
a Pro| | Ank SH3 1128
iIASPP
Pro| | Ank SH3 828
RAI Pro| | Ank SH3 403
l I |
p53, p63, p73, p65/RelA, PP1
B

Pro| | Ank wa3

Pro| [ woe2

Fig1.8 The ASPP Protein Family.

(A) Representation of the ASPP1, ASPP2 and iASPP/RAI proteins. All members contain the ASPP
signature domain: prolingich (Pro), ankyrin repeats (ANK) and SH3 motifs at therriinal

ends. The @erminal end is responsible for interacting with proteinrpeers such as PP1 and

the p53 family. ASPP1 and ASPP2 laaNe RRA U KBY ROt R2 Ydedmjhi. 6h 0 G GK
(B) Representation ahe iASPP truncatiomutations detected in spontaneous mutant mice

wa3 and woe2Expression of iASPP is disrupted by the wa3 mutation, and the woe2 mutation

is likely to have resulted in a complete loss of IASPP function.

The iIASPP protein was initially identified as the Rekociated inhibitor (RAI) protedue to
its ability to nteract with p65 ina yeast twehybrid assay and to inhibithe DNA binding
activity of p65 when cdéransfected in human embryonic kidney cells (Yanhgl., 1999; Takada

et al, 2002). Subsequently it was discovered that the 403 amino acid RAI reprassmster
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homologue of the 828 amino acid fildingth iIASPP proteinyith which it sharesimilarities at

the Cterminal endand is expressed predominantlyhe @erminal region of IASPP provides

the interacting sitefor proteins such as PP1 (Llaretsal, 2011), p65 (Yangt al., 1999), and

the p53 family consisting of the p53, p63 and p73 members (Bergameisahj 2003). The

N-terminus of iIASPP is required for the cytoplasmic localisation of the protein, which could

explain the nuclear localisationf ®Alon account of itmissing the Nerminus (Yanget al.,

1999; Sleeet al, 2004). Moreover, a recent publication has demonstrated that ANK

repeatcontaining proteins, such as those of the ASPP protein family, can translocate into the

nucleus via the imortin-independent RanGDP/ankyrin repeafRaDAR) nuclear import

pathway through the interaction between RanGDP and ANK repeats (Lu et al., 2014).

The biological significance of iIASPP in skin and other organs is demonstrated by spontaneous

mutant mice thatwere fourd to harbourrecessive mutations in the PPP1R13L gene encoding

for iIASPRFig 18B). Two mutant mouse models, known as wa3 and woe2, exhibited open

eyelids at birth, abnormal wavy coat and dilated cardiomyopathy (Hestal, 2005; Toonen

et al, 2012).The wa3 mutation has disrupted RNA and protein expression of iASPP, while the

woe2 mutation is likely to have resulted in a complete loss of IASPP funttistological

analysis showed that the opeeyelid phenotype wasaused bya lack of normal embryonic
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eyelid closureThe ges of adult mice did not have meibomian glands and developed severe
corneal opacities with abnormalities in the anterior segment (Tooeeal., 2012). Aberrant

HF orientation andabnormal hair shafts were associatedith the abnormal fur texture of
these mice (Herroret al., 2005). However, the development of other appendages such as
teeth, salivary, mammary and sebaceous glands did not seem to be affected (Tetakn
2012).Heart from homozygous mutant mice haakchl lesions on the ventricles with signs of

myofiber degeneration, necrosis and minesation (Herronet al., 2005).

1.11.1The p53 Gene Family

The p53 family members p53, p63 and p73 shiaoenology between their N-terminal TA
domain, central DBD andt€minal OD domainsHjg1.3). Thetranscription factorp53is a
tumour suppressothat isresponsiblefor regulating gene expression to induce cell cycle arrest
or cell death in response to stress (Détsthal, 2010; Beckermaret al., 2010). Under stressed
conditions,phosphorylated53 is released frorthe E3 ubiquitin ligasmDM2, which normally
suppresse$53 activity and targets it for proteasomal degradation. The p53 tetraimden
freed to transactivatepro-apoptotic effectors (e.g. BAX, PUMA and PIG3) or those that result
in cell cycle arrest (e.g. p214-3-0 ). This allows the stressed cells tepair damaged DNA
during cell cycle arrest, or to undergo permanent cell senescence or apoptosis if thageldsn

beyond repair (Donehowaest al., 2009; Beckermaet al., 2010).
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The ability of p53 to suppress proliferatiari damagd cells accounts for the prevalence of

p53 mutation observed im wide range of malignandesuch as oesophageal and head and

neckSCC (Oliviest al., 2010).Patients withLi-Fraumeni syndrome are predisposed to cancer

development due to the inheritance of gerlime p53 mutationwhile p53-deficient transgenic

mice showed higher rates of malignant conversion in chemically induced skin carcinogenesis

assays (Kemet al., 1993; Olivieet al., 2010). Moreover, p53 mutatiorigve beerdetected in

chronic inflammatory diseasesuch as RA ahlIBD,which could be attributed tothe DNA

damage caused by oxidative stress present in the inflammatory environfWamtanishét al.,

2002).

Although the p63 and p73 homologues have been demonstrated to be able to transactivate

certain p53 target genes in inducing cell senescence and apoptosis, they appear to play more

important roles in development and differentiation (Yagigal.,, 2002; Détse et al., 2010). As

mentioned previouslythe p63 transcription factoris essential in the development and

maintenance of stratified epitheli On the other hand, p73 is fundamental in the development

of signallinghetworksas p73deficientmiceexhibitdefects in neurogenesis, pheromoiased

social interactions and cerebral spinal fluid homeostasis (Dowsthal, 2010). Their
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developmental roles are alssupportedby the fact that p63 and p73 mutations in human

tumours are rarely observed relative tioe frequent mutation rate of p53.

1.11.2The ASPP Protein Family Members

The ASPP proteins are capable of interacting with the p53 family members through their
conserved @ermini. ASPP1 and ASPP2 proteins can enhance the transactivation activity of
p53 towardspro-apoptotic genes such &AX PUMA and PIG3 specificdliig 19), butdo not

affect genesrelated to cell cycle arrestamueld_evet al., 2001;Bergamaschiet al., 2006).
Moreover, expression of ASPP1 and ASPP2 in rat embryonic fibrobastsihibit the
transforming activities of oncogené¥asand E1A (Bergamasatt al., 2003).Therefore ASPP1

and ASPP2 may serve as tumour suppressors by facilitatinghe8iéted apoptosis. This is
supported byanin vivostudy of ASPP2 transgenic miedich illustratedthat ASPP2+/mice

had higher tumour incience over their lifespan compared tioe wild type (Viveset al., 2006).
Furthermore, ASPP2+/p53+/- double heterozygous mice had advanced onset of tumour

development relative to ASPP2+ingle heteozygotes.
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Cellular stress
e.g. DNA damage

< ASPP1
l - _'l ASPP2

14-3-30
PIG3
Cell cycle arrest Apoptosis

Fig1.9 Regulation of p5amediated apoptosis by the ASPP proteins.

p53 is activated in stressed cells to stimulate gene expression that results in either cell cycle
arrest at G1 (p21, 383 ° 0 2 NJ | BXXIBUMAIGS). Bhe ASPP protein family
specifically modulates gene expression associated withmpégiated apoptosis, but not cell
cycle arrest. ASPP1 and ASPP2 positively regulate apoptosikdnciag p53 activity towards

BAX FUMAand PIG3, whereas iASPP adsn inhibitor of such activity.

To the contrary, IASPP serves to inhibit pB&diated apoptosis bgpecificallysuppressing p53
activation ofpro-apoptotic genes$amueld_evet al, 2001; Bergamascht al.,, 2006).Several
lines of evidence have suggested the potential role of IASPP @mste-oncogene.iASPP
expression enhanaecell transformationabilities ofRasand E1An rat embryonicfibroblasts

(Bergamaschet al., 2003). Overexpression of iIASPP in human sst®@oma celleand breast
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cancer cellsalso offer protection against apoptosis induced hyV radiation and cisplatin

treatment. Moreover, a up-regulation of IASPP expression has been repoitediuman

tumour samples such as breast carcinoma and-swiall @Il lung cancer (Bergamasaddti al.,

2003; Cheret al., 2010).

In addition to the role ofthe ASPPs in modulating cell apoptosis, increasing evidence has

established their involvement in other aspects of biologysPP1 takes part in regulating

lymphatic vessel development, @&SPPXknockoutmice show abnormalitiesin the formation

and patterning of lymphatic vessels during embryogenedsiat recover in adulthood

(Hirashima et al., 2008).ASPP2 is important in maintaining cell polagtyd the integrity of

tight junctionsthrough its ability to bind Par3 aniwh control its apical/junctional localisation

(Sottocornoleet al., 2010; Congt al.,, 2010) This isbackedup by the abnormabtevelgpment

of the central nervous systerim ASPP2leficient mice, which suffer from the dysregulated

proliferation of neural progenitor cells aradisorgansed neuroepithelium(Sottocornoleet al.,

2010).0ur lab has also identified theaSPRocalises at thelesmosomes of cardiomyocytes in

the heartand is important in maintaininthe integrity of intercalated disc hiscould explain

the development of cardiomyopathyith the abnormal dilation of the right heart ventricle

observedin iIASPRieficientmice (Notari, 2012).
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1.11.3iIASPP in Epidermal Biology

Besides its interaction with p53, thet€@minal end of iIASPP has been demonstrated to bind
the DBD of p63 with stronger affinity compared to that of ASPP2 (Robatsaln 2008).In the
epidermis, iIASPR expressed in the basal layer whergdértially co-localises with nuclear p63
(Chikhet al., 2011; Notaret al., 2011).Increased levels of loricrin and invoticmRNAcan be
detected in iIASPRBeficient keratinocyteswhich suggestthat iASPP is a negat regulator of
keratinocyte differentiation (Notari et al., 2011). Moderate epidermal thickening of the
Klpositive spinous layer and the loricqoositive granular layer was observed in
iIASPRieficient mice Moreover, signs of early entrance into cellulsenescencare observed

in iIASPRieficient mouse embryonic fibroblasts (M8F Therefore, IASPP plays a role in
sustaining normal epidermal homeostasis by regulating gene expression associated with
epidermal differentiation and an act to prevent premature senescencéurthermore, early
data has suggested thmhibitory function of IASPP on the N#B transcription factor p65
(Yanget al., 1999; Takadat al,, 2002).While the interruption of normal NFkB signallings
demonstrated o influenceskin inflammation and tumour growth, epidermal expression of p65
seens to be essential in mediatingutaneous inflammation and cancelevelopment (van
Hogerlindderet al., 1999; Lingkt al., 2004 Kimet al., 2014) Although the interaction between

IASPP and p6B unlikely to contribute to epithelial stratification (Notaret al, 2011), their
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possible involvement in maintaining proper skin immune systand perhapscancer

developmenthas yet to be examined.

1.11.4The rde of p53, p63 and p6t Skin Carcinogenesis

The speculation of IASPP possibly acting as a fmmot¢ogene is due to its inhibitory function in
suppressing p53 activation of pepoptotic genes (Samuelsevet al.,2001; Bergamaschi al.,
2006). The involvement of p53 in skin cancer development has been investigated using
p53-deficent transgenic mee in various experimental carcinogenesis protoco{$ablel2).
p53-deficiency reduced the latency ispontaneouscancer development of predominantly
thymic T cell lymphomas and sefssue sarcomagDonehoweret al., 1992. Exposure to
ionizing radiatiorfurther accelerated cancer development in pB@Il mice, butdid notinduce
skintumours (Kempet al.,1994) Mice deficient of p53 showed no differencetie formation

of benign papillomas as comeal to wild type animals iDMBA/TPA skin carcinogenesis assay,
but exhibited accelerated malignant conversion into SCC (Kemal., 1993). However,
p53-null micedisplayed enhanced susceptibility to ihducedSCC development, which were
associated with premalignant lesions resembling actinic keest@it not papillomas (Jiarej

al., 1999). These models indicated the inhibitory role of p53 in epidermal carcinogeaedis,
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also reflected the differences in théiology of cancers developed in DMBA/TPA and

U\tmediated tumour induction assays.

The possible involveemt of p63 in tumourigenesis remaimscontroversial topic(Tablel12).

The fact that TAp63 shares extensive DBD homology with the tumour suppresstedptd

speculation that it can act as a tumour suppressor by transactivating p53 target genes.

