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Summary

Despite many studies on pathology and aetiologynduhe past decades, the molecular
mechanism(s) of melanoma development remains latgednown. Therefore the purpose
of this project was to establish a transgenic meonsdel able to investigate the molecular
mechanism(s) of melanoma aetiology mediated by Bl-&a PTEN genes. To achieve
this, an inducible gene switch approach was empl@ygploiting the CréoxP recombinase
system. This approach has the advantage of avoelmigryonic lethality and helps to
minimise disease(s) in other tissue(s) that magrfete with animal viability. It was
envisaged that this inducible system would estaldisnodel that accurately mimic the
development of melanoma in humans. A disadvantagegbthat the tyrosinase-based

promoter was only responsive to the inducer whelamoeytes were proliferating.

Initially, regulator vectors were created by subhdhg Cre under the control of a
melanocyte-specific promoter either enhanced typess (EICre) or tyrosinase related
protein 2 (Trp2Cre). A Cre responsive, target N¥3dransgene was also cloned, where
expression was induced by Cre ablation of ‘Stagsette (cmv.stop.N-R48} together

with a report target transgene (cmv.stop.EGFP)daneexpression characterisation.

The functional activity and gene-switch specificd/ these constructs were subsequently
confirmed employing co-transfection of regulatod aeport target into B16 melanoma
cells, but to confirm their activity in primary nagocytes, melanocyte culture conditions had
to be defined for optimum growth and transfecti@ntlaere is no optimized commercial
medium available for murine melanocyte culture kenlfor human melanocyte. In this
study therefore, murine primary melanocyte cultarethod (50/50) has been defined,
which exploited keratinocytes for initial melanoeytgrowth support as a feed layer. The
other advantages of this 50/50 medium were thameiged cells grew without

spontaneous transformation and gave the highesfeetion efficiency compared to media

17



exploited by other groups. Using primary melanosytiltured in 50/50 medium,
transgene construction and identification of retulaxpression were performed by RT-

PCRIin vitro prior toin vivo analysis thereby avoiding unnecessary breeding.

When concerns had arisen regarding an unexpeat&dfamelanoma phenotypa vivo
particularly in addition of PTEN loss, this cultupeotocol supplied a successful test of
oncogenic potential of N-R¥$! and PTEN lossn vitro, where N-Rd¥®' expression
transformed melanocytes and PTEN loss promoted $¥:Rato give more aggressive
cells. However a functional redundancy was idesdifias transformed colonies were not
immortalized and eventually senesced, possiblytdubkeir opposing gene functions being
on the same signalling pathway; i.e. PTEN failsptovide additional genetic aberrant

pathway(s) for the cross-talk with Ras signallimgessary to form malignant tumours.

Thein vivo experiments commenced by crossing transgenic ssg@re of EICre regulator
with target cmv.stop.N-R&¥’, to generate bigenic EICre/N-Ras mice. Treatmeithh w
Ru486 initially apparently failed to exhibit an alsmal phenotype, despite confirmation of
N-Rad*® expression following hair plucking to initiate tHeair cycle and anagen
melanocytes proliferation, therefadPTEN™™ mutation was introduced. Unexpectedly,
a similar result was obtained following treatmefitEdCre/ASPTEN" ™ /N-Ra&*®* and
EICreASPTEN™™ in the test of whether PTEN functional loss prordofe-Rag®®*
tumourigenesis. However with time, at 12-15 mon{sgstemic) Ru486 treatment,
phenotypes of enlarged eyes and harderian glandoates were obtained in N-R4¥

expressing mice, whilst PTEN loss did not produtdittonal melanocytic phenotype.

This confirmation ofin vivo activity prompted a more careful analysis of tegammouse
skin that discovered the appearance of white haeated sites which gave a subtle grey

appearance to the coat colour compared to age ethtohtreated littermates or non-

18



transgenic controls. Subsequent analysis foundniedénocyte apoptosis was induced by
N-Rad*®! mediated by caspsase-3, and this may explairatiedf melanomas. This new
finding implied the existence of a cell defencetsys to protect mice from oncogenic
expression, as a general feature or to overconwfigpmutations that have the potential to
induce melanoma. Furthermore, the same apoptotioMpgt mediated by caspase-3 was
mounted against PTEN functional loss. This imphegotential surveillance mechanism to
compensate for PTEN function loss and also verifiedvo, the functional redundancy in
melanocytes between these two genes obseivedtro, as it may be that until the
appropriate anti-apoptotic pathway overcomes theatisel mechanism, PTEN loss

synergism with N-R&§%* is insufficient for melanoma tumourigenesis.

Due to the lack of melanoma, given the well chamaoed effects of the microenvironment
in melanoma development, this study assessed timsequoences of keratinocytes
disruption. This was achieved employing a kerayt@specific K14Cre regulator
transgenic line, expressed in proliferative basalsc hair follicles and stem cells. In
Ru486-treated tetragenic compound K14Cre/EICre/stop.N-Ra¥*YASPTEN™™ mice
pigmented papillomas were produced. This identifiedelanocyte survival loop generated
by microenvironment disruption that enabled anagesianocytes to escape apoptosis
during papillomagenesis. Furthermore, the mechanisnolved elevated Kit/SCF
expression in papillomas. The co-localisation of &md TRP-2 positive melanocytes in
papilloma basal layers revealed that a Kit/SCF géara survival loop resulted in
melanocyte survival. These results clearly dematexir melanocyte cooperation with its
immediate microenvironment consistent with the negment for proliferative keratinocyte
support of primary murine melanocyte cultures. kemnore, these pigmented papillomas,
may represent a model relevant to development ofamuseborrheic keratoses, which are
pigmented benign lesions similar to papilloma, aaiher nevi nor melanoma (4-6). These

murine data suggest that these lesions may arissrewpapilloma formation occurs
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alongside anagen and the Kit/SCF paracrine surndvap creates an environment in
papillomas sufficient to incorporate the survivablgroliferation of anagen melanocytes,

although the further studies are necessary to worifiis.

To date, most transgenic melanoma models employasi-Rith only recent development
of a relevant N-Ras model where constitutive, boit inducible, N-Ra$®! expression
throughout embryogenesis eventually gave a hypstiplenelanocyte phenotype which is
consistent with the report of N-Ras mutation comnioencongenital nevi but less in
acquired nevi (9-13). As with H-Ras models, it appehat the CDKNZ2A locus deficiency
is necessary for melanoma aetiology. In this stutjike CDKN2A, PTEN loss failed to
promote N-Ras melanoma tumourigenesis. This isilplgsdue to regulating the same
signalling pathways, creating a functional redungarand the same susceptibility to
apoptosis from newly identified potential compensasurveillance systems. These results
show the necessity of cross-talk between multigleegic pathways to achieve malignant
tumour formation and also the advantage of an imdligene-switch approach to identify
useful compensatory systems by allowing additidetd® of many different interesting
genes. Taking the insights from this study furthegically the introduction of p16/p19
deficient mice and/or other melanocyte/melanomeaelb@ment related genes (specifically
not on Ras signalling pathway, e.g. MC1R pathwaysuld provide an up-to-date,
superior mouse model able to mimic molecular aegipl of human melanoma to
investigate the functions and mechanisms of otkeeg such as MITF, B-Raf, MC1R etc

involved in the development of human melanoma.
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Chapter 1: Introduction
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1.1. Overview of melanoma and mouse models

Melanoma is a cancer that arises in pigment producielanocytes that differentiate from
neural crest progenitor cells during embryonic dgwaent and is most frequently found
on skin, eyes and mucosal surfaces. As with allce@ melanoma aetiology is a
multistage process (14). Thus it has been suggd#satanelanoma develops as a series of
lesions initially from a benign melanocytic nevigN(, through melanocytic dysplastic
nevus, to the radial growth phase of primary metlamdRGP-CMM) followed by the
vertical growth phase of primary melanoma (VGP-CMlsid finally to metastatic
melanoma (15-17). Although, while it remains ardaalvhether melanoma does indeed
develop directly from benign melanocytic nevus 218; it is clear that in human
melanoma the most clinically critical stage is giregression from the relatively benign
radial growth phase (RGP) to the vertical growthgeh(VGP) which is more likely to bear

deadly metastatic potential (21;22).

The frequency of malignant melanoma is increasihgwer the world with over 132,000
malignant melanoma cases reported globally eachayehwhilst melanoma is the lesser of
the common forms of skin cancer basal cell carcemofBCC) and squamous cell
carcinoma (SCC), it is by far the deadliest, gitleat it is the most likely to metastasize
and thus is responsible for 6 of every 7 deathsfskin cancer (23-25). Moreover,
melanoma is one of the fastest growing cancerhiénUSA with a steady 3% annual
increase in incidence since the 1970s (3) givereased sun exposure, and it is estimated
that each hour, one person in the United Statesfdien melanoma (26) and alarmingly,
there has been a 10 percent increase in new caseslanoma from 2004 to 2005 (25).
Similarly in the UK the incidence of melanoma isr@asing, with approximately 10 cases

per 100,000 populationgr annum both in men and in women. (27-29;29).

Although the exact aetiology of melanoma remaingear, melanoma is believed to be a
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multifactorial disease in which many different emvimental and genetic factors contribute
to the development of disease. Overexposure tawdiet radiation (UVR) is widely
accepted as the underlying cause for melanoma ajaweint by dysregulation of immune
system (30-34). There is accumulating evidencehtavsan association of melanoma with
UV radiation, specifically of the intensive episodixposure during the childhood and an
increased incidence of malignant melanoma develapnmetheir later life time (35-38).
Results from mouse model studies confirmed thahaed UV exposure is critical for
malignant melanoma induction. A single UV exposiareshort time (16 minutes) on 2-3
days old pups are able to indusesitu cutaneous malignant melanoma in pigmented
transgenic mice initiated by H-Ras activation, watpenetrance of 57% by 12 months (39).
Furthermore, a single dose of UV irradiation of &egyte growth factor/scatter factor
(HGF/SF) mice at age 3.5 days resulted in melana®ealopment in adults (40).
Therefore, experts suggested keeping children dway intensive UV exposure as an
effective practical way to prevent melanoma develept in later life. This effort may have
had an effect on the decreased melanoma mortaliég rthe onset of melanoma incidence
levelling out and beginning to decrease in youn@estralian cohorts as a result of
increased photo protection (41). Recent studiesvsihe trend of increasing melanoma
incidence has halted, as in Swedish children (4#@)ile the incidence of invasive
melanoma among people younger than 35 stabiliseck sihe Queensland Melanoma
Project was launched in early 1960’s. Although ¢heraybe an element of a birth cohort
effect as suggested for non-melanoma skin cangefGiles (43), the primary prevention
effort to decrease the overall melanoma incidenitietake at least another 20 years (44)
and a programme geared to early detection wasvedligo contribute to the increased
melanoma incidence (45;46). Nonetheless, that tidiq campaign of UV protection
contributed to the eventual decrease in melanortea was implied by the analysis of
melanoma cases on the Victorian Cancer Registrypddene, Australian in 1996 and

2000, which revealed a significant decrease insrafetumours < 1 mm thick in 2000;
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whereas little change (not significantly) in theeajandardized annual incidence per

100,000 people of in-situ or invasive melanoma weasrded (47).

To investigate the molecular mechanism(s) of disedsvelopmentn vivo, conditional
transgenic approaches, compared to the un-condititnansgenic technology, offers
tractable models to aid in stage related diseasel@@mnental verification and functional
analysis of disease susceptibility gene(s). Howea®reported in this study, generation of
a transgenic mouse model of inducible melanomaphagen more difficult than for other
diseases, due to the murine melanocyte physiolagg,in general the mouse has been a
relatively poor model until recently with the adverh conditional approaches that prevent
alternate disease(s) or lethality during oncogexgression or tumour suppressor gene

(TSG) ablation.
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1.2. Biology of the skin

1.2.1. General biology of skin

The external covering of an animal is skin whichasates the organs from the surrounding
environment to provide protection from harmful UNRd other harmful factors (including
biological, physical and chemical insults). It pEwes changes in the environment (e.qg.
temperature) and then communicates to the othemnsrgf the body to activate the

homeostatic systems that protect animals from enwiental extremes.

1.2.2. Structure of skin

The skin consists of three layers: epidermis, deramd subcutis. The external surface of
the skin is the impermeable epidermis which hasudtilayered, stratified structure. The
epidermis is composed predominantly (95%) of keaaytes that produce keratins which
constitute 30% of the protein in the basal cellgha stratified epithelium and >85% in
fully differentiated squamous. Epidermis expresses predottyinso pairs of keratin
polypeptides. Basal cells express K5 and K14, wasekl/K10 pair is only synthesized in
differentiating epidermal cells following basal Icalivision and entry into the first
suprabasal layer. The differentiation status ofaleocyte is controlled by extracellular
calcium concentrations which are varies with epig#riocation. Calcium concentration
increases gradually from proliferative keratinosyie the basal layer, through spinous and
granular layers to the terminal differentiated,nified layer of skin (48-50). Comprising
approximately 5% of interfollicular human epiderncalls (but not mouse, see below) are
the melanocytes, each surrounded by approximat@hs® keratinocytes to form the so
called ‘epidermal melanin unit’ that result fronetblose interaction between the epidermal
melanocytes which synthesize melanosomes and trainacytes which acquired the
melanosomes secondarily and served in their trahdpolocalise above the nucleus
(51;52). The epidermal melanin unit was proposed tles fundamental integrated

multicellular system for melanin pigmentation.
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The dermis, lies under the basement membrane atwhjsgated to the epidermis through
the dermal-epidermal junction to provide additiosapportive structures to the skin. The
dermis is composed mainly of a structural collageatrix, elastin and ground substance
although there are also epidermal appendages, mermgs, resident cells and vessels
embedded within the dermis. Below the densely paemal connective tissue is the
subcutis layer, composed of fat lobules separayefibbous trabeculae. This layer extends
from the lower dermis to the fibrous surface of ni@sbone or cartilage and again its

nature and composition varies between anatomites. si

1.2.3. Hair follicles and the Hair Cycle

Most areas of a mammal’s body are covered by asgilaceous structure with varying
dense population dependant on the localizationaofyb This pilosebaceous structure is
derived from the primitive epidermis and consistsacacentrally positioned hair follicle.
The hair follicle displays different histology dng the hair cycle which runs from the
proliferative anagen to the apoptotic catagen dredresting telogen phases. A typical
mature hair follicle can be divided into three drént parts (Fig 1): the lower portion (a
transient component which exists only in the anagehregresses in catagen phase of hair
cycle) extends from the base to the insertion efdfrector pili muscle; the part extending
from the insertion of erector to the sebaceous wuttte middle portion where melanocyte
stem cells reside in the bulge region (53); anduiyger portion extends from the duct to
the epidermal surface (54;55). In human skin, dalar melanocyte stem cells are thought
to migrate to “niches” lacking melanocytes (53) are potentially the source for both
melanocytes of the hair follicle and of the epidarmelanin unit. However in murine skin,
melanocytes are confined to the hair follicles éptca minor population in ears, tails and
foot pad) as they mainly provide pigmentation floe hair (56;57) and are mostly absent

from a resting follicle. Although the number of h#édllicle in an adult mammal seems to
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be fixed, following stimulation, telogen phase hflicles re-enter hair cycle and new
anagen follicle grows from the stem cells restimghie bulge region located within middle

portion, to give a new population of proliferatingglanocytes (56;57).

The *follicular-melanin unit’ resides in the proxainhair bulb of a typical hair follicle and
consists of hair matrix melanocytes and keratinegyand partly regulated by the dermal
papilla fibroblasts (58). Unlike the melanocyteshe epidermal melanin unit where every
single cell is surrounded by approximately 50-6@akaocytes, every melanocyte in the
follicular-melanin unit is accompanied by aboutefikeratinocytes in the hair bulb as a
whole with the ratio of almost 1:1 in the basaltleglial layer next to the dermal papilla
(59). In mice the follicular melanocytes are dedivefrom pre-melanocyte
melanoblasts/stem cells which migrate from the alewgrest and arrive at the foetal
epidermis and subsequently migrate to the devejpgollicle in neonates via SCF
signalling during hair follicle morphogenesis tddsaquently reside in the hair bulge/sub
bulge region (53;60)Typically, these pigment cell sub-populations diffem epidermal
melanocytes by being larger, more dendritic andpimducing larger melanosomes after

they have reached their respective distinct anat@mmpartments of hair bulb (61)

Hair bulb melanocytes are activated cyclically,hamelanogenesis being tightly coupled to
the hair growth cycle (62) (Fig 1). Hair grows thghout a finite period of hair shaft
formation (anagen), followed by a brief regresgbase that results in the apoptosis-driven
resorption of up to 70% of the hair follicle and ewhthe majority of melanocytes die off
following the hair bulb regression (catagen), agdabrelatively quiescent period (telogen)
when the transient portion of the hair follicle ajppears (reviewed in (58)). Although the
hair bulb melanocytes generate cyclically, the Haifb melanocyte system has been
perceived as self-perpetuating. Therefore, althdudir differentiated melanocytes in the

hair bulb undergo apoptosis during catagen andrem@ved from the regressing hair
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follicles (63), some less-differentiated melanosyappear to survive in catagen phase (64).

The “re-differentiating” melanocyte of early anag is likely to be a newly recruited
immature melanocyte derived from a melanocyte vesestem cell located in the bulge
region (Fig 1). Using a TRP2-lacZ transgenic momeele| Nishimuraet al revealed that
melanocyte stem cells are not only immature, bst alow cycling, self-maintaining and
are fully competent to regenerate progeny at eambgen, following hair cycle initiation.
These cells not only provide the source of re-diffidiating melanocytes in the hair bulb,
but also have the capacity to enter vacant nidhekjding via migration to, the epidermis
(53). Interesting, by investigating the effectshair cycle phase on BCC tumourigenesis
induced by radiation in mice lacking one Patchddlal(Ptclneo67/+), Mancuss al,
revealed that early anagen of hair cycle irradmatwas highly susceptible to tumour
induction (65). Moreover, tumour histology demoastd a qualitative difference in BCC
tumourigenesis, depending on hair growth phaskeatitne of exposure. An association of
tumour and follicular outer root sheath of anagdn was also revealed by examination of
anatomic and immunohistochemical relationships. s€heesults confirmed the role of
follicular bulge stem cells and their progenieshwitigh self-renewal capacity in the

formation of basal cell tumours (65).
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Figure 1: Typical structure of the hair follicledathe cycle of hair follicle development.

The lower portion of a typical follicle (the basethe insertion of the erector pili muscle) is

a transient portion in anagen that regresses iageat the middle portion where the

follicular melanocyte stem cells reside, the patween the insertion of erector and the

sebaceous duct; the upper portion extends frondubeto the epidermal surface (modified

from Nishimura et al, Nature 416: 854, 2002).
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1.2.4. Melanocytes and pigmentation

The hair, skin and its pigmentation protect theybfsxdm harmful UVR, electro-magnetic
radiation and other environmental insults suchtasigal, chemical and biological factors
(25;66-69). In this highly complex regulation, aidst by Bohm et al, demonstrated that
one important molecule was-MSH which regulates UVB induced apoptosis of human
melanocytea-MSH not only induces photoprotective melanin sgsth but also reduces

UVR induced DNA damage to protect skin from harntd radiation (66).

The pigmentation is produced by resident epidedeadritic cells, the melanocytes, which
are neural crest-derived cells and differentiatenfrmelanoblasts which actively migrate
during development to their final destinations uathg the eye (choroids), the mucosa
lining, the upper aerodigestive tract, the anotaeigion, the inner ear and the skin where
they terminally differentiate (70-73). The only pignt cells not arising from neural crest
precursors are those of the retinal pigment epithre(RPE), iris and ciliary body which

are derived from epithelial cells in the optic o). As revealed from studies of mostly
murine models, follicular pigmentation is under gbex genetic control involving more

than 150 alleles at over 90 loci (74;75).

1.2.5. Differences between melanocyte developmentmouse and human skin

In general, the structure and histology of mousd homan skins are quite similar.
Melanocyte developmental biology, however, is ohslyg different between these two
species. Unlike human, mouse inter-follicular melaytes decline from birth —fewer
melanocytes were present at day four in the epigemnd non-follicular epidermal
melanocytes could not be detected at day eightiéenkarth —and epidermal melanocytes
are localised to the follicles where they increafter the birth for about two weeks and
decline as the hair growth ceases on progress@n f&nagen to catagen (56;57). Thus,
most proliferative murine melanocytes are locatedhie follicles and protected from UV

radiation —hence studies revealed that UV treatmieitiates and promotes various
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tumours including SCC, BCC, papilloma and fibrosana but little melanoma (76).
Indeed, the adult mouse skin is almost devoid ofanteytes except during the anagen
phase of the hair cycle, which can be induced ¥alg environmental/experimental
stimulation (e.g. hair plucking) when melanocyteseafrom the melanocyte stem cells.
Because there are few interfollicular melanocytéenvthe skin is in the resting telogen
phase, it is very difficult to induce melanoma blyemical carcinogenesis and UVR
exposure in the mouse (57;57). Thus, in contragte¢mther tumour models, the mouse had
not been a good model for studying melanoma. This mow changed by employing
transgenic and gene knock out/in technolo@le8;23;77-82) that allow modelling various

pathway defects and couple to UV exposure.
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1.3. Introduction to melanoma

1.3.1. Incidence of melanoma

The number of melanoma cases worldwide is incrgagaster than any other cancers
(review in (83-85)). Between 2 and 3 million nonfam®ma skin cancers and
approximately 132,000 malignant melanomas occubailp each year. Alarmingly, it is
estimated that there are 4500 melanoma casesuttilto the estimated 10% decrease in
ozone levels world-wide (24). Although excellenéyention and early diagnosis education
programmes have levelled out the melanoma incidentd®e past years, Australia still has
the highest melanoma incidence with a lifetime mdkcurrently at 1 in 29 (86). In the
USA, the incidence has increased 2000% since tB8sl8nd stands at a lifetime risk of 1
in 62 in 2005 (24). In the UK melanoma incidenceréased from 1.7 to 8.0 for men and
3.1 to 9.7 for women respectively per 100,000 patoth from 1971 to 1997; and in
Scotland from 1979 to 1998, the age-standardizedience rose three fold for male and

two fold for females per 100,000 population (21;83)

1.3.2. Risk factors in general

The exact aetiology of melanoma currently remainknown, however, it is commonly

considered a multifactorial disease. Many differdattors including genetics and
behaviour are believed to predispose an individwalan increased lifetime risk of
melanoma development. Major host factors includanaily history of skin cancer, i.e.

susceptibility genes; the number and type of namg skin type/pigmentation have also
been identified to give an individual and/or condaincontribution. An association of
melanoma and exposure to UVR has been extensigptyted and UVR is now believed
to be the most causal environmental factor confinguto increased melanoma risk
(30;38;40;42;66;68;69;77-79;87-103). Those peopleh fair skin, blue eyes, light

coloured hair, many moles, freckles and who burtherathan tan, especially during

childhood or who genetically have a family histary skin cancer, have a significantly
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higher risk to develop melanoma in their life tit@n those people who have dark skin,
brown eye, fewer moles, non-family history of skamcer or are well protected from UVR

exposure (24).

1.3.3. UVR contribution to melanoma

UVR can cause both non-melanoma skin cancer aatidanhcer of malignant melanoma.
The extensive studies of an association of UVR methnoma revealed that UVR causes
melanoma through DNA damage, escape from cell gramtest leading to failed DNA
repair, resistance to apoptosis and re-entry ihto dell cycle resulting in deregulated
proliferation (23;106-109). Since VJ McGovern sugjgd an association between UVR
and melanoma back in 1952 ((104) reviewed in (28)g relationship of UVR and
melanoma has been extensively studied and theredMR is now believed to be the most
important environmental factor to the increasek osmelanoma although some cases (i.e.

vulva melanoma) are apparently not linked to theRUY05).