Transgenic p63+mMmice and double mutant p63+p53 +~ mice have been utilised to test their

susceptibility towards spontaneous tumourigenesis until 24 montiisage. One group

reported that p63+f mice in the C57BL/6x129/SvJae background are prone to neoplastic

development such as sarcomas and carcinomas compared to wild type. Moreover; p63+/

+/- mice had higher tumour burden compared to p53Hhkterozygous mice (Florest al.,

2005). However, the other gup that has developed their mouse model in the

C57BL/6Jx129S5 background failed to observe such a difference in spontaneous

tumourigenesis, even in the settings where mice were treated with-stege DMBA/TPA

carcinogenesis protocol (Keyetal., 2006).
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Mouse Model | Method Phenotype Reference
p53-/- Spontaneous | § Significantly reduced latency in Donehower
cancer spontaneous tumour development et al.,1992
development | f Primarily lymphomas and sarcomas
lonising 9 Further acceleration igarcinogenesis, | Kempet
radiation with similar tumour types observed in | al., 1994
untreated p53/- mice
DMBA/TPA 1 No difference in benign papilloma Kempet
development compared to p53+/+ mic al., 1993
1 Accelerated malignant conversion of
papillomas
UVB radiation | 1 Increased susceptibility to SCC Jianget al.,
development, associated with actinic | 1999
keratoselike lesions
p63+/- Spontaneous |  p63+/-mice more susceptible to Floreset
cancer developing sarcomas and carcinomas al., 2005;
development | 1 p63+~-p53 +-mice had higher tumour
burden compared to p53+/mice
1 No difference in tumour susceptibility | Keyeset
between p63+f and p63+/+ mice al., 2006
DMBA/TPA 1 No difference in tumour susceptibility | Keyeset
between p63+f and p63+/+ mice al., 2006
9Nk b LJc | DMBA/TPA 1 Less prone to skin carcinogenesis Liet al.,
compared to Er/+ p63+/+ mice 2011
TNFh-/- DMBA/TPA 9 Less prone to developing skin tumoury Moore et
compared to wild type al., 1999
IL1R/- i Rastransformed IlMmwb K b -/4 y Cataisson
keratinocytes failed to wpegulate al., 2012
K14p65-° pro-inflammatorygene expression Kimet al.,
2014

Tablel.2 Mouse models used in examining skin carcinogenesis.
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While p53 is a common target for deleterious and inactivating mutations in human cancers,
such mutations are rarely spotted in the p63 gene (Metl al, 2004). However, the
chromosome region harbouring p63 has been found to be amplified in cases ofr®iGQiB3a
overexpression has been detected in head and neck SCC and squamous cell lung carcinomas
(DeYounget ald >  H n n Teffal, 80405. AONP63 is the predominant isoform expressed in

SCC, it may possibly serve as a puaoogene, through its inhitbry influence on the
transactivation activity of p53 (DeYoumg alb X  H n n T €T al,5261D)4 A fecent study
presented data that supported the tumour promoting activity of p63, using the Er/+ mouse
model harbouring dominanhegative mutation in the tumour suppressor gene3dé = eb [ A
adY HAMMUO® ¢KS INPRdAzZL) & K2 &Srikreaded Fesistan@eN&gainst LJc 0 b K b
DMBA/TPANnduced carcinogenesis when compared with Er/+ p63+/+ mice, and-dl4
deficient keratinocytes had strong expression of DEp63 isoform. This might suggest that
DNp63 could be involved in cancer development, bat donjunction with other gene
mutations to facilitate the process. Further research is required to better understand the

biological role of different p63 isoforms gkincancer development.

Susceptibility towards chemically induced skin carcinogenesisateo been shown to be

influenced by alterations in skin immunologic activitf@able12). Transgenic mice deficient of
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the pro-inflammatory cytokine TNF were less prone talevelopingbenign papillomasand

malignant SC(Moore et al,, 1999). Moreover|L-1R knockout mice also displayed increased
resistanceto the DMBA/TPA protocaind Ragransformed IIMmwb kb 1 SNJ GAy 208 i Sa
up-regulate preinflammatory gene expressigi€ataissoret al., 2013. Epidermaispecificp65

knockout mice K14p65C with reduced expression of prénflammatory cytokines and
chemokines by keratinocytesshowed increased resistance® chemically inducedskin
carcinogenesis compared to the wild tyg&im et al, 2014) Therefore, epidermal p65
expression is required in meding skin cancer developmeriy enhancing immunologic

activities in the skin and supporting tumour cell growth

1.12 The Aim ofResearch

iIASPPas been demonstrated to be a binding partner the p53 protein family and can regulate
their transactivation activities towards target genes (Bergamastihi., 2003).The presence

of IASPP expression is observed in both embryonic and postnatal munneusttithe protein

is predominantly expressed in th€l4/p63-positive basal layer of the epidermis (Chihal,
2011; Notariet al, 2011).The display of a wavy hair phenotype in iIASPP knockout mice
emphasises the significance of the IASPP protein gulaéing skin homeostasis, and initial

evidence has pointed towards a role for it in preventing premature keratinocyte differentiation.
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Mild thickening of the suprabasal differentiated epidermal layers was observed in

IASPReficient miceand iASPHeficient keratinocytes showed increased levels of loricrin and

involucrin expressiofNotariet al., 2011).

This research project attempted investigate whether epidermal iIASPP expression is required

in the embryogenic epidermal developmemoreover, the project alsintendedto examine

the autonomous role of epidermal iIASPP in maintaining normal postnatal skin bidlbigy

was achieved by utilising the KI4SPRieficient mouse model with specific iIASPP knockout in

the Kl4positive epiderns, rather than the previously developed complete iARRECkout

mice. In vitro evidence from various studiebas suggested thatiASPPmay act as a

proto-oncogene due to its inhibitory role against pS®ediated apoptosis andits

overexpression profiles in certain human cancéiserefore,another objective of this research

project was toaddressthe biological function of iIASPP in skin carcinogenesis, and to assess its

capacity to behave as @roto-oncogene usingthe DMBA/TPA chemcally induced

tumourigenesis protocol on the KiASPRieficientin vivo mouse model Moreover, iASPP

was shown to be an inhibitor gb65, which is aNFkB transcription factoressential in

modulating inflammatory responseg¢Yanget al, 1999; Takadaet al., 2002). Erther
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examination was made to test for the possible influence of IASRFBIN keratinocytesand

whether aich interaction would contribute to the phenotypes observed in#84PH -skin.

Therefore, this research project aimed to addrebe following aspects of epidermal iIASPP

function in skin:

1. The possible involvement of epidermal iIASPP in embryonic skin development

2. The autonomous function of epidermal iIASPP in postnatal skin biology

3. The biological role of epidermal iIASPP in chemicallyded skin carcinogenesis

4. The possible interaction between iIASPP and p65 in keratinocytes
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Chapter 2  Materials and Methods
This chapter provides an overview of the materials andhmés used during the course of this
doctoral degree Specific details are included in the relevant results chapters where

appropriate.Chemicals used were from SigiAldrichunless otherwise stated.

2.1 Antibodies

For immunocytochemistry/immunofluorescence  (ICC/IFpn  cell  cultures and
immunohistochemistry omaraffin sections (IH2), antibodies were diluted in either 584'v)
normal goat serum (NGS) or normal donkey serum (ND$BS For western blot (WB)
analysis, antibodies were diluted in 5%/v) milk in PBSexcept for Cell Signalling antibodies

whichwere diluted in 5%w/v) bovine serum albumirBSA.instead

Antigen Clone Host Source Applications

Brdu BU1/75 RatmAb Abcam(ab6326) ICC/IFIHGP (1:250)

CD3 N/A Rabbit Ab | Abcam(ab5690) IHGP (1:250)

CD31 N/A RabbitpAb | Abcam(ab28364) | IHGP (1:300)

CD45R RA36B2 RatmAb BDBiosciencs IHGP (1:250)
(550286)

CD8 N/A RabbitpAb | Stratech IHGP (1:250)
(bs0648RBS$

c-Rel N/A Rabbit pAb | Santa Cruz (sc71) | WB (1:500)

Erki/2 N/A RabbitpAb Cell Signalling2102) | WB (1:1000)

F4/80 ClA31 Rat mAb AbD Serotec IHGP (1:300)
(MCA497R)
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IASPP LX49.3 MousepAb | Ascite, Lu Lab WB (1:1000)
IASPP LX49.3 MousemAb | Purifiedascite, Lu ICC/IFIHCGP (1:250)
Lab

Ly.n G21 RabbitpAb | Santa Cruz (sc371) | WB (1:500)

Keratinl AF87 RabbitpAb CovancgPRBEL49P) | IHGP (1:1000)

Keratin6 N/A RabbitpAb CovancgPRBEL69P) | IHGP (1:1000)

Keratinl3 EPR3671 | RabbitmAb | Abcam(ab92551) IHCGP (1:200)

Keratinl4 AF64 RabbitpAb CovancdPRB1559 | IHGP(1:1000)

Loricrin AF62 RabbitpAb CovancgPRBEL45P) | IHGP(1:1000)

MPO E15 Goat pAb Santa Cruz IHGP (1:300)

(sc34159)

p38 N/A RabbitpAb | Cell Signallin¢212) | WB (1:1000)

p-p38 N/A RabbitpAb Cell Signalling@211) | WB (1:1000)

(Thr180/Tyr182)

p53 CM5 RabbitpAb | Leica (P5&M5P) | IHGP(1:250), WB
(1:2000)

p63 4A4 MousepAb | Santa Crugsc8431) | IHGP(1:500), WB
(1:1000)

p65 N/A RabbitpAb Santa Cruz (sc109) | ICC/IK1:250), WB
(1:1000)

p-p65 (Ser536) | 93H1 RabbitpAb Cell Signalling3033) | WB (1:1000)

p-Erki/2 N/A RabbitpAb | Cell Signallin¢9101) | WB (1:1000)

(Thr202/Tyr204)

PP1 E9 Mouse mAb | Santa Cruz (s£482) | WB (1:1000)

Rel B G19 Rabbit pAb | Santa Cruzs(226) WB (1:500)

S100a8 N/A GoatpAb R&D AF3059 IHGP (1:750)

S100a9 N/A Goat pAb | R&D (42065 IHGP (1:750), WB
(1:1000)

I -tubulin TUB2.1 MousemAb | Abcam (ab11308) | WB (1:2000)

Table2.1 List of primary antibodies used during the course of research

mAband pAb are abbreviations for monoclonal and polyclonal antibodies respectively.
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Secondary Antibodies Host Source Applications

Alexa Fluor® 488 Arilouse 1gG (H+L) Goat Invitrogen ICCI/IF, IHe
(1:400)

Alexa Fluor® 488 Arfabbit IgG (H+L) Goat Invitrogen ICCI/IF, IH@
(1:400)

Alexa Fluor® 546 Arilouse 1gG (H+L) Goat Invitrogen ICCI/IF, IHe
(1:400)

Alexa Fluor® 546 Arfdiabbit IgG (H+L) Goat Invitrogen ICCI/IF, IH@
(1:400)

Alexa Fluor® 488 ArdatlgG (H+L) Goat Invitrogen ICCI/IF, IH@
(1:400)

Biotinylated AntiMouse antibody Goat Vector Labs | IHGP (1:400)

Biotinylated AntiRabbit antibody Goat Vector Labs | IHGP (1:400)

Biotinylated AntiGoat antibody Horse | Vector Labs | IHGP (1:400)

Anti-Mouse Immunoglobulins/HRP Rabbit | Dako WB (1:2000)

Anti-Rabbit Immunoglobulins/HRP Swine Dako WB (1:2000)

Anti-Goat Immunoglobulins/HRP Rabbit | Dako WB (1:2000)

Table2.2 Secondary antibodies used during the course of research.

2.2 Animal Studies
Materials:

4% ParaformaldehydéPFA)Solution

49 paraformaldehyde was dissolved in 1L ,RB8 dissolving aided by gentle heating to give

4%PFA Solution was stored in aliquots -&0°C.

GNTBuffer for Genotyping

GNT buffer was prepared in distilled water with the following components:
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50mM KCI

1.5mM Mgd

10mM Tris HCI pH 8.5
0.01% gelatin
0.45%NPR40

0.45%Tween20

GNT buffer was autoclaved and stored &t4

Methods:

Intraperitoneal Injection of BrdU

15mgml 5-bromo-2-deoxyuridine(BrdU solution was prepared by dissolving BrdU powder

(SigmaAldrich) into PBS. The solution was steetl through a 0.22um filterStartorius Ltd).

and stored in aliquots aB0°C BrdU stution was warmed up beforatraperitoneal injectios

and 1mg/kg BrdU was injectedhour prior to sacrificinghe animals.