There are accumulating evidences to show an associaf UVR, specifically intensive

episodic exposure during childhood and an increaseidence of malignant melanoma
(35-38). Such an association has also been proyea bransgenic model employing
metallothionein-gene promoter to force HGF/SF aagoression in skin melanocytes and
keratinocytes. UV irradiation of mice at age 3.5/gJa6 weeks or both, showed that
melanoma development following UVR at both day &8 6 weeks was indistinguishable
from that seen in single dose irradiation at d&y; 8thereas single dose irradiation at 6
weeks resulted in no melanoma development (4&p Adcently, a single low dose of UV
exposure on mouse pups aged 2-3 days producednaxaligmelanoma with a penetrance of
57% within 12 month. Hackeat al, confirmed that neonatal UV exposure is critical f

malignant melanoma induction, whilst H-Ras aloras$genic mice failed to produce any

melanoma (39).
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The neonatal melanocyte is more susceptible to WRced transformation than adult
melanocyte, however the exact mechanism is undedsrmay derive from population of

immature and not fully differentiated melanoblastesih cells with proliferative potential,

still located in newborn skin epidermis (as in hamekin) unlike in adult the fully

differentiated melanocytes which are invariablyal®d in the papillary dermis in adult
dorsal skin where the cells are better protectéebrdfore, UVB exposure at the neonatal
stage (children in human), accelerated the devetopnand increased the risk of
melanoma. Thus, WHO suggested that protecting r@mléfom sun burn is a good sensible
and practical way to prevent melanoma developmetitair later life, especially those who
have a family history of melanoma and thus mayycareélanoma susceptibility gene(s) e.g.

CDKNZ2A ablation.

1.3.4. Individual risk factors

1.3.4.1. Family history

An association of family history and melanoma igieneral concept (88). There is no
significant histological difference between fanlileand sporadic melanomas. Possibly due
to the increased awareness of melanoma developamohg those family members,
however, familial melanomas have some common factgrich include development of
disease at an earlier age, with a relatively smallenour size and lower Clark’s level
compared to sporadic melanomas (11Bamilial melanoma patients also have bigger,
more numerous nevi on the body and are more litelydevelop multiple primary
melanomas, but they display a decreased risk oérotion-melanoma skin cancer

development (110;111).

Based on a study of approximately 3000 patientsuged000 control cohorts from many

countries, geographically located in wide rangatifudes, thus ignoring the association of
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melanoma risk and UVR, Ford al. revealed that first-degree relatives of individua
melanoma patients had a 2-fold increased risk coedp@ people without a family-history.
Such an increased risk was also independent ofnageher of nevi, hair and eye colour as
well freckles (112). Several other studies alsopsupthe idea that a family history of
melanoma stood as an independent high risk faottre development of melanoma (113-
115). For instance, Begg al examined melanoma incidence in the relatives @825
patients in relation to population incidence ratasd the authors concluded that the
relatives of melanoma patients were at a high&rtaslevelop melanoma, especially where

relatives had been diagnosed at a young age (116).

1.3.4.2. Number and type of nevi

The total number of melanocytic nevi on the bodthex congenital or acquired, has been
demonstrated to have a strong association witmeotas melanoma development whether
self counted (117) or by examiners. Moreover, 8sisociation is not affected by the type of
nevi (118-126). The evidence to support the refstigp of nevi and melanoma is still
accumulating. After a comprehensive literature deavwattet al conducted a systematic
analysis of existing data and analyzed results fesght studies containing a total of 432
large congenital melanocytic nevi patients, theultssconfirmed that large congenital
melanocytic nevi and total nevi numbers were assediwith increased risk of melanoma
development (127). Data obtained from 295 familiaselected by family history and 53
melanoma-prone families revealed that number of méwenced melanoma incidence in
both families (128). More recent studies involvirggious numbers of patients and control
cohorts are supportive for considering the numbarewvi on the body as an independent
melanoma developmental risk regardless of the ¢ypeevi being either benign or atypical
(113;129-132). In addition to Caucasian populationghe Japanese, the number of nevi
was also identified as a high risk factor for nanahd melanoma development but not for

acral melanoma (133). In a study, a multivariatedeho carried out by Nijsteret al
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revealed that people with three or more atypical mere at a more than 10-fold increased
risk of developing malignant melanoma comparedhtus¢ without atypical nevi (134).
Richtig et al, found 35.3% of ocular melanoma patients had ntioae 5 dysplastic nevi
compared to only 1.2% in the control cohorts whsclggested that more dysplastic nevi
could be among the high risk factors for ocular anelma development as well as
cutaneous melanoma (135). Thus the total numbeewf(regardless of type) and number

of dysplastic nevi can both be considered as inadg® melanoma high risk factors.

1.3.4.3. Other host factors

In addition to a family history of skin cancer atite number/shape of nevi, other host
factors including fair skin, the colour of eye dmair, freckles, age and sex have also been
studied as individual risk factors for melanomaealepment. In general, white populations
exhibited over a wide range average higher risknietanoma development and females
commonly have a higher incidence than males while-white populations displayed a
much lower incidence of melanoma development (B),1Bed hair conferred a two fold
increased risk, which was not affected by adjustni@nfreckling, the number of nevi or
skin colour. Light skin colour, light eyes and ex®e freckling also showed an
association with increased risk of melanoma devekqg (130;137). Chet al revealed
that older age or light hair colour was each asdedi with significantly elevated risk of
melanoma (113) and studies from Nijsten and Stretisé confirmed age is also among

those high risk factors of melanoma developmend (138).
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1.3.5. Summary of incidence factors

The actual aetiology of melanoma development vaiesng different cases and individual
studies initiated by different consortia that taoko account many risk factors, revealed
that a conglomerate of individual factors were asged with melanoma risk. Among all
factors, UVR is the most intensively studied andasv believed to be the most important
environmental aetiologic factor. The strongest emn® for this conclusion comes from the
broken increasing trend of melanoma incidence itd@n in Sweden and the stabilized
incidence of invasive melanoma among those peoplsger than 35 years, who were
born when the Queensland Melanoma Project was hegha early 1960’s. Each host
factor, including susceptibility genes, family loist of melanoma, total number of nevi
and/or dysplastic nevi, type of skin, eye and l@mplexion, age and sex, could be
identified as an independent contributor to thénhigidence of melanoma development, if
it was isolated from the other ones for statistialgsis. As an independent melanoma high
risk factor, however, any of such host factors ddab-operate’ with environmental UVR
due to the common behaviour within the same fa@ig therefore, the study of defining

the exact mechanism underlying aetiology of melamavritl be a really complex project.
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1.4. Genes and Melanoma

1.4.1. Melanoma genes in general

Whatever factors cause tumour development, thenhaall is the acquisition of multiple
genetic defects involving the inactivation of tumauppressor genes and/or activation of
proto-oncogenes. In cutaneous melanoma, non-raraetions and rearrangement are
seen in several regions of chromosomes includingg@p7q, 9p, 10q, 11q, 12q, 17q, 18q
and 209 (14;139-144). As mutation or loss of chreomee regions 1p36, 9p21 and 12gq14
occurred at high frequency in cancer prone famikesne tumour suppressor genes which
were located within these deleted regions becamecaded with melanoma have been
subsequently identified as familial melanoma susb#ipy genes (139;145-147). The most
intensively studied TSGs involved in melanoma idelp53, PTEN, CDKN2A (including
p16™“? and p197F), Kit/SCF, the oncogenes B-Raf, Ras, MITF, as \Eetladherin which
acts as an anti-invasion gene and switches to INeradexpression to facilitate invasion
through the dermal matrix. In addition to familianelanoma TSGs, melanoma
susceptibility genes such as MC1R, GST and mangrsilhnave been reported to modify
and influence melanoma development. However theeoutdr mechanism of melanoma
development is still poorly understood, althougisibeing intensively studied employing

many different models.

1.4.2. Ras genes

1.4.2.1. Ras Family

It was more than four decades ago that the firg Ramber was discovered from the
observations of viruses causing tumour formation miice (148). The viral genes
responsible were called ras fort mrcoma, and subsequently turned out to be mutated
versions of mammalian genes that encode enzymasminsic GTPase activity involved

in trans-membrane signalling as molecular turrsstiféollowing the discovery of H-Ras,

later K-Ras (149) and N-Ras were discovered bysteamtion of human tumour DNA into
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NIH 3T3 cells (150). These thus form the classic Ramily group of the small GTPase
superfamily and express closely related p21 Raseim® with similar transmembrane

signalling functions.

Ras is a small GTPase, a hame to distinguish fleniairge heterotrimeric GTPases, which
functions as a molecular switch determined by timelibg status of GDP-Ras (guanine
diphosphate, inactive form) or GTP-Ras (guaninghtisphate, active form). GDP-bound
Ras proteins are activated by GEFs, a large snalbtudiverse class of proteins family
termed for_Ganine-nucleotide Xthange Bctors, which catalyze the release of GDP and
then the displaced GDP is rapidly replaced by natmendant GTP to form the active GTP-
Ras form (151). Various GTPase activating prot¢®APs) also bind to Ras proteins in
their GTP-bound state. GAPs act as negative reggldty greatly enhancing the low
intrinsic GTPase activity of the Ras proteins tigiotydrolysis of GTP to GDP to cause an

allosteric change of the Ras to the inactive state

By cycling between GTP- and GDP-bound states, Rateips switch their binding to
effectors on and off. Well-recognized downstreanfeadrs of Ras proteins are the
mitogen-activated protein kinase (MAPK) signallisgstem including Raf kinase and
phosphatidylinositol 3-kinase (PI3K), which is agag@ve regulatory target of the PTEN
TSG (152). Ras-dependent Raf activation promotdilae proliferation while the
activation of PI3K sustains cell survival. The ftinns of these GTPases are not limited to
their roles in cell growth, proliferation and cslirvival, Ras expression is also involved in
cell migration and adhesion by causing marked chsng integrin profiles (153). A
surprising recent development of Ras gene studybleas thediscovery that germline
mutationscan occur in genes encoding Ras proteimd other components (e.g. B-Raf and
MEK) in these signallingpathways, resulting in developmentiéfects such as Costello

syndrome, Noonan syndrome (Fig 2) (154;155) althoiigs not expected that continual
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expression of fullyactivated Ras is not sufficient for complete casgenesisunderlining
the fact that many other moleculsteps are needed for progressioriimour formation

(152).

@ Associated with Cancers

Figure 2: Mutations of Ras Signalling pathway aseogiated with human diseases other
than tumourigenesis (modified from Downward J, Bcee 314 (5798): 433-434, 2006).
Germline mutationgan be occurred in genes encoding Ras prosdsother components
(e.g. B-Raf, PTEN as well GEFs and GAPs) in thagaa#ling pathways, resulting in
developmental defects such as Costello syndrome, Noonan syndro@epillary
malformation rather than tumour although it is mojpected that cells are tolerant of

continual expression of fullgictivated Ras.
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1.4.2.2 N-Ras

Human N-Ras was the third discovered member of Rias family being initially
recognized in 1982 by DNA transfection of NIH 3Tdls (150) and almost simultaneously
isolated from a human fibrosarcoma cell line HT1@886), a neuroblastoma line SK-N-
SH (157) hence N-Ras, and the promyelocytic leukaelime HL60 (158). Cross-
hybridization to the other cloned Ras genes (H- lkkdmplied it to be a member of the
Ras gene family and studies with somatic cell lofgbtocated it to chromosome 1p32
(156;159). A complete biological functional transfing or activated N-Ras together with
its normal N-Ras proto-oncogene were isolated fnoiman fibrosarcoma cell line HT1080

and normal human fetal liver tissue respectiveg0j1

Sequencing analysis concluded that N-Ras encodE89aamino acid sequence with a
predicted size of 21-KDa protein and homology toctional human H- and K-Ras genes.
Comparing the coding sequence of the three genissigvealed that N-Ras differs by only
15% of amino acids and 27% of nucleotides (witlia toding sequence) from H-Ras,
(16% and 24% for K-Ras respectively), but theséeddhces are not evenly distributed
throughout the whole coding sequence. The firstéwans have an almost identical amino
acid sequence, differing by only 4 amino acidsafli7 whilst the third exon shows a little
more divergence of 9/53 between N- and H-Ras. Tost striking divergence between N-
Ras and the other two Ras proteins are within thexbn (49 amino acids) with a 15
amino acids difference from H-Ras, whereas 22 positare different from K-Ras. This
major variable region is located near the C termijust upstream from a conserved
cysteine residue that is required for post-trarsial processing, membrane localization
and transforming activity of the proteins. C terasrof the p21 Ras protein within exon 4
Is necessary and sufficient to anchor the proteithe plasma membrane and the binding
of lipid through Cys-186 is required for the migoat of the protein from its synthesis in

the cytosol to the plasma membrane (161). It islyiktherefore, that the fourth exon-
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encoded domain of the p21 protein product of Rasegemay play a vital role in

determining the different functions of three Rasegproducts (162).