2.3 Mouse Colonies

All animal procedures were approved by local ethical review and licensed by the U.K. Home

Office (PIL: 30/9354/PL: 30/2862). Animals were kept in individually ventilated cages (IVCs) at

the Wellcome Trust Centre for Human Genetics, Oxford.
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IASPRxFIoxP Cre+ERT mouse colonies with-hydroxytamoxen (40HT) inducible

recombinase expressiowere generated by crossing iIASRIRR loxP mice with R26Cre+ERT

mice in a mixed genetic background of C57BL/6 and328sdescribed previously (Notagi

al., 2011) K14CrédASPH - mutant micewere generated by crossing C57BL/6 transgenic mice

containingloxP sites flanking ASPP exon8 and mice withe K14Cre transgene expressing

recombinase under the human K14 promoter (The Jackson Laboratory, U.S.) in a C57BL/6

background.The resulting mutant would hav&pecificdeletion of IASPP exon8 in Kadsitive

basalepithelial cells only. Genotyping of K14@ASPH - mutants and iIASR&P/loxPCre+ERT

mouse colonies asperformed usinghe primers listed irthe table below.

Transgene | Primers used Bands expected
genotyped
IASPP exon8 FLP2p -QCGAATTGGAGAAGTGAAGC IASPP+/+: 600bp
I8H Y-CPGRAATTGGAGAAGTGAAGC Al {ttpy7oaby c
E8H Y-AQABCAGCCTCAGAGCATGQG Al {ttpyk ny
loxP C[ t HOCGAANTGGAGAAGTGARAGC wild type: 285bp
Cw! b ¢GPGPAGGAAAAAGGGCTGAL loxP. 400bp
K14Cre and | Crew Y -ABTQTCCCACCGTCAGDAQG K14Cre: 900bp
Actin control | K14m Y-GETETCTGTCACCCTGGCTA Actin: 780bp
ActinC Y-GETGTCATGGTAGGTATGGGT
Actin. Y-CBQACAATCTCACGTICAG
Cre+ERT CreC Y-CATODTGGGCCAGCTAAACAT Cre: 308bp
CreB:p - @TTCTCCCACCGTCAGDAQG

Table2.3 List of primers usedo genotypemouse colores
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GoTag® Green Master Mix (Promega) was usedjénotyping PCR reactions. Tthermal

cycles used for nested PSkere as follows:

94°Cfor 5min
30cycles of 94Cfor 40s, 60Cfor 40s, 72Cfor 40s

72°Cfor 5min

DNA Extraction fromMouseEar and TaiBiopsies

Ear biopsies of mice were taken for mouigkentification and genotyping. Ear tissue was

digested in 100ul GNbuffer with 7.8mg/ml proteinase K (Qiagen) atGbvernight. Digested

tissue was boiled at 9Cfor 5minutes and 0.5ul was used for genotyping PCR analyjss.

same extraction protocol was used for tail tissue taken from embryos.

DMBA/TPATwo-StageSkin Carcinogenesis

8-10 week old C57BL/6 female micat telogen phasewere recruited to examine the

susceptibility of K14Cre iASPP mice to chemidadlyced tumours in the skin. Dorsal hair was

carefully removed withta shaver one day before the applioai of chemicals. A single dose of

25ug 7,12-Dimethylbenzanthracene(DMBA) in 200ul acetone, or acetone for the

12-O-tetradecanoyi13-phorbol acetate TPA control group, was applied on shaved dorsal skin.

This was followed by twice weekly application of 4ug TPA in 200ul acetone for 15weeks.

Animals were monitored closely throughout the assay in terms of weight, activity and tumour
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development. Mice could bebserved for up to 1 year or when endpoints were reached
requiring immediate termination bthe Shedule 1 methods listed orthe project license
Epidermal Permeability Barrier (EPB) Assay

Tail tissues from mouse embryos were first taken for genotypd@R analysis. Unfixed,
untreated mouse embryos at E16.5 and E17.5 were transferred up and down a methanol
gradient (25%, 50%, 75% and 100% methanol in distilled water) for 1 minute per step at room
temperature. Embryos were rehydrated in PBS for 1minutd arcubated in 0.1% (w/v)
toluidine blue Oin water for 10minutes. Embryos wethen washed thoroughly with PBS to
visualise the EPB staining pattern.

Mouse Hair Samples for Hair Shaft Analysis

Hair samples wergently plucked out of the dorsal skin of sacrificed anisnading a pair of
forceps. Hair samples were placed on microscope slides with mounting medium (Vectamount,
Vector Labs) and mounted with coverslips.

Mouse Skin Tissue for Paraffin Sections

Shaved dorsalkin and papilloma tissues obtained were fixed in 4% PFA overnightCat 4
Dorsal skin was spread out grade 1Whatman filter paper during fixation to keep the section
flat. Fixed tissues were processedrbutine paraffin embedding using automated descand

ASNAFE n>Y aSoOiAaz2ya 6SNB Odzio
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Mouse Skin Tissue for DNA/RNA/Protein Extraction

Mouse tissues collected upon scarification of animals were frozen immediately in liquid

nitrogen Samples were stored aB0°C

Short-Term TPA Treatment for Acute SKimflammation

8-10week old C57BL/6 female mice at telogen phase were recruited to examine the

susceptibility of K14Cre iASPP mice to-iFiélaiced inflammation in the skin. Dorsal hair was

carefully removed witla shaver one day before the application of chieais 4ug TPA in 200ul

acetone, or acetoneonly for negative control, was applied on da® and 4. Mice were

sacrificed24hours after the last TPA applicatioand injected with Brdlne hour prior to

Schedule 1.

2.4 Bacterial Culture

Materials:

Ampicillin Stock Solution

1000x ampicillin stockf 50mg/mlwas prepared by dissolving 0.5g ampicillin in 10ml sterile

distilled water. Stock was stored in aliquots-260°C

LuriaBroth (LB) Agar Plates and LB medium
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LB Agar plates with 100ug/ml ampicillin and aldéwed LB mediwere prepared by the Ludwig

Institute for Cancer Research technical services.

Methods:

Subcloning Plasmids

Chemically competent Escherichia anfithe alphaselect™bronze efficiency (Biolingtrain
were used ashacterialhost for heat shock transformation of plasmiddompetent cells were
thawed on ice and 50ng of plasmid DiWAsaddedandincubated for 10minutes. The mixture
was placed irm 42°Cwater bath for 45seconds and placed on ice again fanutes. 1ml of
LB(without antibiotics) was added and incubated for 1hour at@7L00ul of bacterial culture
was spread on LB plates with 100ug/ml ampicillin and incubate87°C overnight. Single
colonies of bacteria vere picked 1216 hours later andcultured in LB mediaontaining
100pg/ml ampicillin in flasks shaking at°@for 4 hours. The lacterial suspensiaobtained
were used to inoculate 250ml of LBith 100ug/ml ampicillin in a shaker at 3Zovernight.
Plasmid DNA was extracted from the bacterial culture wigh Qiafilter Maxi DNA kit (Qiagen)

accordingtaheY I ydzF I OG0 dzZNENRA LINR G202t ao
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2.5 Cell Culture

Materials:

Cell Lines

Cell Line Host Source
HaCaT Human, spontaneously transforme( ATCC

keratinocyte

HaCaTl-4 Human, malignant variant of HaCaT| Prof. P. Boukamp, Germg

transfected withH-Rasoncogene Cancer Research Centre,
Germany
H1299 Human, norsmall cell lung epithelial cell | ATCC

Table2.4 Immortal cell lines used throughouthe course ofresearch

Immortal celllined I / ¢ YR | MmHpdP dziASR 6SNBE FTNRY t NRTO
lab. All cell lines were tested to be mycoplasfree before usageyut did not undergo cell line
authentication during this research project through daguucleotide polymorphism (SNP)

sequencing or next generation sequencing (NGS) analysis.

Chelation ofFetal BovineSerum(FBS)

80g of Chelex100 resin (BRad) was added into 1L of distilled deionized water, and the
mixture adjusted to pH7.5 with HCI. &mesin was filtered througlgrade 1Whatman filter
paper (GE HealthcareThe fltered resin was added t600ml of heat inactivatedFBS(PAA
Laboratories)and mixed at room temperature for a minimum of 2houesremove divalent

cations such as €aResin waseparatedfrom the FBS with 1MM Whatman filter papéFhe
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chelatedFBS was stestid usinga 0.45um filter followed bya 0.22pum filter (Startorius Ltd.
under the laminar flow hood. Steséd chelated FBS was stored in aliquots28€C
FADMedium for Primary Mouse Keratinocytes

Mouse epidermal keratinocytes were isolated fraraw-born pups of age P®2 and cultured
in FAD Mediumwhich consisted of calciwiee, high glucose, no glutaminBulbecco's

modified Eagle's medium (DMEMAvitrogen) supplemented with the followirgpmponents

1.8x10"M adenine

10%(v/v) chelated FBS

05 3IkYf Ke@RNRO2NIA&2YS

5>3k Yt AyadzZ Ay

10"'°M cholera toxin

10ng/ml epidermal growth factor (EGPeprotech EC)

100units/ml penicillin, 100ug/ml streptomycinand 250ng/ml amphotericin B

2mM L-glutamine (Gibcoal ife Technologies)

CaCl was added to a final concentration of 0.05mM for loalcium FAD medium. FAD

medium was stored at€and used within 1 week.

Freezing Medium foells
90% (vV/VIFBIPAA Laboratories)

10% (v/v) DMSO

Methods:

Maintenance ofHaCaTHuman Keratinocytes
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Cells were grown inatciumfree, high glucose, no glutamiriegMEM supplemented with100

units/ml penicillin, 100 pg/ml streptomycirmM L-Glutamine(Gibco,Life Technologiesand

10% (v/v) chelated FBS Low-calcium DMEM was obtained bgdding CaGl to a final

concentration of 0.05mM.Cells were maintained in a Heraeus incubator at 37°C in the

presence of 5% GO

Maintenance ofHaCaTl-4 Human Keratinocytes

DMEM (Gibcol.ife Technologies) wasupplemented with100 units/ml penicillin, 200 pg/ml

streptomycin, 2mM {Glutamine (Gibco,Life Technologies)and 10% (v/v) FBS (PAA

Laboratories)Cells were maintained in a Heraeus incubator at 37°C in the presence of,5% CO

Maintenance of H129™Non-Small Cell Lung Bpithelial Cells

H1299 cells were cultured in RRIB40 (Gibcol.ife Technologies) witl00units/ml penicillin,

100ug/ml streptomycin, 2mM {Glutamine (Gibcol.ife Technologies) and 10% (v/v) FBS (PAA

Laboratories). Cultures were maintained in a Heraeus incubator anv@#iG% CQ

Primary Mouse Keratinocytésolation

Primary mouse keratinocytes were prepared frow-born iIASPRXxP/loxPCre+ERT mice by

floating skin on 0.25% trypsiBDTA (GibgoLife Technologies at £C overnight. Detailed

protocols for extracting primary keratinocytebave been described previougliichtiet al,

2008. Keratinocytes wer@lated onrat collagen type | (BD Bioscieha®ated plastic dishes in
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low-calcium FAD medium. Culture diam was replaced the nextay and iASPP was deleted
by incubating cells im > a  nfor ¥ days.Primary mouse keratinocytes were maintained in a
Heraeus incubator at 35°C in the presence of 7%. B&ratinocytecultures were washed with

warm PBS twice and incubated in serdree low calcium DMEM for 16hours before cytokine

treatment inthe celltbased assays described.

2.6 CellBased Assay

DualLuciferaselranscription Studies

The dualluciferase assay involves the sequential quantification of two luminescent reporters
from a single sample, witthe pGL3 plasmid construébr firefly luciferase and pRL mstruct

for Renilla luciferase. Promoter sequence of the gene of interest is inserted into the pGL3
reporter and the luminescence reading of firefly reflects the activity of such promoter when
transfected into cells. Signal from the firefly luciferase is thennghed, along with the
activation of renilla luciferase activity which is used as a control reporter to normalise for
differences in transfection efficiency and cell viability.