As indicated above, the location of the intronshiitthe coding sequence is identical for
all three Ras genes. The sequence and length bfieaon, however, are significantly
different, hence the size of the whole genes assirdilar. Thus, the K-Ras gene spans
more than 35-kb, whereas N- and H-Ras genes sparoxamately only 7- and 3-kb
respectively. Furthermore, the structural diffen€ the Ras mMRNAs is also considerable,
in contrast to the 1.2-kb H-Ras transcript (163)R#&s produces a much larger 5.5-kb
transcript which produces two subtypes of K-Ras a#l 4B by alternative coding of
fourth exons (164;165), whereas N-Ras produces ttetoscripts of 2.2- and 5.2-kb in
length (156;158;160). There is no publication yetshow whether these two different
transcripts of N-Ras produce different functionabtype proteins as K-Ras does by

alternative reading frame.

1.4.2.3. Ras mutation in human cancer

Activating Ras gene mutations are estimated toroicc25-30% of human tumours. N-Ras

mutations are common in leukaemia (166) and melanamhereas K-Ras mutations are
almost ubiquitous in pancreatic tumour and alsdeqabommon in lung and colorectal

cancers, whilst H-Ras mutations are found mainlyladder and kidney cancers (166-168).
In many tumours where Ras gene mutations are gbfismtRas proteins are often

overexpressed (169;170). Dysregulation of the Rdwaiion state also contributes to

human cancers, for instance many growth factor ptece and Ras GEFs possess
transforming properties, whereas both neurofibroMifii-a Ras GAP or Ras association
family member 1A (RASSF1A), a putative Ras inhihitact as tumour suppressor genes
(171;172). Often as a counter to oncogenic Rasesspn in both primary rodent and

human cells, a permanent G1 arrest is accomparietdumulation of p53, pf6“*? and

1°"1(173). Activating Ras mutations are commonly fom@odon 12, 13 or 61, which
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render the encoded GTPase protein constitutivelivea@nd thus subsequently growth
stimulatory (167). The Ras family of small GTPasget@ins functions as a relay switch
downstream of cell surface tyrosine kinase recepaod upstream in the Ras-Raf-MAPK-
Erk signalling pathway respectively, which transeligarious growth signals from the cell

surface to the nucleus (168) (Fig 2).

The K-Ras mutation studies found that the majaritynutations were at codons 12, 13 and
61(174-176). These mutations are somatic rather geam-line and consist of single base-
pair substitution which leads to the single amiom &hange. While the wild-type K-Ras
gene encodes for glycine at codon 12, the most aomamino acid substitution was found
to be aspartic acid most for glycine (46%), follamey valine (32%), arginine (13%),
cysteine (5%), serine (1-2%) and alanine (<1%).hSoutations result in constitutive

activation with Ras state in the GTP-bound andmalliferation (174;175).

In human, primarily observed Ras mutations aredd-&ene rather than K-Ras or N-Ras in
the cancers of urinary tract and bladder (166). Tdss of abnormal H-Ras allele and
amplification of mutant H-Ras were also found img@gsive breast cancer (180). One tenth
of GTPase activating proteinase activity of thedwype H-Ras revealed the role of cell

proliferative promotion by H-Ras mutation (179).

H-Ras can be activated by truncation of a 5' umgpdxon (exon-1) in absence of mutation
(181) leading to over expression of the normall@llthus the specific point mutations of
H-Ras codons may not be necessary for transformaklowever, in various chemicals
(dimethylbenzanthracene-DMBA, dibenz[c,h]acridinB{Dh]ACR or benzo[a]pyrene -
B[a]BP) induced mouse skin cancer models eitherctyplete or initiation-promotion
protocols as well in hepatoma model (4-aminobiphe@¢ABP) induced tumours have a

specific A----T transversion at the second nucttf codon 61, the hottest mutation code
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for the other two Ras alleles (K-, and N-) in huntamcers, of the H-Ras gene(182-185).
The G12V and Q61L versions of H-Ras were initiallgcovered as the consequences of
oncogenic mutations in H-Ras genes and later showesult in a constitutively active
form of H-Ras (165;177). G12E mutation of H-Ras wasealed by analysis of nine
mammary carcinomas induced by a single injectionitvbso-methylurea into 50-day-old
Buf/N female rats, contained a transforming H-Ragehe (178). And in human, analysis
of primary SCC and BCC occurring on sun-exposed/sitegts for mutations in codons 12,
13, and 61 of H-Ras revealed that there were 46% 36d 31% BCC harbouring a
specific mutation at the second position of H-Radon 12 (GGC----GTC), predicting a
glycine-to-valine amino acid substitution (186)cBwan unusual high incidence for H-Ras,
possibly reflected the Caucasian population employe this Texas-based study, is in
conflict with the previous study (187) and a latséudy carried out by Campbell et al in
which the authors are capable to detect 4-8% oftdbed alleles of Ras mutation, while

there is no mutation at all in all screened BCC 8@ samples (188).

N-Ras mutations are primarily detected in Leukae(ii6), but also detected in many
other diseases including melanoma (see below),nmelanoma skin cancer, brain cancer,
stomach cancer, myelodysplastic syndrome, thyraiaicer, embryonic lung cancer and
rhabdomyosarcomas (187;189-195). In malignant noater) various reports cite a high
mutation rate of N-Ras which remained the hottestated and most studied gene (9;196-
201) until the discovery of the B-Raf V600OE mutati@00). In melanomas, as with N-Ras
activation in the human fibrosarcoma cell line HEQQ160), sequence comparison with
normal alleles showed only one base pair differexta@don 61(202). Both functional and
genetic evidence indicate that B-Raf and N-Rasliaetarly in the signalling pathway,
which is confirmed by almost mutual exclusivene$smutations in these genes and
consequent Erk activation (200;202-204).

1.4.2.4. N-Ras mutation in melanoma
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In melanoma it is the N- allele of Ras family aatied typically via mutation at codon 61.
Initial reportsof association of N-Ras and melanoma suggestedtatiomn frequency of
approximately 5-10%205;206) but later studies have shown that thgugacy was higher
than previously thought. Badit al showed up to 69% N-Ras mutations at codon 61 in
malignant melanoma (207), whereas the other ddtlectautation rates are various from 13
to 46% employing different type and number of asatl samples (9;196-201;208).
Comparing sequences of both the active and inaatletes at the very first time of N-Ras
gene isolation, the only difference detected betwtes alleles was a C to A transversion
at codon 61 which results in an amino acid alterabf glutamine (CAA) in the normal
gene to lysine (AAA) in the transforming allele (36 This result indicated that N-Ras
mutations of codon 61 could be the major targetaiostitutively activate N-Ras protein in
tumours. The subsequent studies confirmed thatrc@doCAA(GIn, Q) AAA(Lys, K)
and CGA(Arg, R) mutations have such a high frequedetected in many N-Ras mutated
melanomas, it suggests a hypermutability phenotgselting in a potential hereditary

predisposition to melanoma development in certatrepts (9;197;201;209-211).

In general, point mutations in N-Ras at codon &ldetected in 20-30% of all melanoma
cases with slightly higher incidence in metastttan in primary melanomas. However, up
to 95% familial melanoma cases which harbour an4alikhutation have detectable N-Ras
codon 61 mutation (212-214), indicating that N—Rastation (codon 61) in melanoma
coupled well with INK4a mutation and thus, tumouppressor gene CDNK2A (p1%6*2
and p197F, see below) deficient background mouse was emglayereate the recent first
successful N-Ras transgenic melanoma mouse moiig). (Previous models (below) had
been limited to activating H-Ras expressing tranggmouse models, which although rare
in humans, such mutations could induce melanombwolg chemical initiation or
neonatal exposure of UV (39;216) or on a CDKN2Aideht background (217-219).

Analysis of N-Ras mutation at codons 12, 13 andf®in both dysplastic nevi and
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congenital nevi, found no mutation detected in §8pthstic nevi, but 28% congenital nevi
(12/43) contained N-Ras mutation (9). A similar ¥99(11) and a very high N-Ras
mutation rate (82%) (220) were detected in congémievi by more recent studies, but
again a low incidence (5.9%) (12) was revealedommon benign neviN-Ras mutations
are thought to occur early in primary melanomalerathan in the metastatic stage and that
once the mutations have occurred, they persistigimaut tumour progression (202), which
unlike another highly mutated gene B-Raf that matafrequency is significantly less in

primary melanoma cases than reported in both melnaetastatic melanoma (213).

1.4.2.5. Transgenic mouse models of Ras and meknom

Although the majority of Ras mutations in either lam®ma cell lines or melanoma
specimens are N-Ras, the first melanoma transgeoidel of Ras-mediated melanoma
utilized a H-Ras not N-Ras transgene (216). In thiglel, the 1.3-Kb tyrosinase promoter
was employed to target the mutated human T24 H{R&8G) oncogene expression in
pigment-producing cells of transgenic mice. Thererevonly two survived transgene
carrying founders which had altered coat colougpte pigmented skin with multiple nevi
but no melanoma. Histopathological analysis of tissues revealed hyperpigmentation
and/or melanocytic hyperplasia in the skin, eyed ianer ear. Although the activated H-
Ras transgenic mouse itself failed to produce noster) cutaneous melanoma could be
induced following treatment of UV exposure or DMBwhilst TPA treatment induced a
small number of papillomas but no nevi or melanan@all lines generated from those
induced melanomas showed chromosomal abnormatifié®mozygous or partial allelic
deletions in the region of chromosome 4 where tiKKE2A gene resides to express
p16™k* and p19~F (221:222). Subsequently, a transgenic mouse mufdspontaneous
cutaneous melanomas was successfully generatedpogssing activated H-Ras (V12G)
on an INK4a-deficient background (217). Furtherusyng Tet on/off switch system, the

first conditional mouse melanoma model was sucudgsfienerated and the results
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revealed that the melanoma genesis and maintenaece strictly dependent upon
expression of H-Ras V12G, but again this model waia® required to be produced on
INK4a deficient background (223), hence the attamiptthis study to investigate if a
similar but separate requirement for another TSNP, loss existed. To investigate the
molecular targets of UV's mutagenic actions, a natea model driven by active H-Ras
and loss of pI¥ function was generated. In this model, UV accédsranelanoma

formation and moreover, all UV exposure induced ameima harbouring p16 loss and
CDK®6 amplification which identify components of tiRb pathway as critical biological

targets of UV-induced mutagenesis in the developrmemurine melanoman vivo (224).

All mouse melanoma models described above involaetivated H-Ras. In human
cutaneous melanoma, however, a predominantly aetvRas gene is not the H- but N-
allele (specifically Q61K), and only very recentigs an N-Ras mouse model more closely
mimicking the human disease been successfully gemtluThis transgenic mouse model
was generated by targeting expression of actiiaegan N-Ras (Q61K) to the melanocyte
lineage through embryonic development by a similapsinase regulatory sequence
employed in Chin’ model and again, to engenderajygropriate phenotypes (see section
4), this was performed in a CDKN2A deficient baakgnd. Additional investigations
revealed that fibroblast growth factor 2 (FGF2) was essential for melanoma progression
and metastasis in such a CDKN2A deficient N-Rasuted mouse model (215;225).
Hence, given that PTEN is the second most frequentitated TSG in melanoma after
pl6/p19 (see below), with intimate links to p53ppto these Ras models, this project had
commenced to analyse the effects of inducible PT&SY for similar responses to that of
p16/pl9 knockout. But as outlined below, this stddynd an apparent redundancy of
PTEN functional loss with N-Ras expression anditigieiction of an apoptotic mechanism
which is sensitive to a pathway of early N-Raswation as well as to PTEN functional

loss that compensates to its normal PTEN function.
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1.4.3. PTEN

1.4.3.1. Biology of gene

The second most commonly deleted TSG in melanor@é)(PTEN (Posphatase and
Tersin homolog deleted on chromosome Tes named based on function, sequence and
location on chromosome. Mapping of homozygous aelseton chromosome 10923 led to
the virtually simultaneously isolation and iderd#tion of PTEN gene in 1997 from two
groups giving the additional name of MMAC1 foutation in_nultiple advanced ancers
(227;228), while a third group identified the sagene a few months later in a search for
new dual-specificity and epithelial cell-enrichdubpphatase and named it TEP-1 f{&FF

beta-regulated ang#helial cell-enriched Iposphatase (229).