For HaCaTcells, siRNAnediated gene knockdown was performeddays beforeluciferase
plasmid transfection.HaCaTwere at ~80%confluencyin 24well plaes on the day of

transfection. 400ng of S100g85L3 was transfected using Fugene6 (Promega) according to
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0§KS YU ydzF I O dzNi Naeiof HIRGREL e fsekded at ~7086nfluence in
24-well plates and transfected withxpression plasmids ardciferase reportersthe next day

with Fugene6(Promega. The DualLucifease Reporter Assay SystenPromega) was used

I OO0O2NRAY3I (2 GKS Yristyacihs48nbuaNdRex Medsfedtionk ugifRdseNR
activities were measuredn anautomatedluminometer (ClarioStaBMG Labtech
Immunocytochemistry (CC/15

HaCaTand HaCaTil-4 cells were cultured on plastic-$lide 8 well (lbidi) slides to ~80%
confluence. Cells were fixed in 4% PFA for 15 min at room temperature and washed with PBS
three times. Cells were incubated in 0.25% triéh00 in PBS for 10minutes at room
temperaure for cell permeabitation. Sampleswere washed three times with PBS for
5minutes, and blocked in 5%GSin PBS for lhour at room temperature. Cells wéren
incubated with primary antibodies diluted in 5% NGS for an hour at room temperature in a
humidified chamber. Cells were washed three times with PBS, and incubated with secondary
antibody in 5% NGS for 1hour at room temperature in the dark. Cells were washed again with
PBS three times, and covered wiluoromountG mounting medium(Southern Biotele) with
1lug/ml DAPI.

Plasmids for Cell Transfection

Plasmid Description Source

pGL3 Lucifease plasmid backbone Prof. Xin Lul.ICR Oxford

78



Chapter 2 Materials and Methods

S100a9GL3 | Lucifease reporter containing the Humai Prof. Zhihua Liu, Chineg
S100a9 promoter-{86bp to +39bp) Academy of Medica
SciencegLiet al., 2009)

pcDNA3 Control plasmid Prof. Xin Lu, LICR Oxford
pcDNA3p65 Expression plasmid for Human p65 Prof. Xin Lu, LICR Oxford
pPRETK Renillaluciferase plasmid Promega

Table2.5 Plasmids used ituciferase reporter assays.
Plasmids were sent to Source BioScience Sequencing to verify plasmid constructs through

sequencing.

Stimulation with Cytokines

Human and mouseTNF", ILm hand ILL (Peprotech) cytokines were used at a final
concentration of 10ng/ml in cell cultures. Cells were washed with warmed PBS twice and
incubated in seruniree medium for 1éhours before cytokine treatment.

SsiRNA Transfection

siRNAoligonucleotides (Set of 4 Upgrade: OWRGETplus) against human iASPP and p65, and
negativecontrol SiGENOME RIB€e were purchased from Dharmacon, GE Healthcare. siRNA

at a final concentration a25nM (p65 siRNA) or 50nM (IASPP siRgSs)transfectednto cells

using Dhamaf SOG wm NBIF3ISyd o05KIFINXIO2yz D9 | SIftidKOF NX

protocol.Cells were examined 4days after transfection.

SiRNA Catalogie no. Sequence

Human iASPP LU00381500-0002 AGUAAAGUCUAGCAGGAUA
GCACGGGUGUUGGCGGAAA
GCAGACGUCGAGCAGAGUA
UCGAGAAGUGCGACCCUUA
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Human p65 LU00353300-0002 GAUGAGAICUICMWAGJGU
CAAGAUCAAUGGEIACA
GGAUGAGGAGAAACBA
CTCAAGAWGCCGAGGA

RISGree D-001220601-05 Sequence ia property of Dharmacon

Table2.6 Sequences of siRNA probes used.

2.7 DNA and RNAechniques

Materials:

Ammonium Persulphate (APS)

10% (w/v) APS stock solution was dissolved in distilled water and prepared fresh for each
experiment.

EDTASolution

0.5M EDTA stock solution was prepared by dissolving 186g of EDTA in 700ml distilled water.
The solution was adjusted fgH 8with NaOH andhe volume topped up to 1L.

Ethidium Bromide(EtBr)

0.2g EtBr was dissolved in 20ml of distilled water fd0@00xstock solution of 10mg/ml,
which wasstored at £Cin the dark.

50x TrisAcetate EDTA (TABplution

2429 Tris base

57.1mlGlacial acetic acid
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100ml0.5M EDTAH 8

Solution adjustedo ~pH 85
10xTrisBorate EDTA (TBBplution
108g Tris base

55¢g boricacid

40ml 0.5 M EDTAH 8

Adjusked solution to pH 83

Methods:

AgaroseGel Eectrophoresis

A 1% agarose gab resolve PCR products of size-Q@kb wasprepared bydissolvingagarose
powder (Gibco,Life Technologiesin 1XTAEsolution with a microwave EtBrwas addel at a
final concentration of20pg/ml to the dissolved gdbefore pouringinto a casting tray witha

well comb in placé mn>f 27F t/ w ot ddand aslkbidadder2fNewr S R
England Biolahsvasused asa size markerDNA wa®lectrophoresedn 1xTAE buffeat 100V

for approximately 30minA BioDoeit benchtop transilluminator (UVPWwas used to visualise
the PCR products.

cDNAConversion of RNA
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500ng of total RNA sample was used for cDNA conversion with the SuperScript3tre&ird
Synthesis System (Invitrogen). Oligo(dT) primeesevused for cDNA synthesis according to
0KS YIFydzZFl OGdzZNENRE LINRPG202f &

DNA Extraction from Mouse Skin/Papilloma Tissue

DNA was extracted from mouse skin and papilloma tissuesaMRiNeasyihid Tissue Nhi Kit
OGvAl3Syo FO02NRAyYy3 (G2 GKS YI ydONA&iladiN®SmNI a
fibrous skin tissues.

Detection ofRasMutation in Tissue Sampkefrom the DMBA/TPA Mouse Cohort

The application ofhe carcinogen DMBA on mouse skin could caasactivating mutation on
the 61st codon oH-Rasfrom the wild-type CAA allele ta CTA mutant allele. Nested PCR and
Restriction Fragment Length Polymorphism (RFR)ysiswere used to characterise the
presenceof activated H-Rasmutation in DNA samples extracted from mouse tisswss
described previously (Finakt al., 1996). TheH-Ras61st codon wasmplified using PCR1_F

and PCR1_R primeps 500ng othe extracted DNA sampl® give a 267bp fragment. Nested

LINR (G 2

PCR was carried out on the PCR product with primers PCR2_F and PCR2_R to give a 176bp

product.

Primers Sequence

PCR1_F p-CTGTGA ATTCTCTGGTCTGAG®AG
PCR1_R p TAGGTGGCTCACCTGTACORG
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PCR2_F p-OQTA AGCCTGTTGTTTTGCAGGAC

PCR2_R p-GGAACTTGGTGTTGTTGATGEC

Table2.7 Primers used in nested PCR feasmutation.

GoTag® Green Master Mix (Promega) was used for PCR regatidtise thermd cycles used

for nested PCR weilas follows:

94°Cfor 5min
30cycles of 94Cfor 40s, 60Cfor 40s, 72Cfor 40s

72°Cfor 5min

10pl of the nested PCR product was digested wihnits of Xbal (New England Biospln a

total volume ofsn x £ F OO2NRAY 3 (2 GKS °Cbwrdight: RestdeioB NI &
enzymes were heat inactivated at &or 20minutes and theligestedproductsanalysed ora

8% polyacrylamide gel.

Polyacrylamide DNA&sel Hectrophoresis (forShort DNAFagments)

Recipe for 10ml of 8% polyacrylamide gel:

1ml 10k TBE solution

70Ul APS10%w/v)
2ml 40% 29:1 acrylamide solution
6.26ml water

4pl TEMED

To resolve PCR products of size460bp,a 8% polyacrylamide gel was preparadcording to

LINE

the above recipe antkft to set at room temperature witkg St O02Yo6 Ay LI I OS® w
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product was loadeanto the gel anda 25bp ladder (New England Bioldbgas used asa size
marker. DNA was electrophoreséd 1XTBE buffeat 80V for approximately 60mirThe @l
was soaked in 1:FByBr Green stock (Invitogen) diluted in 1xTBE forGmin in the dark at

room temperature, and visuaid with a BioDoeit benchtop transilluminator (UVP).

Quantitative Polymerase Chain ReactigqgPCR)

Real time gPCR was performed cDNA samples using the QuantiTect SyBr GreenkiPCR
(Qiagen) on the 500 real time PCR system (Applied Biosystem). Each qPCR reaction was
carried out in duplicates using 2.5ul of 1:5 diluted cDNA samples in a 25ul reaction volume.
The thermal cycle:@minutesat 95°Cfollowed by 40cycles of 95Cfor 30s, 58Cfor 40s, 72C

for 405 and 72Cfor 5 minutes elongationwas used for all samples. The expression level of
target genes was analysed using tbhemparative Ct method DDCf) with GAPDH as the
internal control (Yuanet al, 200§. The «periment was repeated on three independent

cultures of primary mouse keratinocytes.

Gene gPCR Primer Sequence

CXCL1 C Y- CBABAGCTTGAAGGTGIIQC
wY-TETCCGTTACTTGGGGACRAC

GAPDH F:5-CAGCAAGGACACTGAGCMAAGA
R: 5* GGCCCCTCCTGTTATTARTGG

IASPP F:p BGACTCCAGCACCTCAAGAGA
R:p -GACCGTGCCTTCAT@IQC
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IL-m h C Y-ATCAGCAACGTCAAGCAAQG
wY-AB@IGCTGATCTGGGTIGGA
IL-1 C Y-CATQTCGGAGCCTGTA®GTGC
R:p -QGTGGACCTTCCAGGATGAG
IL-6 C Y-ABAAGGAGTGGCTAAGGALCQA
w Y -ARCGCACTAGGTTTGCE QA
IL-1f6 F: 5*CCCACTCATTCTGACCGAAG
R: 5GAGAGAGTGCCACAGAGLTAA
IL-1f8 F: 5 TGCCTGCTGTCATAACBTCG
R:5-CAAGATTGTGGAGGGAAAGC
S100a8 F:5-CCTTTGTCAGCTCCGTETTC
R: 5 TAGAGGGCATGGTGATHICC
S100a9 F:p GCTGCATGAGAACAACELCAC
R:pCICCCTTTAGACTTGGTT@EBC
TNFh F:p - GGCAGGTCTACTTTGGAGTCATDGC
R:p -ACATTCGAGGCTCCAGTGAATI QGG

Table2.8 Primers for gPCR on cDNA samples from mouse keratinocytes

RNA Extraction frontells

RNA was extracted from cells with the RNelBgi KA & 6 v Al 3Sy 0 F2ft26Ay3 (K
protocols. Orcolumn DNase | digestion wperformed during RNA extraction.

2.8 Histology Techniques

Materials:

Sodium CitrateBuffer

10mM sodium citratesolution was prepared in water and adjusted to §H
DAPISaining Solution
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DAPI powder was dissolved in distilled water at 1mg/ml and storatignots at-20°C
Toluidine Blue Stock Solution

1g Toluidine Blu®

100ml 70% alcohol

Stock solution to be used within 6 months.

Methods:

Haematoxylin and Eosin (H&E) Staining

Paraffin sections were deparaffindeén 2 changes of histocleaehydrated in a gradient of
ethanol (100%, 90%, 70%, 30%d washed inwater. Slides were incubated in Harris
haematoxylinfor 3 minutes. Slides were rinsed in running tap water to remove excess stain,
and differentiated in 1% acidic alcohol for 1s. &idvere washed again in tap water and
AYYSNESR Ay {02G40dQa oI GSNJ F2NJ onad {fARSa
minutes. Slides weréhen washed in water to remove excess eosin and dehydrated aith
increasing gradient of ethanol solahs. Slides were cleareda 2 changes of Bninutesin
histoclear, and mounted with neaqueous mounting medium (Vectamount, Vector Labs) and
coverslips.

Immunohistochemistry (IHC) on Paraffin Sections
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Paraffin sections of mouse tissuesaghickness oftium were deparaffinisedand hydrated For

3, 3~diaminobenzidine (DAB) staining, endogenous peroxidases were inactlwateclibating

in 3%(v/v) H,O, in methanolfor 10minutes at room temperaturelhis step was not performed

for IFstaining. Heainducedantigen retrieval was performed sodium citratebuffer at 200°C

for 4 minuteswith a pressure cookerSlides were left in the bufféo cool, and samplesere

blocked with 5% NGS/ NIXSPBS fofl hour at room temperature. Séons were incubated in

primary antibody diluted in 5%GS/ ND®vernight at 4°Gnside a humidified chambeSlides

were washed 3 times in PBS formihutes,and secondary antibodies diluted in 5% NGS/ NDS

were added for hour in the dark at room tempeture.