The PTEN gene is approximately 50-kb in size combgi 8 introns and 9 exons to encode
a 403 amino acid protein. PTEN was initially idéetl as a TSG because PTEN loss in the
vast majority (>90%) of human glioblastoma. Thes#ial studies also indicated that
10g23.3 abnormalities were commonlutated in_nultiple advanced_ancers, hence the
appellation MMACL1 (above). There is seen 99.75% dlogy of the amino acid between
human and mouse suggesting it represents a higiniyecved gene whose regulation and

activities play important roles in cellular proces$227-229).

Structure analysis of PTEN gene has identified twajor domains: N-terminal
phosphatase domain from the first amino acid tca&8mnd C-terminal domain from amino
acid 186 to 403 (230-232). The N-terminal phosp®tdomain, where PTEN mutations
mainly occur, is composed ¢#sheets surrounded hy-helices giving a structure that
resembles previously characterized protein tyroginesphatases and an enlarged active
site that can account for its ability to bind phostdylinositol 3,4,5-triphosphate (PIP3a

major substrate of PTEN.
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The C-terminal domain was further divided into threub-domains including a lipid-
binding C2 domain, PEST domain and a PDZ domaire TR domain including amino
acids 186 to 351 appears to bind PTEN to the plasmabrane, and it might orient the
catalytic domain appropriately for interactions twiPIP3 and other potential substrates.
The PEST domain includes amino acids 350 to 37533%dto 396, which are critical for
PTEN stability. Mutagenesis studies demonstrateghasphorylation of certain serine and
threonine residues S380, T382 and T383 within tlosnain can modulate both the
enzymatic activity and the stability of PTEN. Prot&inase CK2 is known to be a key
enzyme that regulates the phosphorylation of thier@inal cluster of serine and threonine
residues, which modulates PTEN stability and psiese-mediated degradation. At the
end of the C-terminus is a PDZ domain which is ingoat in protein-protein interactions
thought to play roles in altering the balance ofERTeffects on potential downstream
signalling targets (e.g. Akt/PKB-Protein Kinase B), versus some other system, sach a

Rac signalling. The C-terminal domain is composédtiparallel 3-sheets which are

linked together by shon-helices.

1.4.3.2. PTEN gene functions

PTEN is now known to play major roles not only inppressing cancers including
melanoma (below), but also in embryonic developmertl migration and apoptosis.
PTEN is a dual-specificity phosphatase which dephosylates protein substrates as well
as lipid substrates. Thus one primary function ©ER is to act as a lipid phosphatase in
the regulation of crucial signal transduction padlisy (233). Myerset al revealed that

enzymatic activity of PTEN is necessary for itsligbto function as a tumour suppressor
because mutations in PTEN resulted in the ablatbbnphosphatase activity (234).
However, biological primarily relevant targets oTEEN were not phosphoproteins but
rather inositol phospholipids (233), which was @néd using several independent

patient-derived PTEN mutants which retained profeiosphatase activity but lost the
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ability to dephosphorylate Ptdins (235;236). Thediing that PTEN dephosphorylate
Ptdins phosphates leads to a model for how PTESI ata tumour suppressor that links
PTEN to PI3K control (237) and regulation of AKTtiaty (238) —a critical pathway
which controls the balance between survival andptgsis through many different
downstream genes during tumourigenesis (Fig 3)uidating evidence has proved that
PTEN, as a tumour suppressor, regulates cell salrvignalling through the PI3-
kinase/Akt pathway. PTEN opposes the action of kiase by dephosphorylating the
signal lipid PIP3, a second messenger essentigh&translocation of Akt to the plasma
membrane where it is phosphorylated and activayephlosphoinositide dependent kinase
(PDK) 1 and PDK2. PI3K activated Ras stimulatesesg@vdownstream targets including
the serine/threonine protein kinase Akt, an imgrar{protein involved in many different

pathways to affect a variety of important cell ftions (233;236;239-243).

Recently, using transfected MCF-7 Tet-Off breastcea cell lines, two different nuclear
localization sequence mutant PTEN genes were cadpaith those cells transfected with
wild-type PTEN. Chunget al concluded that cytoplasmic and nuclear PTENyY pla
different roles, that nuclear PTEN is required dell cycle arrest consistent with binding
to p53 (244) whereas cytoplasmic PTEN is required dpoptosis and moreover, they
down- or up-regulate different proteins respectivelheir observations suggested that
nuclear-cytoplasmic portioning regulates the cgltle and apoptosis differentially, and
nuclear import of PTEN play an essential role dyitime carcinogenesis (245). Indeed, the
recently published carcinogenesis study demomstrdtat PTEN loss promotes H-Ras
mediated papillomagenesis via dual up-regulation AT activity and cell cycle
deregulation, but malignant conversion proceed®sutjin PTEN-associated pathways
requiring TPA promotion (246). This later resulifgeconsistent with our findings in this

study where N-Ras cooperation with PTEN resulteohity papillomas (section 3.9).
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Germ-line mutations of PTEN causes Cowden syndrena® increased risk for
development of tumours in a variety of tissues, Badnayan-Riley-Ruvalcaba syndrome
(227,;228;231;234;247). Unlike relative high genéatbn often detected in melanoma cell
lines (248), tissue samples underline that mutat@PTEN are not an essential event in
the onset of malignant melanoma of the skin, builccchave an impact on tumour
progression (249). Although point mutation of PTE&h be less common in some short-
term cell lines (STC, 7%) and melanoma specimenr$l1@h), over 30% (up to 58%)
samples revealed loss of PTEN heterozygosity (L@8%);101;147;248-258). Altered
PTEN expression is common in primary melanoma andssociated with aggressive
melanoma behaviour (259). Indeed, PTEN inhibited tbmourigenicity of B16F10
melanoma cells in soft agar assay and its antistata function was also revealed by
experimental pulmonary metastatic animal model. Bmpg this model, the authors
revealed that PTEN tumour suppressor protein itdhibimourigenicity and metastasis
through regulation of MMP, IGFs and VEGF express@60). Also, PTEN deficiency was
necessary for TGF-beta type | receptor induced sineabehaviour of SV40 large T
immortalised melanocytes (261). PTEN is the seamodt abnormal TSG in melanoma
after CDKN2A (250;252) but yet its involvement irelanoma has not been relatively well
studied in the few models to date nor its functionke(s) well detailed. PTEN co-operates
with p16 and H-Ras in melanoma bathvivo andin vitro experiments implicated that
PTEN involved in mouse melanoma development (282us in addition to existing
transgenic mouse melanoma models (e.g. p16, Rastaeds), the creation of a PTEN-
melanoma mouse model is useful for complementdeyactive studies. Furthermore, it
may imply new insights on disease progression aeldmocyte development, for instance
in an attempt to generate a PTEN null mouse madeale die at the embryonic stage
demonstrated that PTEN is also essential for emmicydevelopment (243), and PTEN
deficiency from E12.5 revealed that neurologicdedes cause premature lethality in these

mice and PTEN deficiency increases susceptibibityarcinogen-induced melanoma (263).
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Figure 3: PTEN roles in cell signalling pathways ogdified from B. Stileset al.
Developmental Biology 273: 175-184, 2004). As aidlipphosphatase, PTEN
dephosphorylates PIP3 to inhibit the growth factaynals transduced through PI3K,
normal cellular physiology. PTEN deficiency thuads to accumulation of PIP3 that trans-
activates several signalling molecules includingkBPS6 kinase, mTOR and AKT. This is
a well characterised molecular mechanism that he&dpgontrol the balance between
apoptosis and cell survival through downstream gpoptotic factors such as BAD,
caspase 3/9 etc. PTEN also inhibits PI3K signaltmdrans-activate p53 and to result in
cell growth suppression which is mediated by itditglto block cell cycle progression in
the G1 phase through down-regulation of cyclins apdaegulation of the CDK inhibitors

p21 and p27 expression.
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1.4.3.3. PTEN and melanoma

In the initial analysis, commonly mutated in gliablomas, PTEN mutations were not
detectable in the few melanoma samples (only 4)ysed (227;228) which may reflect
that PTEN mutation is less common in primary mehaothan in cell lines (264).
However, other studies in melanoma cell lines amohgry or metastatic melanomas soon
demonstrated that disruption of PTEN by allelicslasr mutation contributed to the
pathogenesis of malignant melanoma (147;248;2572858. Furthermore, as found for B-
Raf genes (266-269), to date no PTEN abnormalisydeen observed in uveal melanoma

unlike in cutaneous melanoma(270).

Considering that gross genetic lesions of chrom@sd® occur in 30-50% of sporadic
human melanomas, Robertseiral developed amn vitro loss of heterozygosity approach
in which a wild-type chromosome 10 was transferméd melanoma cells and selected for
breakage as well for regional deletion. The oved&afhese events at band 10923, the site
of PTEN location, provided direct evidence that RTE a potential target in malignant
melanoma and furthermore, vectors containing gdigth PTEN or mutant PTEN were
transfected into both PTEN expressing normal amwbabal melanoma cell lines revealed
that transfected normal PTEN expression caused atrameduction of cell growth in
PTEN expressing abnormal parental cells but neithn&TEN expressing normal parental
cells nor in those mutant PTEN transfected celi6)2Further studies supported a role for
PTEN loss in the pathogenesis of melanoma findireg twhile PTEN expression was
observed in benign melanocytic lesions, it was losta large proportion of primary

cutaneous melanomas (255).

The synergism of PTEN loss with other genes dunmganoma development was also
investigated. PTEN functions as a lipid and profghosphatase that down-regulates Akt

and MAPK signalling, potentially suggesting thatsRand PTEN have antagonistic
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functions in both protein and lipid kinase sigradlipathways (reviewed in (271)). A useful
model for elucidating the role of omega-6/omegaiByfacid ratio in tumourigenesis, a fat-
1 mice line was recently engineered which can cdanw® to n-3 fatty acids and have a
balanced ratio of n-6 to n-3 fatty acids in thegsties and organs independent of diet.
Implanting mouse melanoma B16 cells into fat-1 sggamic, PTEN gene was significantly
up-regulated in the fat-1 mice to inhibit tumouowth and formation (272). 60% and 56%
mutation of B-Raf in cell lines and metastatic melaa respectively together with 80%
and 100% PTEN alteration demonstrated a possilwpearation between B-Raf activation
and PTEN loss in melanoma development (254). PSB3RAFrEN mutations were always
accompanied with B-Raf alterations, while PTEN legas found in association with
CDKN2A or P53 mutations in the absence of B-Raivatibn (87). In examining the
biological consequences of Pten and/or Ink4a/Aficéancy in cells and mice, Yost al
found that relative to single mutant controls, lak¥f-/-PTEN+/- mouse embryonic
fibroblast cultures exhibited faster rates of gtown reduced serum, grew to higher
saturation densities, produced more colonies umwm dlensity seeding, and showed
increased susceptibility to transformation by ommsuog H-Ras. Ink4a/Arf deficiency
reduced tumour-free survival and shortened thexégtef neoplasia associated with PTEN
heterozygosity. Compound mutant mice also exhibéedexpanded spectrum of tumour
types including melanoma and squamous cell carandrherefore, the authors concluded
that the co-operation of PTEN with p16 and H-Rasglanoma botln vivo andin vitro

experiments implicated the involvement of PTEN iouse melanoma development (262).

55



1.4.4. Kit/SCF

Kit and its ligand SCF (stem cell factor, also edlbs Kitl for ligand of Kit, SL or SLF for

steel factor and MGF for mast cell growth factoBrevidentified as gene products of the W
mutant mouse and S| mutant mouse loci. Both of thesrknown to play important roles in

melanoblast/melanocyte survival, migration andedéhtiation during embryogenesis, and
may also help to define the melanocyte stem cehen(53). Loss or significant reduction
of expression/function of Kit in malignant melanomadicated that this signalling system
plays an essential role during melanoma developnpadsibly at the critical late stage

transition from RGP to VGP melanoma ((273) andeeead in (274)).