For IF staininglpg/ml DAPI was added along with the approprifiteorophore conjugated

secondary antibodies in the blocking solution. Slides were washed with PBS three times and

mounted with fluoromountG mounting medigSouthern Biotech) and cexslips

For DAB staining, biotinylated secondary antibodies were used instead and slides were washed

in PBS3 timesfor 15 minutes after incubation Sections werehen incubated inavidin-biotin

peroxidase solution (VECTASTAIN Elite ABC Reagent, Védpfobd5 minutes at room

temperature Slides were ashed in PBS, 3 times for 5 minuteach Sections werethen

incubated inHRPsubstrate solution(DAB substrate kit, Vector Laldsy 10 minutes at room

temperature. Slidesvere rinsed in watercounterstained inhaematoxylinfor 5 secondsand
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washed again in water to remove excess stainifite slides were deldrated throughan
increasing gradient of ethanol, cleared in 2 changekistbclear for 5 minutesind mounted
with mounting medium (Vectaount, Vector Labs) antbverslips.

Toluidine Blue Stainindor Mast Cells

Working toluidine bluesolution was prepared fresh by diluting toluidine blue stock solution
1:10 in 1% (w/v) sodium chlorideEgqueous solutionParaffin sections were deparaffinisadd
rehydratedas in H&E staining. Slides were incubated in working toluidine blue solutior2for 1
minutes and were washed 3 times in wafer 5 minutes each. Slides were then dehydrated in
ethanol gradients and cleared in histoclear as described it staining protocol.
Histological Analysis of Mouse Skin Tissue and Papillomas

Histological anales of H&E stained mouse skin goabilloma tissue sections wemmnducted

in collaboration with Dr. R. Asher, consultant dermatopathologist at the Ox@dnd Radcliffe

Hospital.

2.9 Human Patient Samples

Paraffin sections of Human skin samples from normal skin, psoriasis and eczema atients

caseseach)were obtained from the OxfordCentre for Histopathology Research (OCHRe)
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under ethi@l approval (NR&approval: 09/H0606/78) and in collaboration with Dr. R. Asher,

consultant dermatopathologist at the Oxford John Radcliffe Hospital.

2.10 Protein Analysis

Materials:

COmpleté" Protease hhibitor Cocktail

One COmpleté’ protease inhibitor tablet (Boehringer Mannheim, Germany) was dissolved in
2ml| of sterile distilled wateto form a25x stock solution.

NETNNP-40 Buffer

50mM TrispH 8
150mM NacCl
1mM EDTA
1% (v/V)NR40

Buffer stored at 4C Protease and phosphatasg#hibitors were added before use.

Phosphatase Inhibitor
One PhosSTOP phosphatase inhibitor tablet (Roche) was dissolved into 10ml of cold
NETNNR40 or RIPA lysis buffer before use.

RIPA Buffer

150mM NacCl

1% (v/V)NP40
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0.1% (w/v) SDS

50mM Tris base

Bufferstored at £C Protease and phosphatase inhibitors were added before use.

5x SDSPAGE Loading Dye
250mM Tris HCI

10% (w/v) SDS

50% (v/v) Glycerol

MH ®p: -Me@ap@detharol

0.5% (w/v) Bromophenol blue
10x SD$AGE Running Buffer

7209 Glycine
150g Tris
50g SDS

Adjusted to 5L with distilled water
10x SDSAGE Transfer Buffer

7259 Glycine

145¢g Tris

Adjusted to 5L with distilled water for 10x stock. 1x buffer was prepared in 20% ethanol.

Stripping Buffer

62.5mM Tris HCI pBL7
M 1 n Y anertaptoethanol

2% SDS
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Adjusted to 250ml in distilled water. Buffer was prepared fresh and used on membranes,

rocking at 58Cfor 30minutes.

10x Tris Buffered Saline Tween (FBJ5

1219 Tris base
36.53g NaCl

250mITween20

10x solutioradjusted to pH 7.6 with HCI with a total volume of 5L.

UREA Lysis Buffer

8M Urea

1M Thiourea

0.5% (w/v) CHAPS
50mM Dithiothreitol (DTT)

24mM Spermine

Methods:

Determining Protein Concentration

Protein concentrations of cell lysates were determined usihg BioRad Protein Assay

(BioRad). 1pl of cell lysate was added into 200ul 1xA3d Assay Reagent ar®6-well plate

in duplicates, and measurementgere taken at 595nmwith a spectrophotometer (Anthos

Labtech). Readings from increasing known concéoina of BSA (Signradrich) in the

Bio-Rad Assay Reagenere taken to generate a standard curve.
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Immunoprecipitation (IP)Assay

Protein G sepharose beads (Pharmacia Biotech) stored in 20% ethantl were washed

with cold PBS three times and suspended in a volume of cold PBS before use. Cell cultures

were washed with PBS three times and lysed in cold NEFEND or RIPAlysis buffer. Cell

lysate was obtained by scraping with a sterile disposable celpsr (Greiner) and left on ice

for 30minutes. Cell lysate wantrifugedat 150009 for 3@ninutesat 4°Cfor the supernatant.

Protein concentration in the supernatant was measured with the-HBd Assay System

(BioRad). 1mg of cell lysate was prieaed with 50% of slurry protein sepharose beads in PBS

for 30-60 minutesrotating at 4°C The lysate was thecentrifugedat 2000g for 2ninutes and

the supernatant transferred into a fresh tub&round 2ug of purified antibodyor 2-5ul of pAb

antiserumiserum was added to the 1mg preleared lysate and left om rotator at 4°C

overnight

Immunocomplexes were obtained byentrifugation at 2000g for 3minutes and the

supernatant was discarded. The beads were washed with cold NEAY/or RIPAysis buffe

three times. After removindghe residual supematant, the IP beads were mixed with 30ul of

5xSDEAGE sample buffer and boiled at°’@3or 5 minutes. The mixture was centrifuged

briefly at 150009 and the supernatant loaded oat6 DSPAGE gel for proteianalysis.

Protein Sample Preparation from Cells
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Cell cultures were washed twice with PBS, and lysed in the appropriate lysis buffer for specific

assays. Cells were scraped wathterile disposable cell scraper (Greiner) and transferreanto

autoclaved Bpendorf tube. Protein lysate was sonicated briefly with 3 pulsfe$0s each to

shear DNA, and sample was left on ice fon80utes with occasional vortexinghe ysate was

cleared by centrifugation at 150009 for Btinutes at 4Cto remove insoluble dédebris and

the resulting supernatant was used for protein analysis.

SDSPolyacrylamide (SDBAGE) Gels

SDSPAGE gels were made using the MIROTEAN® Tetra Handcast SystemsR@ip

according to the recipe ifable2.9. The resolving gel was overlaid with isopropanol and left to

polymerise after which he isopropanol was removed befotiee placement othe stacking gel

and well comb.

For 10ml total volume: Resolving SDBAGE gel Stacking
Acrylamide 6 8 10 12 15 4
concentration/%

Separation Range/kDa 50-200 | 25200 | 15100 | 10-70 12-45 N/A

30% Acryl/Bis 37.5:1|2 2.7 3.3 4 5 13

Acrylamide/ml

1.5M TrisHCIpH 88/ml 2.5 N/A
1M Tris HCI pH6.8/ml N/A 2.5
10% SDS/ul 100 100
10% APS/pl 100 100
TEMERDuI 10 8 5 4 4 10

DistilledH,O/ml 5.3 4.6 4 3.3 2.3 6.1
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Table2.9 Compositions of SDBAGE gels

Preparation of Protein Lysasfor SDSPAGE

5x SDFPAGE sample loading buffer was addednmgin lysates boiled at 98Cfor 5 minutes.

Samples were collectelly brief centrifugation and loaded onto SIPAGE gels along with

broadrange prestained protein marker (New England Biolalé3¢ls were run in 1x SIPAGE

running buffer with the MilPROTEAN Tetra cell (ad) ata constant voltage of 10A35V.

Immunoblotting

Proteins separated in SBPRAGE gels were transferred to nitrocellulose membrane (Whatman)

by wet blotting ina Hoefer Transphor Electrophoresis unit. Protein transfer was carrie@tout

4°Cfor 2.5hours at 85Yor overnight at 30V. The membrane was quickly stained with Ponceau

S solution $igmaAldrich to confirm the successful transfer of proteirihe nembranewas

washed in distilled water and blocked in 5% (w/v}ffae milk (Marvel) in 1x TBBEsolutionfor

1lhour at room temperaturavith rocking Primary antibody diluted in 5% (w/v) milk or 5% (w/v)

BSA was added tthe membrane for overnight incubation at°@ or 3 hours at room

temperaturewith rocking. The membrane was washed with 1xXTBBree timedor 5 minutes

each, and incubated with secondary H&dPjugated antibody at room temperature forhbur.

The nembrane was washed again three times with 1XTBSr 15minutes, and incubated in

enhanced chemiluminescence (ECL) western blot detection reag&nier§ham Pharmacia
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Biotech) for Iminute at room temperatureProteins were visualised with the film developer in

the dark room usingdrujifilmautoradiography films (Fisher Scienijfic

2.11 DataAnalysis fromlmages

All autoradiographs from western blots were scanned usindgEpson perfection 1660 photo
scanner. Adob@hotoshop7.0 and Imagedoftwarewere used to manipulate images only as a
whole for size, brightness and coast. No signal was modified in relatido the raw image

otherwise.

For cell counting from DAB/immunoflu@eence stained tissue sectiors/erageddata for

each tissue sample was collected from thoiferent tissue sections at least 40um apdbata

was obtained from tleastthree different fields of viewunder the microscopeok each section.
Positive staining was quantified by automated counting using ImageJ analysis software, with
technical assistance from Mark Shipm#&uasitively stained immune cells were quantitatively
analysed using #publically availabléen thresholding algorithm on Imaged, with settings of
circularity 0.251 and size 1000000 on all samples. The numbers of positive stained immune
cells were then divided by the area of skin section to obtain the density of immoatie

population within each sample.
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2.12 Statistics
Statistical analysis was carried ousing Microsft Excel GraphPad Prisnand IBM SPSS
Differences were considered significant at-&@p f dzS 2 All efcdipard shpwh in graphs

representd standard erras of the mean (SEM)

The bgrank (MantelCox) test was performed to determine the statistical significance of
tumour-free survivalof K14iASPP mice ithe DMBA/TPAcohort (Bland and Altman, 2004)
Mixed-design/split plot ANOVA for repeated measure generalised linear model was used in
testing data on papilloma number per mouggneway ANOVAvas utilised to analyse human
patient sample immunofluorescence dafBwo-tailed paired ttestswere caried out for g°PCR
analysis and unpaired t tests fomeasurements fromimmunohistochemistry staining on
mouse tissuesThe assumption of normal data distribution was taken, and parametric tests
were selected as rankased methods could not based for the smalsample sizes in this
research project (Blandnd Altman 2009). | have noted that the small sample size was
insufficient to examine the normal distribution shape of data points, and a larger sample size

would be required to confirm such assumption.
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Chapter 3  1ASPPDeficiencyin K14Positive Basal Epidermis Resulted
in Wavy Qoats, Open FEyelids at Birth and Abnormal in

Immunohomeostasis

3.1 Introduction

The expression of iIASPP in skin is detected predominantly in theds€itdve basal epidermal
layer (Chikhet al, 2011; Notariet al, 2011). These proliferative basal keratinocytes also
express the transcription factor p6@ponwhich iIASPP exertsnegative regulatory effect over
p63mediated activation of epidermal differentiation. The epidermal differentiation
programme wadmpairedin iASPRIeficient keratinocytes, with enhanced expression of the
loricrin and involucrin genesin addition, ASPPdeficiency in MEFs$nduced premature
senescence as shown lySAi -gal assay performed on primary cell cultui@otari et al.,
2011).Moreover, the presence of NF. G NJ YyAONRLIGAZ2Y FFOG2NJ Llkcp Ay
been reported previouslyBudunovaet al., 1999 Kimet al., 2014. Early studies have shown
the possible suppressive role of IASPP on p65 transcriptional activity éyahngl999; Takada

et al,, 2002), and further investigation meeded to see if IASPP and p65 interact in the basal

epidermal layer.
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Our lab has previously generatadransgenic mouse model with complete ablation of IASPP

expression iIASPR-) in amixed C57BL/6x129%wackground(Notari et al., 2011).This was

done by crossing micearryingconstitutive Cre recombinase expression with those thate

loxPsites flankingexon 8 of iIASPMeletionof IASPP exon 8 led to the loss of IASPP protein

expression in the mutants. These iIASPBnimalsexhibited a wavy coa and open eyelids at

birth phenotype with complete penetrancgNotari, 2012) Adult iASP#Iieficient mice had

cataracs in the eyes, which could be secondary to the open egglitenotypeleaving the

eyes unprotected during developmeniModest epidermal thickeningf the Klpositive

spinous layer anthe loricrin-positive granular layewas alsadetectedin these iASPReficient

animals, corresponding to the defective epidermal differentiation detected in IASPP

keratinocytes (Notariet al, 2011). Moreover, iASPH#eficient mice exhibited dilated

cardiomyopathy with focal opaque white plaques covering the heart surface (ING@2).