1.4.4.1. Gene discovery and specificity

Kit was initially isolated from a feline fibrosanec@ and identified in 1986 as the
transforming gene of the Hardy-Zuckerman 4 feliaecsma virus termed v-kit (275), and
soon after its 145-Kd cellular homolog c-kit (thefter termed as Kit) was cloned and
sequenced (276). It was virtual simultaneously tbthat Kit is allelic with the dominant

white spotting (W) of mice in 1988 (277;278). Whilse mutations within Steel (Sl) locus
in mutant mice give rise to a phenotype very simitamutations in Kit, resulting in the

discovery of SCF. It was demonstrated that the ymbdf the Steel locus was identical to

SCF, the ligand for Kit (279;280), hence the narkit.

Four isoforms of Kit have been identified in humalnile two isoforms occur in mice as a
result of alternative splicing (281;282), due ttealate use of @splice donor sites (283).
Similarly, alternative splicing of the human SCFe{nRNA transcript results in secreted
and membrane-bound forms of the protein and théferdnt/synergism active functions
during melanocyte development were also revealenlub®& SCF is required for
melanoblast dispersal and initial survival duringration, while membrane-bound form of

SCF promotes melanocyte precursor survival in grents (284).
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1.4.4.2. The role of Kit/SCF in melanocyte devel@mmn

SCF in mammalian skin is generally thought to bemaportant regulator of melanocyte
and mast cell survival, migration and proliferati@y analysis of both molecules in wild
type and white spotting mutant mice, Kit and SCFeaghown to play multiple roles in the
development of melanocyte in murine ontogeny. Honet blockade of Kit by specific
monoclonal antibody illustrated distinct Kit depentl and independent stages during
melanocyte development. During mouse skin developnikat positive cells are present in
the SCF-producing areas at the time when melanshtasliferate and differentiate (285).
Comparing results of injections of recombinant hansCF and a Kit inhibitory antibody
K44.2, SCF injection increased, whereas Kit inldoitdecreased the number, size and
dendricity of melanocytes. Expression of melanoayiiferentiation antigens was also
markedly increased by treatment with SCF but deseaby Kit inhibitor treatment.
Increased Ki67-positive (cellular marker for prefiition) melanocytes in the SCF-treated
tissue and loss of melanocytes with a Kit inhihitewggest a direct proliferative effect of
SCF signalling. These findings demonstrate tthet Kit/SCF pathway has a role of
controlling cutaneous melanocyte homeostasis (ZB®. data from in situ hybridization
analysis, comparing the expression profiles of &id SCF transcripts during mouse
embryogenesis, confirmed that Kit and its ligandFS€mplex (Kit/SCF) provides a
homing mechanism during melanoblast stem cell rtigran early development, as well

as in the late stage development for cell proltfera differentiation and survival (287).

Employing TRP2 (tyrosinase related protein 2, aksferred to as Dct) expression, as a
melanocyte-specific marker probe to investigate thechanism of SCF mutation in
melanocyte development, the results revealed tieatnembrane-bound SCF was necessary
for the melanoblast survival but not the early ratgm and initial differentiation
(284,;288). However, in later studies targeting Spression to epidermal keratinocytes,

the results not only suggested that SCF was indalvenelanocyte survival but also that it
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stimulated the migration and promoted proliferatenmd differentiationin vivo (60). As
SCF regulates integrin expression at the proteial land that SCF has pleiotropic effects
on attachment and migration to extracellular mgt&&€M) ligand, it suggests therefore that
SCF could alter melanocyte adhesion and migratmolving ECM ligand, to control
melanocyte migration during the development of s{@89). The mutations of the Kit
receptor tyrosine kinase encoded at the W locusndb alter early migration or
differentiation of melanoblasts, but rather sewemdfect survival, crucially up until E11
and Kit plays an important role for melanoblast lifgcation in later development
(290;291). Using lacZ report transgene controllgdtie SCF promoter, detected report
expression in the dermal papillae of the hair étdlialso revealed SCF roles to support
melanocyte growth and development in the hairdl@l(292), which is consistent with the
findings in this study that melanocytes survivedotiygh the SCF/Kit loop during the

papillomagenesis induced by disruption of melanesyhicroenvironment (section 4.4).

1.4.4.3. Kit/SCF and melanoma

A Kit expression-pattern comparison study of norimaman and murine skin melanocytes
versus melanoma cells implied that loss or a mar&ddction in Kit gene expression either
promoted or was a consequence of transformatianalanocyte. While Kit protein was

readily observed in normal human skin and murinkaneeytes, malignant melanoma and
cell lines established from melanoma samples,amsformed murine melanocytes, did not

express detectable levels of Kit mRNA or protei@3294).

Unlike cutaneous melanoma, however, Kit expresgias demonstrated in most choroidal
melanoma tumours (75%) by immunohistochemistry waedtern blotting analysis (295).

Whilst in acral lentiginous melanomas, Kit was Bgly expressed in all cases where
melanoma cells grew in the basal layers of theesmds, but was lost in melanomas which

grew in the upper layers of the epidermis or valtycinto the dermis (294). This is
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consistent with the findings in this study, that Kxpressing melanocytes were primarily
located in the basal epidermal layers of the pigegtpapillomas, induced to assess effects
of the microenvironment (see section 3.10). Apeminf SCF, however, there is evidence to
show that additional mast cell growth factors aersted by fibroblasts and keratinocytes,
indicating a complex orchestration of several gtofetctors in the regulation of cutaneous

growth and differentiation in which SCF plays onlye part of this regulation (296).

Kit loss or significant reduction in cutaneous rgaéint melanoma and melanoma cell
lines, suggested a key role of Kit/SCF during metaa development. Introduction or re-
activation of Kit and SCF activity in melanoma sgdroduced several biological responses.
SCF inhibited rather than stimulated the growtimetastatic melanoma cells as opposed to
those observed in normal melanocytes and similaatyd enforced Kit expression in
melanoma cells significantly inhibited their grondhd metastatic potential in nude mice
(297). These opposite effects in melanoma cellspawed to normal melanocytes may be
the results of abnormal signal transduction byiiitesponse to SCF, given that the loss of
function of Kit, as well as the enhanced exprese&ibMACM, an adhesion molecule, is
regulated by transcription factor AP-2, which doed express in metastatic melanoma
(297;298). Furthermore, melanoma cell lines, paldidy those known to metastasize
vivo, lose the ability to express membrane-bound S@&e®rm but not the soluble SCF-1
isoform, which indicates that the different expresgatterns of SCF isoforms could serve
as a prognostic markers for malignant melanoma )(28Be majority of invasive and
metastatic malignant melanomas fail to expressuggesting Kit has a TSG role which is
lost during melanoma development and indeed onlgags of metastatic malignant
melanoma (2%) possessed Kit expression (due ta-adtivating mutation) (300). The Kit
mutation incidence in melanoma may differ betwepat@mical sites as well since UVR
exposure studies found Kit mutation and/or amgiien in 39% of mucosal, 36% of acral

and 28% of melanomas on chronically sun-damaged bki there is no mutation detected
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in melanomas of skin without chronic sun damagé ) 3@milar to previous report (300).

1.4.4.4. Kit/SCF and apoptosis

The loss of Kit expression in malignant melanomay rablow melanoma cells to escape
SCF/Kit-mediated apoptosis pathway and thereforatriute to tumour metastasis.
Enforcing Kit expression in Kit-negative, highly tastatic human melanoma cells and
subsequent analysis of tumourigenic and metagpatiential, concluded that Kit-positive
cells produced significantly slower growing tumoarsl fewer lung metastases than did in
control cells (273). On the other hand, exposur€ibpositive melanoma cells vitro and

in vivo to SCF triggered apoptosis of these cells butohdtit-negative melanoma cells or
normal melanocytes. Similar results were obtainredhfthe analysis of Ewing's sarcoma
and peripheral neuro-ectodermal tumours (302;3@3¢ontrast to the data obtained from
metastatic melanoma cells, as expected, SCF renmuwaased apoptosis significantly in
cultured neural crest cells (NCC) and further iases were achieved by addition of Kit
functional blocking antibody to obstruct SCF/Kittipaay during a SCF-dependant period

(304).

Disruption of MITF in melanocytes or melanoma teged profound apoptosis can be
rescued by Bcl-2 over expression and, Bcl-2 dovgulaion in Kit functional blocking
induced NCC apoptosis demonstrated that Bcl-2 playeessential role in such a SCF/Kit
mediated apoptosis (305;306). Data obtained framiblanocyte apoptosis analysis of Kit
(w-v) and p53 double mutant mice demonstrateddbgdctive Kit signallingn vivo results
in apoptosis through a p53-independent pathway @étanocyte and mast cell lineages

although by a p53-dependent pathway in male spehagoptosis (306;307)

Fas, a member of tumour necrosis factor superfaofilyeceptors and an upstream cell

death inducer in human cancers, functions throeghurting adaptor factor FADD (Fas-
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associated protein with a Death Domain) which tserves as a docking surface and
facilitates auto-processing and activation of otnetecules to trigger a caspase cascade (8,
10) to transduce apoptotic signal (308). It plapsimportant role in SCF/Kit mediated

melanocyte/melanoblast apoptosis.

Fas up-regulation was observed in chemotherapyqlyosphamide) induced apoptosis of
hair follicular melanocytes, which confirmed by mificant decreasing apoptosis in Fas
knock-out mice (309). Employing neural crest celel(NCCmelb4), Kimurat al revealed
that up-regulation of Fas together with Caspasé$ an important role in regulating the
SCF/Kit mediated NCC apoptosis during embryogenesige other molecules of Bcl-2,
Erk and RSK (ribosomal S6 kinase) downregulated6)3daking together, SCF/Kit
mediated apoptosis related to many factors inctydnolecules on Fas-apoptosis pathway
(310) as well as anti-proliferation molecules bat m a p53 dependant fashion. However,
which caspase molecule downstream of Fas inducaptaiic pathway transduces Kit/SCF
mediated apoptotic signal is not well investigaaéitiough caspase-8, a molecule upstream

of caspase-3 in Fas signalling pathway, activatras revealed.
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1.4.5. CDKN2A

1.4.5.1. General biology of the gene

The CDKN2A (Gyclin-Dependent_khase Inhibitor_2A locus located on chromosome
9p21 was identified as a cancer hot spot becausts ¢figh frequency of homozygous
deletion in many cancer cell lines derived fromfediént tumour types (311-313). Two
different CDKN2A mRNAs have been identified in seatedifferent tissues and two
transcripts arise from different promoters (314)3THhea form is identical to the cDNA
reported to encode the g1 protein, which inhibits cell-cycle progression tepressing
the activity of CDK4/6 cyclin complexes via previeigt the phosphorylation of pRb (316).
Its coding sequence is divided into three exons:fitlst exon comprises 150 base pairs to
encode amino acid 1 to 50, exon 2 of 309 base péiich encode amino acids 51-152, and
a very small exon 3 of only 12 base pairs whichodecthe last 4 amino acids of 153 to
156. Thep form is identical toa form in exons 2 and 3 but contains a differentrego
(exon PB) which is transcribed from its own promoter. THier@d resulting RNA of exon
1B incorporates exons 2 and 3 and specifies a distiratein p147" (p19**F in mouse)
because exon 2 is translated in a different reafiiamge to that used for p16*?, hence the
name of ARF (alternative reading frame). Théorm transcript encodes p¥¥ protein,

which is entirely different in its amino acid seque from p16%* (317).

Numerous studies have been performed in attempisiderstand the cancer suppression

activities of p18'* and the results obtained have shown accumulatfop16™ *? i

n
response to diverse cancer relevant stimuli, inolyighassage in culture, growth at high
density, DNA damage, oncogene activation and admgnage (reviewed in (318)).
p16™¢“? deficient mice develop phenotypically normal bue grone to tumours and
sensitive to carcinogens, which suggest a littlenorrole of p16%*® in normal mice

development but instead serves to limit inappraeriar aberrant cellular proliferation.

Polymorphism data of pf¥“? protein and its susceptibility to UV-induced melara in
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fish suggest that its role in abrogating neoplasiaonserved over a large phylogenetic
distance while tumour-permissive hypomorphic motai have also been found in mice

and humans (319-321).