The IASPP- mutantswere susceptible to sudden death from 10 weeks of age due to impaired

cardiac function.These abnormalitiesvere highly snilar to the phenotypesof the two

spontaneous mutant mouse modelga3 and woe2which hadpreviouslybeen reported to

carrytruncation mutatiorsin the iASPP ger{élerronet al.,, 2005; Tooneset al, 2012).
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The cardiadefects of iIASRBReficient miceimpedeany longterm animalstudy, for example to

monitor possible spontaneous tumour development later in lifén order to study the

biological role of IASPP inskin carcinogenesiand to circumvent the early deaths of

IASPRieficient mice, a new transganic mouse model with specific IASPP deletion in the

Kl1l4positive basal epidermis was generated in this projectMoreover, it has been

demonstrated that other cell types such as MEFs express iASPP aaradatk of iIASPP could

lead tothe premature senescence of these cells (Notral, 2011). The expression of IASPP

transcripts was also detected in dermal fibroblasts of the murine skin. Such

K14iASPRleficient mouse modsl would facilitate research into the autonomous role of

IASPP spfically in the basal epidermal layéfhe interaction between epidermal and dermal

components is of particular importance in the development of epidermal appendaghe

skin(Schneideret al., 2009; Sotiropoulowt al., 2012). Thelevelopment ofK14iASPF- mice

would enablethe investigation of whether the skiphenotype olserved in total iIASPP

knockout animalsvas dependent on the biological activity of iIASPP in basal keratinacytes

where IASPP could possibly influence the transcriptional actiwfiés binding partnes p63

and p65
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3.2 Results
3.2.1 K14iASPPDeficient Mice Displayed Wavy Coat and Open Eyelids at

Birth, but not Dilated Cardiomyopathy
Basakpidermisspecific iASPEnockoutmice were generated by crossing mice that catiiee
Cre recombinase gerdriven byan epidermisspecific promoterwith mice carrying thdloxed
IASPP exon8 gene constrytig 3.1A) Qur lab purchased K1@re transgenic e with a
keratin 14 promoter directinghe expression oCre recombinaseStratification of the mouse
embryonic skin and the expression of K5/K14 keratins commences at E12.5, during which
expression of Cre recombinase under the K14 promoter should be induced (Koster et al., 2004,
Laurikkala et al., 2006). The loss of iIASPP lsigi&l4iASPH - embryonic skin demonstrated
successful knockout of IASPP by E16ths enabld deletion of iIASPP exon8 attte ablation

of IASPP protein expression in tissues expressing keratsudh as the skireyes andtongue.

The resulting KIHASPR - mutant in a pure C57BL/6 background presented thigarsewavy
coat phenotype with full penetrancéK14iASPPA n=35, -/- n=57). This indicatd the
significance of IASPP expression in keratinocytedth regard to enabling normakkin
homeostasis ad HFdevelopment.About half of the K14ASPRieficient adults alsdad eye

cataracts, but none of the mutants had opaquequlas on the heartKig3.1B, §. K14iASPH -
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mutants were left to age to over a year old, and none of the animals were lostadsiedden
death. The abnormal coat texture and eye defe@mained inaged K14iASPH - animals,

which showed no signs of spontaneous skin tumour development.
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Fig3.1 Mice with specific IASPP deletion in Kpbsitive epidermis displayed wavy hair and
eye defect phenotypes, but not cardiomyopathy.

(A) Schematic illustrating the generation of IASPP conditional knockioetkt4iASPF - by

101



Chapter 3 Results

crossing mice with Cre recombinase expression under thepkdmoter and those witHoxP
flanking exon 8 of the iIASPP gene.

(B) K14iASPRH- mice had abnormal sparse wavy coat and eye defects similar to those
observed in complete iIASPP knockout mice,didtnot show any heart abnormalities.

(C)The wavy hair phenotype showed complete penetranc&ittiASPH - mice, but only 44%

of K14iASPF - postnatal mice had eyeaflects K14iASPPA+ n=35,-/- n=57).

(D) PCR analysis of the iIASPP gene perform&N#nsamples extracted from different organs
of the K14iASPH - mouse. The white arrow refers to the 600bp band generated from the PCR
reaction using primers 18 and E&, which indicates the presence of wild type iIASPP exon 8.
The black arrow pointt the 700bp band derived from the PCR reaction using primegs 18
and FLP2, which indicates the deletion of iASPP exon8.

DNA samples were extracted from various organs ofik$#H - mice and examined for iIASPP
exon 8 deletion by PCR analysis (Fig 3.1Bkud$ that consist of stratified squamous
epithelium such as the skin, tongue and oesophagus are known to express K14 and hence the
Cre recombinase would be activated to facilitate iASPP ablation. The presence of a 700bp band
from PCR reactions on thesenggles indicated thatoxP recombination of IASPP exon8 had
taken place (Fig 3.1D). Such a band was not present for other tissue samples such as the heart,
spleen and liver. Result from the PCR analysis confirmed the specificity of iIASPP exon 8

deletion,mediated by the activity of Ki@re recombinase.

3.2.2 BEpidermal iASPMeficiency did notimpair Embryonic Skin Development
Embryonic skin samples were takénom K14iASPPA+ and -/- embryos at E164&17.5 to

identify any developmental defectén the skin Higological analysighrough H&E staining
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showed no clear difference in the epidermal structure betweenwild type and

K14iASPRieficient mice(Fig3.2A).

The expression profile of IASPP during embryonic skin development was analysed using

immunofluorescence. The loss of any iIASPP signal iHASRH- embryonic skin

demonstrated successful knockout of IASPP by E16.5. iIASPP present in embryonic mouse skin

was predominantly cytoplasmic in the Kfdsitve basal epidermis (Fig 3.2B). Unlike the adult

murine skin in which iIASPP was predominantly basal (Netaai.,, 2011), cytoplasmic and

junctional IASPP expression was also detected in theni@dtive suprabsal layers of

embryonic skin.
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E17.5

\

K14 iASPP +/+

E16.5

K14 iASPP -/-

K14 iASPP +/+

E17.5

K14 iASPP -/-

Fig3.2iASPP is expressed throughout E14 5.5 embryonic mouse epidermis
(A) H&E staining of KIASPP+/+ and KIASPH - embryonic skin sections did not reveal any
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developmental skin defects (scale bar=50um).
(B) iIASPP immunofluorescence staining of embryonic skin sections showed predominantly
cytoplasmic localisation in the basal layer and junctional iASPP in the suprabasal layer (scale

bar=25um).

The bcalisationof epidermal differentiation markers in KIASPPA+ and -/- embryonic skin

was also assessed. Skin samples were stained for basal markers K14 atite gg8nous

marker K1 andhe granular marker loricrinKig 3.3A). iIASPP deficiency ithe embryonic

epidermis did not affect the expression profiles of these differentiation markers.

Furthermore K14iASPP+/+ and- embryos were subjected to toluidine blue skin permeability

assay to examine the skin barrier function of KA8PRleficient embryonic skint has been

demonstrated that thdormation of themouse skin barrier is initiated late in emylegenesis at

E16 and completes by E17 (Hardnedral., 1998). Blue staining of the skin implies epidermal

penetration of the toluidine blue dye where skin barrier function has yet to be established.

Results of the assay showed that iIASPP deficiency @netlidermis did not impair the

acquisition othe skin barrier by E17.5-(g3.3B).
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A E16.5
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Fig 3.3 The absence of iIASPP expression in embryonic skin did not affect embryonic skin
development and barrier formation.

(A) Immunofluorescence staining of epidermal differentiation markers K14, K1, loricrin and p63
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on E16.5£17.5 skin fromK14iASPPA and K14iASPRH- embryos. Expression patterns of
these markers were not affected in the absence of IASPP in embryoni{ss&iae bar=25um).
(B) Skin permeability assay BA4iASPPA andK14iASPH - embryos showed no impairment
of skin barrier formation.

(C) Impaired eyelid closure was observed in 50%l14iASPH - embryos at E16:47.5 (E16.5:
K14iASPPA n=4,-/- n=5; E17.5K14iASPPA+ n=10,-/- n=7).

Open eyelid defects were observed in roughly 50% of-iIK&PH- embryos at E16:47.5,

whereas all of the wild type embryos had closed eyelids (Fig 3.3C). Eyelid closure in mice

begins at E14.5, when the epithelial leading edges extend from the eyelidnoboth sides.

The leading edges meet and fuse to form an epithelial bridge at E16.5, followed by

mesenchymal extension at E17.5 (Tab al, 2005). K14ASPRieficient embryos could

potentially have eyelid developmental defects before E16.5, leadintpeodisplay of open

eyelids at E16:47.5.

As epidermal iASPP deficiency did not lead to overt abnormalities in the highly proliferative

embryonic skin which might be indicative of alteration in the skin stem cell population, BrdU

label retaining studiesvere not performed to quantify stem cell numbers present. However, it

would be interesting to see if the dynamics of various stem cell populations, such as those in

the HF bulge, would be influenced in postnatal #48PH - skin
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3.2.3 EpidermaliASPP isequired to Maintain Normal HFPolarity, Hair Shaft
Production andProper Timing of the Hair Gyclein Adult Skin

IASPP expression in the adult skin of ¥K44PP+/+ and- mice at postnatal day 35 (P3%)as

examined by immunofluorescence staining. Predomihacytoplasmic iASPRasdetected in

the IFE Fig 3.4A). Moreover, strong iASPP expressionlad be detected in anagerHF

particularly in the hair bulb where the proliferative matrix cells reside as well a®R@&vhich

is continuous with the IFE-ig3.4B. Suchan iIASPP signaltas absent in skisamples from

K14iASPR - mice, which confirned the specificity of the iIASPP antibo@iig3.4C, D).
K14 iASPP +/+ K14 iASPP -/-

Fig3.4iASPP is expressed in the epidermis and hair follicles of adult mouse skin.

(A&C) Cytoplasmic expression of iIASPP was detected on the epidermis of mouse skin at P35 by
immunofluorescence staining.

(B&D) iASPP was detected in the anagen hair bulb (sas2Bum).

Histological analysis of adult mouse skin was performed by H&E staining of sedtiamed

from K14iASPP wild type and knockout mice. Skin samples were collected from age and sex
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matched littermates at P35 and P56 to examine the anagentalogien phase of the hair

cycle respectively. Thiwas facilitated by the synchroeeéd and therefore predictable hair

growth cycles of mice during the first few months after birth (MaRgveret al., 2001).

A note of caution when conducting dermatoldgal research on mouse skin is that the

synchronged hair cycles in mice can lead to substantial changes in skin architecture

(Mller-Roveret al.,, 2001; Stenret al., 2001). Mouse skin witHFsat the proliferative anagen

phase is known to hava thicker epidermis and dermis, along with an increase in dermal

vascularity and stromal content. It is therefore vitiaét skin sectionsre takenat the same HF

phaseif comparable meaningful resulre to be generatedespecially when examining the

thickness ofmouse skin.

The H&E stained KIASPPA+ and-/- skin sections did not reveal any obvious difference in

the general thickness of the-E associated with anagen or telogenH{R14iASPP+/+ n=3/-

n=3 per group). Howeveunlike the wild type anagen HFs growing at an angle to the skin,

misalignment of HFs could be observed inK89PRieficientskin that poined downwards to

the muscle layer (white arroleadin Fig3.5A).Interestingly, HF misalignment could only be

deteded at the anagen phase and not in the telogen phase of the hair cycle. The lack of
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epidermal iIASPP disrupted anagen HF polarity, but did not seem to affect the distribution of

HFs in the skin (Fig 3.5B).

The timing of the hair cycle was also disruptedhie absence of epidermal iIASPP expression.

C57BL/6 female mice are expected to have a synchronous postnatal hair cycle, entering their

first anagen phase at P28, catagen at P42 and telogen at P49 (Roleret al., 2001). The

skin pigmentation of C57Bmice aids the identification of which hair stage the skin is in,

with anagen phase associated with black pigmented skin and telogen phase with pink skin.

However, about half of the KiASPRieficient female mice had anagen hair growth with

black pigmerted skin at 7Bweeks old whereas all of the wild type littermates had pink skin (Fig

3.5C). These KiASPRieficient females eventually entered the telogen phase around

9-10weeks after birth. This could be due to a prolonged anagen phase, or accel@itisgibin

of the second anagen growth phase (KASPP+/+ n=13/- n=13).
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Fig3.5 The lack okpidermaliASPP expression in postnatal skin led to misalignmenH&$ at
anagen, disruping normal hair cycling and production.

(A) Histological analysis KfLl4iASPPA andK14iASPH - murine skin at postnatal day 35 (P35)
and day 56 (P56). White arrbwad indicatesa misaligned anageiFfound in K14iASPH -
skin.HF alignmenat telogen was not affected in the absence of iA§BBale bar=100um).

(B) No significant difference in the numbertdFsper millimetre length of skin was observed

betweenK14iASPPA andK14iASPR - skin at P56.
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(C) Pictures showing differences ikins pigmentation of K14iASPPA and K14iASPH-
C57Bl/6 females at 7 weeks olthe @ale pink colour indicatethe resting telogen phase of the
hair cycle, and black indicatéfse active hair growth anagen phase. Deregulated timing of the
hair cycle wasobserved in 50% 0K14iASPH- femaleswhen compared to the wildtype
(K14iASPPH n=13,-/- n=13).

(D)K14iASPH - mice produced hairwiith abnormal hair shaft structuresompared to the wild
type K14iASPPHA+ n=5,-/-n=7; scale bar=50um).

Lastly, KI4ASPH - HFsproduced hair shafts witlltered structurefor all hair types found on

the murine coat (Fig 3.5D). This observation corresponded with the abnormal hair shaft
production previously reported in the spontaneous mutant wa3 mouse (et al., 2005).It

would be interesting to further examine whether epidermal iASPP deficiemould
significantly affect the normal distribution of different hair types found in mouse coat
(Tablel.1)These resultsuggestd that a lack of iIASPP in thpidermis is sufficient to disrupt

HF biology in terms of HF polarity, cycling and hair shaft production, and could together

contribute to the abnormal coat texture of KIASPF - mice.

3.2.4 Thelack of IASPP iipidermis Disrupted Epithelial Differentiation and
Resulted inAbnormal Focal Epidermal Thickenings
To investigate whether iIASPP deficiencyhiea epidermis would impair its stratificatiorskin

sections fromK14iASPP+/+ and/- mice at P35 were stained for epidermal differentiation
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markers.Although the general expression profiles of K14 and, pd8ch markthe basal layer

were comparable between wild type and iIASPP knockoige, mild focal thickening of the

K14h63-positive basal layer could be obsard in K14ASPRleficient skin Fig 3.6A, B).A

similar okservation was made for the spinous marker Klmaglerate focal thickening of the

Kl-positive spinougpidermal layemwas alsaletected Fig3.6C).

K14 iASPP +/+ K14 iASPP -/- K14 iASPP +/+

K14 iASPP -/-

Fig3.6 Focal thickening of the epidermis was observeddi4iASPH - skin at P35 compared
to wild type littermates.
Expression of basal epithelial markers was examined by immunofluorescence staining.

(A) K14 expression was examinekhe white arrow indicates mild focal thickening e
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K14positive basal layer iIK14iASPH - skin comparedvith wild type littermates.

(B) p63positive cells were present as a singhdl layer in general in botK14iASPPA and
K14iASPR - skin, with he white arrow indicating a mild thickening of the pp8sitive layer in
K14iASPR - mice (K14iASPPA+ n=3,-/- n=3).

K14 iASPP -/- K14 iASPP +/+

K14 iASPP +/+

K14 iASPP -/-

Fig 3.6 Focal thickening of the epidermis was observedKa4iASPR - skin at P35when
compared towild type littermates.

(C) Suprabasal epithelial marker K1 was detected by immunofluorescence staining. White
arrow indicates mild focal thickening tie Kl-positive suprabasal layer iK14iASPH - skin
compared towild type littermates.

(D) The abnormal expression of hypaiifierative keratin marker K6 was detected in

K14iASPR - IFEbut not inwild type mice(K14iASPPA+ n=3,-/-n=3).
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These skin sections were then stained for the hyperproliferative markelFig&8.6D). K6 is

normally absent in healthy IFE, but is expressed as a structural compontret @R Sof HF

(Rothnagelet al., 1999; Komineet al., 2001). K6 expression is induced in IFE in response to

stimuli such as wounding and exposure to phorbol estarin pathological conditions such as

psoriasis and cancer. The focal expression of K6 oniASRRF- IFE indicatd perturbed

normal keratinocyte function in the absence of IASPP expression.

3.2.5 Abnomal Infiltration of Immune @llIs in K14ASPPDeficient &in

K14iASPRieficientmice and their wild type littermates were left to age to over lyear old, in

order to monitor for any spontaneous development of skin pathologies in the absence of

epidermal iIASPP expressidithile skin tumour development was not observed in these aged

animals, the abnormal focal epidermal thickenings seen in P35iA8BRF- mice were

detected on aged KIASHP-deficient skinas well(Fig3.7A) The focal epidermal thickenings

were positively staing with K6, illustrating a disrupted epithelial differentiation programme

within these regions (Fig 3.7B). Such lesions appeared to be more frequently observed in aged

K14iASPH - skin when compared to that of young animals, but formal quantification wbald

required to confirm that.
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Fig 3.7 Immune infiltrates and focal epidermal thickenings were present in 1 year old
K14iASPP - mouse skin when compared to wild type littermates.

(A) Histological analysis of H&E&ined murine skin sections from 1 year old ¥A8PP+/+ and

116



Chapter 3 Results

K14iASPR - females (K14ASPP+/+ n=4/- n=7) showed the presence dérmalimmune cell
infiltrates and IFE thickening in the knockaub®tted line represerst the border between the

IFE and the dermi¢Left panel scale bar=50um, right panel zeomscale bar=20um).

(B) Immunofluorescence detection of iIASPP, K14 and K6 demonstrated the expansion of the
K1l4positive basal layer and abnormal K6 expression id-l&EPH- skin focal thickenings

(scale bar=50pm).

Moreover immune cell infiltrates were found in the dermis of KA8PH - skin, some of which

were associated with distorted HFs (Fig 3.7A). These deformed HF structures could possibly

contribute to the abnormal coat developed by KIiASPRieficient mutants. All these

abnormalities could not be detected in the skin of wild type mice {IREPP+/+ n=4/- n=7).

To determine the identity ofthe immune cells observed in K1ASPRieficient murine skin,

secions were stained with specific markers for different immune cell types by

immunohistochemistry. The immune cell infiltrateappeared topredominantly consist of T

cells, which werestained positivelywith the panT cell marker CD3ig3.8A). Unfortumtely,

because of technical issugbe staining for CD&vhichmarks T helper cells was unsuccessful.

However only a fewimmune cellsthat were stained positive fothe T killer cell markeCD8

could be detectedFig3.8A). Thided to speculationthat the rest of the CD3€D8 T cell

population could potentially be CDA4F helper cells although this needsexperimental
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verification.Moreover, anumber of CD45lRositive B cells were detected with the immune

cell cluster Fig3.8A).

A K14 iASPP +/+ K14 iASPP -/-

Fig3.8 Immune cell infiltrates observed ilK14iASPR - skin consistedmainly of T cells and
macrophages, with the presence sbmeB cells and neutrophils.

(A) Immunofluorescence detection of B cell marker CD45R, T cell marker CD3 and T Killer cell
marker CD8 on 1 year old14iASPPA+ and K14iASPH- skin. Stainingpredominantly
demonstrated the presence dfcells with some B cells in the immune itfdtes as indicated

by the white arrows (scale bar=50um, right papebmin scale bar=20um).
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B K14 iASPP +/+ K14 iASPP -/-

F4/80

MPO

Mast cell

Fig3.8 Immune cell infiltrates observed in KIASPHF - skin consistedmainly of T cells and
macrophages, with the presence of B cells and neutrophils.

(B) DABstaining for macrophage marker F4/80 and neutrophil marker MPO, as well as
toluidine blue staining for mast cells on 1 year old mouse skin. Immune cell infiltrates found in
K14iASPR- skin consisted of F4/8fositive macrophages and MP@ositive neutrophils but

not the metachromatically stained mast cells indicated with white aheads (scale

bar=50um, right panel zoo#im scale bar=20um).

DAB staining was carried out to test for the presence of any innate immune cells in

K14iASPR- skin. F4/86positive macrophagesappearedto be the predominantinfiltrating
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innate cell type, along with a few MPR@bsitive neutrophils within such clustergFig 3.8B).

Toluidine blue staining was performed to identify mast celbt would be metachromatically

stained, appearing with a characteristic rpdrple colour in contrast to blue orthochromatic

background staining (Fig§.8B). The results of the staining suggested that mast cells did not

seem to contribute to the composition of cellular infiltrates.
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3.3 Disclssion

The presentation ofibnormal coat and open eyefidt birth defectsin K14iASPH - mutants

mirrored the phenotypes displayed by iASEpleteknockout mice. This providestrongin

vivo evidenceregardingthe essenti& nature of iIASPRexpressionin the basalepidermis to

maintain proper skin homeostasis and eyelid developm@&ht absence of any heart defects

in KL4iASPR- mice confirmed the specificity of IASPP gene ablation in-dkpdessing

epithelial tissuesThe integrity of the IASPP geimeK14negative tissues was further proved by

genetic analysis on DNA samples extracted from such tissues, in comparison to the deletion of

IASPP exon 8 detected in Kéxpressing tissues.

Interestingly the open eyelid defect sived incomplete penetrance in K1ASPRleficient

mice in the C57BL/6 backgroundlhis was in contrag to the full phenotypic penetrance

observed iniASPPcomplete knockout mice inthe C57BL/6%29Sv background. Several

possibilities could explain such difémce in phenotypic display. I$ possible that the pure

C57BL/6 genetic background conticertain modifier genes that partigll rescue the

embryonic eyelid developmental defect, which might be diluted in the mixed C57BL/6x129Sv

background. Secondly, ¢hloss of IASPP expressiontire eyelids of K14ASPRieficient

mutants has not been tested. ig therefore plausible¢hat mutants with normal eyelid closure
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still retain iIASPPRrotein expression, as embryonic eyelid closooenmences at EL5 and the

absence of IASPP has only been verified in E16.5 embryonic skin. ,Thirdly

epitheliakmesenchymal interaction is important during eyelid morphogenesis. It is still

unknown whether, and if so how much, mesenchymal iIASPP contsituthis developmatal

process relative to iIASRRpressiorin the epithelial compartment.

Although IASPP deficiency did not havdragic effect onembryonic skin development, focal

hyperproliferative epidermal thickenings were detecteth K14iASPRieficient adult skin.

Furthermore, abnormal infiltration of immune cells could be observed in the mutant dermis.

Such cellular infiltrateappeared to consist gfredominantlyT cells and macrophages, and to

a lesser extent B cells and neutrophilhis observationssuggestthat the lack of iIASPP

expression in keratinocytesould somehowlead to the aberrant recruitment of immune cells

into the skin. Previous studies have indiedtthat iIASPP has a regulatory role on epidermal

differentiation viathe modulation ofp63 transcriptional activities (Childi al., 2011; Notaret

al., 2011). It would be interesting to find owthether theinfiltration of immune cell®bserved

hereis asecondary defensive response towards abnormal epidermal differentiatitime skin.