Mice with exon B disruption (p18"*? normal) developed tumours indicated that/¥9
functions as a tumour suppressor gene in its oght 1322) in human. Furthermore, the
genetic data collected from human cancers cleanbparts and complements the results
obtained from the mouse (reviewed in (318)). Anialygg cloned cDNA of p18* revealed
that cell-cycle arrest induced by pT8 expression could not be abrogated by D-type cyclin

expression (317) and displayed different functidrmsn p16V<*2

protein on cell cycle
control (323). p1&F was overexpressed in p53-null cells and the tumaintained in
p19**F deficient but p53 normal mice that suggested ancomgenetic pathway of pA%
and p53 (223;322). p48 protein induces cell-cycle arrest or apoptosigart either via
stabilization of the p53 tumour suppressor prot®insequestering murine double minute
(MDM) 2 oncogene in the nucleolus, thereby inhigtiits E3 ubiquitin ligase activity
(324) or without p53 stabilization and MDM2 reldeation (325). Additionally p18:- can

induce cell-cycle arrest in mouse embryo fibrolsdatking p2%™ or p53 indicating that

the protein has p53-independent functions (326).

1.4.5.2. Gene ablation in melanoma

CDKN2A, as a candidate tumour suppressor gene pmg®inted to chromosome 9p21 in
1994 because of deletions in melanoma cell linelsveas later identified as a candidate for
the chromosome 9p melanoma susceptibility locus3@3313). Since then, genetic
analysis in ethnically diverse populations haveortgnl a variety of germline mutations in
melanoma-prone families, in melanoma cases diagnhase young age, or in multiple
primary tumours (reviewed in (327) and (208)). lposdic cutaneous melanoma,

INK4a/ARF mutations are a less frequent event ttegoorted in those familial melanoma
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and additionally, its functional loss can also adtwough epigenetic mechanisms such as
promoter hypermethylation (328-330). The importarafe p16™*® has been further
reinforced by finding of alterations that target hiochemical partners, that is, CDK4 point
mutations inhibit binding to p1¥“® or overexpression of CDK6 (331). In early onset
melanoma cases or a strong familial associatioh mielanoma, the CDKN2A locus was
found to be ablated in 25-40% of melanoma fami{&32-337). Analysis of melanoma
families in Scotland revealed that 22% possessetKNdA mutations, with one new
mutation of H83N reported (338). Through analygi137 patients from 466 melanoma
families, CDKN2A mutations were identified in 41% families, of which most were
p16™*? (95%). A strong association between CDKN2A mutsiand pancreatic cancer,
but not neural system tumours, was also revealgfl) (Btudies of multiple-case families
have indicated that the lifetime risk of melanomaGDKNZ2A mutation carriers is very
high, ranging from 58% in Europe to 91% in Austidlly age of 80 years (340). The risk of
melanoma in CDKN2A mutation carriers was approxehal4% by age 50 years, 24% by
age 70 years and 28% by age 80 years in USA (34d)addition, 75% of melanoma
samples were found to have CDKN2A methylation sulein CDKN2A function loss at

the transcriptional level (342).

Cell lines generated from UVB/H-Ras induced mousdanomas showed chromosomal
abnormalities of homozygous or partial allelic dieles in the region of chromosome 4
where the CDKN2A gene resides (221;222) which cordd that the familial melanoma
gene CDKN2A encodes potent tumour suppressor gctiwihose loss is necessary for
melanoma formation. In human melanoma cells, imatbn of CDKNZ2A locus can lead to
abrogation of both Rb and p53 functionality throulgiss of p1&'*® and p19%F
respectively (343). The transfection of UV-damad®dA into normal mouse fibroblast
cells revealed that loss of function of either P48 or p19~* reduced the cells ability to

repair DNA damaged by UV exposure and furthermtoes of DNA repair ability was
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independent of the cell-cycle (108).

1.4.5.3. Transgenic melanoma mouse model and CDKN2A

Interestingly, although INK4a/ARF null mice did nekhibit melanoma susceptibility
(316), p18'*® specific gene targeting can facilitate melanomagin particularly after
exposure to DMBA, but the majority of tumours wS€EC (343-345). Mice expressing
CDK4 mutation R24C that renders the CDK4 proteseitsitive to inhibition by p18“?,
are highly susceptible to melanoma developmentowoeilg DMBA initiation, which
mutates Ras and significantly increases penetrahgeelanoma in a H-Ras expressing
model following UV induction (346-348). On a gemebiackground devoid of CDKN2A
(INK4a/ARF), a role for CDKN2A in UV-induced melamagenesis was directly assessed
by expressing HGF/SF transgene, demonstratingXD&N2A plays a critical role in UV-
induced melanomagenesis and confirming that sunisuanhighly significant risk factor,
particularly in families harbouring abnormal CDKN2dene (349), although loss of
heterozygosity of 9p is not confined to melanoma diso detected in other melanocytic
lesions and other genetic changes (e.g., loss @f 8§, and 18q) may play an important
role in development of malignant melanoma (14). Byipg a p16'“** deficient mouse
model, components of the Rb pathway were identdiedeing critical biological targets of
UV-induced mutagenesis in the development of meten¢224), whilst loss of vascular
integrity upon inactivation of Ras was revealed as active process rather than a

consequence of loss of cell viability in CDKN2A aént mouse melanomas (350).

By expressing activated H-Ras (V12G) on a'P¥8 deficient background a high incidence
of melanoma was produced within a relatively shatency (217), although in an earlier
model, activated H-Ras alone failed to produce nwatea resulting in hyperpigmentation
and/or melanocytic hyperplasia in the skin, eyes amner ear (216). Significantly, based

on previous studies and the data presented inthleisis, all activated Ras (H- and N-
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alleles) induced mouse melanoma models (see abdv&8. Transgenic mouse models of

Ras and melanomdo date appear to require an INK4a/ARF deficibatkground and

specifically, all Ras induced melanomas were shawhe p18'%** null/heterozygous or
possessed of pA% deficient background (217;224), indicating thasteong synergism
exists between dysregulations of MAP kinase sigmgdl which includes B-Raf,

PTEN/PISK/AKT and p16/p19 mediated.
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1.4.6. Other genes in melanoma

Apart from those genes described above, there arg wther genes involved in melanoma

development, such as p53, B-Raf, MC1R, MITF.

The tumour suppressor protein p53 plays a critiok in the orchestration of the cellular
responses to a variety of genotoxic and cytotaxesses. The abrogation of the function of
p53 is the most prevalent molecular alterationaldshuman tumours. However its causal
involvement in melanoma is still controversial @tel p53 mutation frequency is very high
in human non-melanoma skin cancers (NMSC) (reviewd351)) but relative very low in
melanoma (352-354). Although the low p53 mutatiaterin uncultured specimens may
indicate that inactivation of p53 is not a criti@lent in the progression of melanoma
(reviewed in (355)), UVB induces p53 elevationhaligh not at mRNA level, in human
skin (69) presumably in its attempt at a protectwke. Results from one study, showed
UVA and UVB-induced apoptosis in a dose dependeahmar, where wild type p53
melanoma cell lines were much more vulnerable thanmutant cell lines and this result
suggested that p53 plays a role in UV-induced agsiptin melanoma cell lines. On the
other hand, there was little difference in p53 esgion patterns between the primary and
matched metastatic melanomas, indicated that esipresf p53in vivo maybe insufficient

to induce apoptosis in melanoma as it does in be#s, or the p53 pathway is
compromised by alternate evantvivo (356). Therefore, one or more genes involved in
p53 regulation might be the preferred targets (1322) and reviewed in (223;355)) and in
this respect, much attention has been paid toutledr suppressor gene ARF. The tumour-
suppressor activity of ARF regulates p53 in respammsoncogenic signalling or aberrant
growth by binding and inactivating MDM2 (324;32583859). While the ARF-p53 axis is
inactivated in the vast majority of melanoma cele$s by mutation of p53 or deletion of
ARF, alterations in these genes are not always afiytexclusive (87;359). Although the

concept of whether ARF and p53 act in the same wathduring the melanoma
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development remains open to argument, there iscgrff evidence to suggest that ARF
plays its own role as an important melanoma suppretee 1.4.5 above; reviewed in

(355)) via inducing p53-independent senescenceg)(35

Of the Raf family of protein kinases, B-Raf is tnely member to be frequently activated
by mutation in cancer. A single amino acid substitu (V600E) accounts for the vast
majority of mutation and results in constitutivetiaation of B-Raf kinase function. The
first evidence of a direct association between gafe mutations and human cancers was
provided in 2002 by Davies H. et al (200). Followithis report, more intensive studies
were performed to detect the B-Raf mutation spectiu both malignant melanomas and
relevant pre-malignant lesions. Brose and co-warkantified activating B-Raf mutations
in 66% of sporadic melanomas of which 90% mutatiorese V599E (360) (thereafter
V599E was identified as V600E, reviewed in (36A3ditional research suggested that the
V600E missense mutation by a single substitutior£) may play an important role for
malignant melanoma development (208;362-367). Heweas there is no such mutation
detectable in 42 familial melanoma patient samptesjggested that this V600OE mutation
IS a somatic mutation associated with melanoma Idpreent and/or progression,
occurring in only a proportion of affected indivala (368) an idea confirmed by other
studies (369;370). A lack of V600OE B-Raf mutationuveal melanoma was first reported
by Edwards and co-workers in 2003 (371) and lavefiomed by other groups employing
various number of uveal melanoma cases (266-268pie a similar high frequency (62-
72%) of B-Raf mutations identified in melanocytiew, VGP melanomas, metastatic
melanomas and melanoma cell lines (200;360;378&jetis only a 10% mutation frequency
appeared in the earliest stage of RGP melanomhss siriking contrast result to the high
frequency in other samples suggested that B-Rabgemic mutation correlated with
progression of the transition from RGP to VGP anaretastatic melanoma rather than

with initiation of human melanoma (373). Alternay, when B-Raf mutation is an early
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event in the pathogenesis of some melanomas itrésepsed throughout tumour

progression once mutated (212;374), and someestisliggested that B-Raf mutation in
melanoma is most likely to occur prior to the depehent of metastatic disease (363). In
many cancer cell lines, B-Raf expression is necgssa ensure tumour growth and

proliferation. B-Raf also leads to benign tumouowgh and these can progress to
malignancy only with additional genetic mutationsview in (375)). Given the established
involvement of UV exposure in melanoma developmantassociation between UVR and
B-Raf mutation was identified by mutation analysi primary cutaneous melanomas
arising from UV exposure sites versus unexposesk,s@nd revealed a high frequency
mutation rate (33% and 62% respectively) following exposure (73;371). Conversely, a
later study suggested that UV light is not necgssaquired for the acquisition of the B-

Raf(V600E) mutation (10). Although high frequencyRBf mutation detected in melanoma
is linked to UV exposure, it is still unclear whyHBaf mutations are preferentially selected
in melanoma and the mechanism of acquisition oBtiaf V600E mutation remains to be

clarified (reviewed in (375)).

MITF regulates melanocyte development, function andvival by modulating various
differentiation and cell-cycle progression genesTMmediates differentiation effect of
MSH (376;377) by regulating expression of TYR, TYRRAnd DCT (378-380) (the
enzymes that are essential for melanin productiandl, by controlling genes involved in
melanosome genesis or structure such as MARTlerSaind GPR143 (OAl) (reviewed in
(381)). Rab27A has also recently been identifiech agew direct transcriptional target of
MITF, linking MITF to melanosome transport (382yanother key parameter of
melanocyte differentiation and skin pigmentatiomjiler microRNA-137 (miR-137) has
been revealed to act as a regulator of MITF exmpresand to down regulate MITF
expression in melanoma cell lines (383). MITF ispartant for the initial survival of

melanocyte progenitor cells in the proliferatiordanigration from the neural tube (384).
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Its relevance in melanocyte stem cells has alsa beeealed by Nishimura (53), where it
has been demonstrated that MITF amplification astan oncogene in a sub-set of human
melanomas. Although MITF has been described agtdyhsensitive immunohistochemical
marker for melanoma diagnosis (385;386) since 1986, evidence of MITF as an
oncogene came from a study in which B-Raf mutataen well as pl6 inactivation
accompanied MITF amplification in melanoma celebnand ectopic MITF expression in
conjunction with the B-Raf mutant (V600E) transfeanprimary human melanocytes
(387). MITF amplification was found in 12% of anséyg melanoma cell lines in keeping
with 10% in primary melanomas and 15-20% in metastaelanomas (208;387). MITF
amplification in metastatic melanoma is also asg#ed with a decrease of five years in
survival (387). MITF expression in melanoma biopsyhighly variable. In some cases,
MITF levels are high (i.e. amplification), but ithers MITF levels are low or decreased
(388;389). Thus, why are MITF expression lost/retli@during progression of some
melanomas but amplified in others? A reasonabldaegpion is that the fundamental
differences existed among classes of melanoma acil differences might account for
such an opposite effects of MITF expression dumnglanoma progression. Although
MITF has been directly implicated in melanoma oreugsis, its oncogenic activities are
still poorly understood and the studies of MITFe®in melanoma development have just

begun (reviewed in (381)).