Another possibility is thatASPRieficient keratinocytesmight be involve in the actve
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recruitment of immune cells, as keratinocytes are known to be capalbleacting as

inflammatory initiators.
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Chapter4  K14iASPPDeficient Mice were More Sensitive towards
Chemically Induced &in Carcinogenesisand Phorbol Ester Induced &in

Inflammation

4.1 Introduction

The most wetknown function ofthe ASPP protein family is their ability specifically regulate
the apoptotic but not the cell cycle arrest function of p53 (Santuelset al., 2001).ASPP1
and ASPP2 proteins enhance the transactivation activity of p53 towardapmutotic genes
such asBAX PUMA and PIG3yhile iASPP inhibs such activitiesPrevious studies have
demonstrated that iIASPP could enhantte transforming activities of Ras and E1A in rat
embryonic fibroblasts, and was overexpressed in a number of human tumours (Bergagataschi
al., 2003; Cheret al., 2010).In view of the prominent role of iIASPP in skin biology and the
needfor in vivodata to determine whether iASPRircact asa proto-oncogenein supporting
tumour growth the DMBA/TPAwo-stagechemical carcinogenesis experimamvas performed

onthe K14iASPP mouse cohort.

The chemically induced skiparcinogenesis protocol is\ery well-establishedsystemthat is

usedto study multistagecancer development and progressi¢Wu et al., 2001;Filleret al,
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2007). It involves three main stages dfimour development: initiation, promotion and

progression. Epidermal cells are first initiated with a single topical application of the

carcinogeny’, 12-dimethytbenzanthracene (DMBA) on mouse skin. DMBA is knowratse

specificirreversible activating mutatianin the H-Rasproto-oncogene frequently an Ato-T

transversion of the second nucleotide in codon 61 (Fietchl, 1996; Filleet al, 2007) The

promotion phaseconsists ofrepeated topical application of the phorbol estTRA to induce

skin inflammation. This promotes the proliferation of initiated gellsading to the

development of benign papillomas. These benign papillomagspontaneously progress into

malignant squamous carcinoman cases where additional gene mutations are acquired, or

when the transgenic animals carry genetic alteratiotigt cause them to be more

tumour-prone.

As mentioned above, iASPIRas beenshown to inhibit p53mediated apoptotic gene

transcription and an enhance Ras transforming activity in rat embryonic fibroblasts

(Bergamasctet al.,, 2003).Transgenip53-deficient mice in DMBA/TPA studies exhibited more

rapid malignant conversion of the papillomas formed, bigvelopal a similar number of

benign pagdiomaswhen comparedvith the wild type (Kemgt al., 1993).This illustrated that

p53is requiredto preventmalignant transformation but might not be involved in the initiation
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of cancer developmentThe lack of iIASPP expression in -laditive basakpidermis might

allow the activation of p53nediated apoptotic gene transcription, as well as hampering the

proliferation of Rasactivated keratinocytes upon DMBA treatment. Therefore one might

expect that K14ASPRleficient mice would have reduced semgily towards theDMBA/TPA

assay This could beevidenced throughreduced number of papillomasformed due to

decreasedproliferative potential of Rafransformed keratinocytes, or reduced malignant

conversion of papillomas as p53 is no longéibited byiASPP in the basal epidermis.

In addition,a recent study hagslemonstrated thenegative regulatory function of iIASPP over

p63-mediated gene expression in preventing premature keratinocyte differentiation (Netari

al.,, 2011).Sudies of spontaneous cancedevelopmentin p53+/- p63+/- transgenicmice did

not give conclusive resultsn whether p63 would be involved in tumourigene@toreset al.,

2005; Keyest al., 2006) However, onsideringthe role of iIASPP in inhibiting p®3ediated

loricrin and involucrin expression, iASHficient basal epidermis would be less prone to

DMBA/TPANnduced skin carcinogenesis as iA%Pkeratinocytes would undergo premature

differentiation.
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Moreover, iIASPP has been previously reported to be abléitud to and irhibit the DNA

binding activity ofthe NFkB transcription factor p65 (Yared al., 1999; Takadat al., 2002),

although such interaction has yet been tested in keratinocyldse K14o65-deficient mice

displayed decreased susceptibility towards Jidiced cutaneous inflammation as well as

DMBA/TPA skin tumourigenesis comparedhe wild type (Kimet al., 2014). If thanhibitory

effects of IASPP on p65 existthe basal epithelium and predominates during DMBA/TPA

treatment, one might speculate that thebaence of iIASPP in the basal layer would result in

increased papilloma formation on KAASPH - mice.

Therefore, the aim of this chapter was to examine whether epidespéecific deletion of

IASPP would influence susceptilyilitowards the DMBA/TR#duced skin carcinogenesis

protocol. Ths would provide an indication on the role of iASPP in cancer development, and

perhaps reveal hints on the possible interaction of iIASPP with its binding partners p53, p63 and

p65 during neoplastic progression.
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4.2 Results

4.2.1 K14iASPPDeficient Mice Showed Earlier Onset of Benign Pgilloma
Development and hadHigher PapillomaBurden than Wild Type Mice

Several components of murine skin biology must be taken into consideration when performing

the DMBA/TPA induced skin carcinagsis assay. The synchronous HF cycling of mouse skin

can influence different aspects of skin biology at a particular hair phase. Besides the thickness

of the skin, studies have demonstratezhangesin blood vasculature and the skin immune

system associatk with HF cycling. The anagen HF phase is correlated with an increase in

angiogenesis and production of amiflammatory mediators such as-10 (Mecklenburget al.,

2000; MullerRoveret al., 2001; Stenret al., 2001). Moreover, some studies haseggested

that the topical application of DMBA to murine skin at the ffevative anagen phase could

generatemore papillomasvhen compared to skin inhe telogen phase (Milleet al., 1993).

Therefore,agematched mice with HFsat telogen phaseshould berecruited for DMBA/TPA

treatment. Female mice shoukdsobe usedfor this assay instead of males, as males tend to

fight and potentially catsswounds on the skin and introduce bias to the assay.

Another factor to be considered when utifig the twostage skin carcinogenesis protocol is

the marked differences in responsétreatment according to the mouse strain us¢daito et
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al., 1988; Imamotcet al., 1993; Woodworthet al., 2004; Filleet al., 2007). Different mouse

strain shows different susceptlilties towards TPAnduced hyperplasia anthe malignant

conversion of papillomas formed. Although the C57BL/6 genetic background of tHABRR

mouse cohort is ideal for studying HFs due to its obvious skin pigmentation, this strain is

particularly resitant to DMBA/TPA tumourigenesighen compared to the more susceptible

strains such as SENCAR.

Female mice with wild type, heterozygous and homozygous iASPP deletion in thediive

epidermis were enrolled into the DMBA/TPA treatment cohort SPPA+ n=14, +/ n=9,-/-

n=11).A single dose of DMBA was applied topically to the dorsaltsiirhad beenshaved on

the previous day, andriasfollowed by 15weeks of twiceweekly TPA applicatiar{Fig4.1A).A

small cohort ofmice were allocated intthe TPAonly treatment group (K14ASPPA n=5,-/-

n=4) to test whether papilloma development walependent on DMBfediated Rasgene

activation or could result fronminflammation aloneMice were then observed for up to 1 year,

or when endpoints were @&ched requiring immediate termination as determined by the

project license.
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Fig4.1 K14iASPP - mice were more susceptible to DMBA/THAduced skin carcinogenesis
compared to K14ASPP+/+ mice.
(A) Schematic illustrating the DMBA/TPA t8tage tumour induction protocol.
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(B) Dorsal view of papillomas developed on#849PP+/+ and K1ASPH - mice.

(C) Papilloma incidence represented as a percentage of mice bearing papillomaa{RP4/+
n=14,+/- n=9,-/- n=11).

(D) Formation of papillomas observed in different mouse cohorts R&®:001, error bar

represents SEM).

Curiously, the KHASPH - mice weresignificantlymore susceptible to the DMBA/TPA tumour

induction protocolused Almost all & the K14iASPRleficient mice in the DMBA/TPA cohort

developedexophyticpapillomasin contrag to low frequencief papilloma incidencén both

wild type and KI14ASPP+/ animals (K14ASPPA=0.07%, +~0.11%, -/-=91%).

K14iASPRieficient mice also showed a much earlier onset of papilloma growtien

compared to iASPP wild type and heterozygous nkagl(1C). Moreover the average number

of papillomas formed per mouse was significantly higher on-iK&# Rieficient dorsal skin

(Fig4.1D). None of the mice=xhibitedtumour growth in the TPAnNly cohort irrespective of

their genotype Macroscopicallynone of the papillomas showed signs of malignant conversion

such as endophytic growth and ulceration during the courstn@DMBA/TPA treatment and

monitoring period (Fig 4.1B)

A previous study has investigated the skin tumour inducing activity of AIVIBA treatment on

the C57BL/6 mouse strginand demonstrated its high resistance towards such skin

131



Chapter 4 Results

carcinogenesis assayThe group used 25nmol/6.5ug DMBA for initiation, followed by 23
weeks of twiceweekly 6.8nmol/4ug TPA application to give around (égillomas per mouse
(Imamotoet al., 1993). The protocol utilised in this research project involved the application of
25ug DMBADbut only 15 weeks of twice weekly 4ug TPA. This led to the development of about
0.07 papillomas per wild type C57BL/6 mousejow frequency of papilloma formation
comparble to what has beerpreviouslyreported. On the other hand, an average of 3.55
papillomas per KIHASPRieficient mouse was obtained 24eeksafter the beginning of the

DMBA/TPA treatment.

4.2.2 Papillomas Developed on Mice Harboured DMBAiInduced H-Ras
Activating Mutation

DNA samples were extracted from papillomas formed on the animatiettify the presence

of HHRasmutation induced by DMBA. Nested PCR reactions were performed to amplify exon 2

of the H-Rasgene where codon 61 resideBi§4.2A). The conversion @fild type CAA allele to

CTAIn codon 61produces an Xbal restriction enzyme cleavage sit@iscan be utilised fothe

diagnostic detection of H-Ras point mutations, referred asrestriction fragment length

polymorphisns (RFLP).
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Fig 4.2 Presence ofRas mutation in papillomas formed on bothK14iASPP# and
K14iASPP - murine dorsal skin.

(A) Schematic diagram showing the detection of GARTAH-Rasmutation through nested
PCR and RFLP.

(B) Nested PCR was performed on DNA extracted from papillomas and tir@@uskin
samples from mice inthe DMBA/TPA cohort. The presence lRasmutation would have
introduced the Xbal restriction sitecausingthe production of shorter fragment$85/91bp)
from the unmutated PCR product(176bp. Papillomas from both KIASPPA and

K14iASPH - mice containedH-Rasmutations whereas timour-free skin sampledid not
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Digested PCR products were run on a polyjaamde gel to visualise the shorter 89/91bp
bands, which indicates the presence of @XBTAH-Ras mutation (Fig 4.2B). Such shorter
bands were only found in reaction samples from papillomas and not those from tufremur
skin. This indicated that papillomageveloped on KI4ASPP+/+ and KiASPH- mice
harboured DMBAnduced Ras mutation, and that tumour formation on these mice was

dependent on Ras activation as the T&y cohort did not develop any papillomas.

4.2.3 PapillomasObserved inthe DMBA/TPATreated Mouse Gohort were
Well-Differentiated and Benign
Samples were taken froomouse skin angbapillomas and sectionswere stained by H&E to
examine tissue morphologyig4.3). Histological analysis was carried with the guidance of
dermatologist Dr. RuthAsher at the John Radcliffe HospitaPapillomas from both
K14iASPPH and K14ASPH- animals exhibited exophytic growth and were
well-differentiated, covered with extensive layers of keratifigid.3A). All of the papillomas
examined were benign inature as no signs of epidermal invasion into the dermis and
underlying muscle layers were observedg4.3B).Epidermal spongiosis was detected in the
papillomas, indicating the presence of intercellular oedema between keratinocytes (black
arrowheads in g 4.3C). Parakeratosis, the retention of nuclei in the cornified layer, was also

noted indicating a disruption of normal epidermal differentiation (white arrowheads in Fig

134



Chapter 4 Results

4.3C). Infiltration of immune cells such as macrophages, neutrophils, T cells @aild Bas

observed in the papillomas developed (Fig 4.4).

A K14 iASPP +/+ K14 iASPP -/-

Fig 4.3 Outgrowth of benign, highly differentiated papillomas orK14iASPP# and
K14iASPP - mice inthe DMBA/TPA cohort.

(A) Histology of papillomas developed through H&E analysis.

(B) No signs of tumour invasiamto the dermis andhe underlying musclesiere observedn
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(C) Signs of parakeratos({svhite arronheads) and spongiosis (black arrbeads) were
observed in papillomas from boti14iASPPA+ and-/-Y A OS o0 { OFL £t S o6 NI pn>Y0 @

Fig4.4 Immune cells present in papillomas developed on dorsal mouse skin.

DAB staining fopapilloma sections for (A) macrophage marker F4/80, (B) MPO for neutrophils,
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