Different colour of skin and hair are geneticallgtermined by variation in the amount,
type and packaging of melanin polymers producedm®lanocytes and secreted into
keratinocytes. Pigmentary phenotype is geneticabiyplex but up to date, there is only
one gene, the melanocortin 1 receptor (MC1R), le@s lidentified to explain the variation
of skin and hair in a normal population (reviewed (390)). MC1R is an unigue
bifunctionally controlled receptor, activated byMSH and antagonized by agouti, both

contributing to the variability of mammalian coatlaur (review in (391)). The human
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MC1R was cloned and located at 16g24.3 (392-394k, mvost red hair people harbouring
homozygous diminished-function alleles at the MOBR), and not necessarily the null
phenotype of MC1R (395i-MSH protects UV radiation-induced DNA damage and
apoptosis (66) and has immunosuppressive effecthiuiman acting via MC1R on
monocytes and B lymphocytes but not the antigengad lymphocyte proliferation (31).
A recent mapping study in dogs identified anotlveus, termed K, encodes a member of
thep-defensin family of antimicrobial peptides (396paurprisingly, the product of the K
locus promotes eumelanin production by binding diyeto MC1R and acting as a

competitive inhibitor of Agouti (397).

The MC1R gene is remarkably polymorphic in whitepplations (398-400) and an

association of MC1R variants and cutaneous melaneasarevealed in 2000 by Palmer et
al (401). A relationship between CDKN2A and MC1Rnmelanoma was established in
2001 (402;403) due to MCI1R variants in addition a0 CDKN2A mutation that

significantly increased the melanoma penetrance.aBglysis of extensive clinical and
epidemiologic data, Goldstein et al., also evaldte relationship between MC1R and
melanoma risk in CDKN2A melanoma-prone familiesydfng that multiple MC1R

variants are associated with the development otipheilmelanoma tumours in patients
with CDKN2A mutations (404), consistent with prewsostudies (405-407). An association
between MC1R and sporadic melanomas was also exl/é#06-408), but the study failed
to establish the relationship of MC1R and oculatamema (409). A recent study failed to
show an association between MC1R variant and meiana Italy (410) but it conflicts

with the previous studies (406;408) which indicatiegt the differences in melanoma risk
across geographic regions justify the need forviddial studies. The effect of MC1R is
not solely accounted through hair or skin colo@OMand therefore, additional molecular
events downstream of MC1R activation, and theiecf on melanoma risk need to be

further studied to understand the causal pathwaigsMC1R) of melanoma.
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There are many genes involved in melanoma tumouegje and the genes described
above represent some of the extensively studieder®tincluding E-cadherin, MDM2,
VEGF, NF-kappB etc have also been well studied and many othezggéng. XPF, GSH,
BCL-2, PTPRD, Apafl, Rb etc) have also been idedtiin melanoma cell lines and
primary melanomas. To describe all genes and thaihways involved in melanoma
development is an impossible task, beyond the sobghis thesis. Also, as melanoma
research progresses, more genes and their fundheolved in melanoma development

will be discovered and elucidated.
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1.5. Transgenic mouse models for melanoma

During the past decades, significant progress bas lachieved on the investigation of the
causes of many human diseases, which benefited filoen development of new
biotechnologies —one of them being the transgemiimal approach that permits scientists
to identify and test the causality of specific gasjdhat are involved in certain human
disease. Identification of an important role foe thuspected specific gene in a particular
disease creates a new dimension of bio-researcinderstand the molecular mechanism
that underlies the cause of that disorder. Theldpugent of an animal model specific for a
disease and mimicking the vivo situation is often a crucial step in this procasd recent
transgenic technology advances have made suchimalamodel generation easier, more
rapid and more accurate. Technologies that allovthfe addition, alteration or elimination
of individual genes from the genome to create asganic animal are now widely
employed in bio-research. Moreover, the advancedadible gene-switch system allows
induction of highly localized disease by contrdiliof the target gene expression under a
specific promoter (e.g. tyrosinase in melanocytnploying such an inducible gene-
switch system, animals remained disease free treitment that increases viability and
minimizes unnecessary suffering as well as to mgenthe number usage of animals

involved in the experiment (3Rs).

Melanoma, one of the most morbid human cancerssiisy steadily and faster than any
other neoplasmas, but compared to other cancers e still relatively few useful
models available that are able to directly assedsvant genetic causality and the
underlying molecular mechanisnns vivo. To understand the molecular mechanisms of
melanoma initiation and development, a transgercisa model designed to accurately
mimic human melanoma aetiology is highly desirahfed the ultimate goal of these
studies. Moreover, by generating ianvivo model to mimic human melanoma aetiology it

may potentially establish a test system to evalnatel treatment modalities. To study the
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genes suspected to be causal in melanoma develgpsueh as CDKN2A, Ras, B-Raf,
PTEN, MITF, MC1R and p53, a TSG much less mutatednelanoma than in non-
melanoma skin cancers (reviewed in (411;412)),sganic mice may generate useful
models to elucidate their mechanisms of melanomaldpment. By introducing one
(215;221) or more (40;215;223;413) insults via dieg these models can assess
melanoma development as a multistage process &l itdo account melanocyte
physiology as well. Further, the latest conditiogahe switch approaches, which leaves
animals disease free until inducer treatment ai&s/eegulatory transgenes to subsequently
switch target genes on (detailed below) or inat&ivaSGs, will allow investigators to

explore the temporal causal role(s) in each sthgeetanoma development.

1.5.1. General introduction of melanoma transgenimodel

Many studies on the pathology, epidemiology andeties of melanoma have been
performed and thus, we now know that genetic fachoe the most important of the known
risk factors. The most important epigenetic factorerexposure to UVR in sunlight, is
believed to be a contributing factor to at leasnynaases, even if not all, of melanoma.
Indeed, even short periods of intensive exposueeipally episodic exposure during the
childhood, such as sunbathing is associated wiboaold increase in melanoma risk (25).
In mouse melanoma models, either HGF/SF over-egprgsor active form H-Ras
expressing new born pups (2-3 days old) exposeddingle low dosage of UV radiation
developed melanoma in later life (12 months) (3R;4Blowever, the molecular
mechanisms of melanoma progression remain relgtiveknown despite the fact that the
worldwide incidence of melanoma is increasing mibr@n any other neoplastic disease

(1:83-85:414).
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1.5.2. Advantages of transgenic models

The development of techniques for the productiogesfetically engineered mammals was
initiated by the pioneering microinjection effodsLin back in 1966 (415). Since the first
transgenic animal produced more than two decadesmgny transgenic animal models
such as pig, sheep, goat and cattle have been agedieto understand molecular
mechanism(s) of major diseases that afflict hunyaaitd to investigate their potential
application on agriculture and pharmaceutical itiess beside the factor of basic
biomedical research. Such 'new' technologies tHatvahe investigators to introduce
specific-disease related gene(s) of interest priynanto the mouse genome exploiting
microinjection of DNA into pro-nuclear stage emksy@16;417), or delete gene(s), for
example TSGs from the genome by homologous recatibmin pluripotent embryonic
stem cells (418), have facilitated the generatiba bost of experimental models of human
disease (review in (419)). The transgenic moudent@ogy has already had a reverberating
effect on studies of the aetiology of cancer, sksease, motor neuron disease, diabetes,
cardiovasculogy and hepatology etc. Often, transgamimal models have not only
clarified existing hypotheses, but have also intplew insights on disease progression
and provided an invaluable starting point in tharslke for effective therapies and

pharmaceutical production (review in (420)).

To investigate the molecular mechanism of humaaadis before the advent of transgenic
mice, previous rodent models were only producetlifimusly as a result of a spontaneous
genetic mutation. Indeed, phenotypic observatiomon-transgenic models sometimes does
approximate pathological conditions associated wiiman diseases. However, a major
caveat has to be mentioned is that the phenotypasned from the non-transgenic animal

models do not often share the same underlying mldggenetic mechanisms of diseases
because such phenotypes are spontaneously derivelisease has been generated in

immunodeficient mice where mutated gene did nollyeaimic the genetic basis. The
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huge benefit of ability of transgenic technologyadd or delete defined human disease
related genes in animals, has the potential toym®dnodels that accurately reflect genetic
mechanism of human diseases by defining its gebasts. In addition, the generation of
such models enable studies to mimic thevivo condition of the human diseases more

accurately than previous non-transgenic models.

The advantages of a transgenic model are many.iA paint is that this model can dissect
downstream processes of the initial genetic eveaig—the addition or deletion of specific
defined gene(s) and which ultimately leads to tiseabe state. Therefore, the mochel

provide strong evidence that a particular gene asponsible for certain disease
development. Thus, once identified, events dowastref the specific gene(s) provide a

wider range of targets for therapeutic intervention

The applicability of a transgenic system to molacupathology is not limited to
recapitulating a genetically well characterized adgl but often raises new concepts
relating to gene expression and gduection in disease, which may open up a new
research direction of a defined gene associatedahudisease. Although the versatile
aspect of a transgenic model is most employed teesas a proving ground for testing

hypotheses regarding the genetic mechanism ofsisaarently (review in (420)).

Moreover, in the most advanced inducible conditiogene switch systems, where an
inducible tissue/cell specific promoter drives thene(s) of interest (target), normal
conditions are maintained until trigged by an aetiggulator and therefore, the tissue/cell
specific target gene expression can be controliédfioby application/removal of inducer

at specific times, dependant on the goals of expmrtal design. Thus, the genetically
modified animal remains disease free due to thedide expression of the causative target

gene which increases their viability and provideshility to study multiple insults vivo.
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To study the molecular mechanism of multistep-dgwelent melanoma (14;19;421;422),
the conditional gene switch approach provides itigators with a powerful tool to search

the disease related genetic ablation spectrumeryestage during melanoma development.

1.5.3. Inducible conditional gene switch systems

Annotating the specific functions and the cooperatdf individual genes during cancer
developmentn vivo has become the primary task of cancer studielserpostgenome era,
geared to search for potential novel therapeutithots and to improve the life quality of
the cancer patients. In addition to conventiongiragches of transgenic and gene targeting
technologies, the recent development of conditiqgeale modification technologies has
provided a real opportunity for elucidating speciiene function and their cooperation at
the level of genome. To understand the cancerlagtiat the molecular level, tissue/cell
specific gene modifications in the mouse have beade possible by using site-specific
DNA recombinases, conditional alleles and tissulespecific promoters to tightly control
the timing and location of individual gene or geeexpression. The studies have revealed

novel basic insights for exploitation by the phacetical industry.

The creation of a conditional gene switch systenbdsed on the SSRs (Site-Specific-
Recombinases) technologies. The most used this kedmbinases are Cre (causes
recombination of the bacteriophage P1 genome) gmdnamed for its ability to invert or

“flip” a DNA segment in S. cerevisiae) which arelealio recombine defined DNA

sequences with high fidelity without the need ofactors (reviewed in (423))(424). These
two recombinases have been used widely and efédgtito generate gene deletions,
insertions, inversions and exchanges in exogengsgerms such as flies (425;426),
mammalian cell culture (427;428) and mice (429;4&)th Cre and Flp can recombine
DNA at defined target sites, termbakP (locus of crossover (x) in P1) (431) and FRT (Flp
recombinase recognition target) (432) respectivalya very high efficiency (99.98% and

100% respectively) (427;433) (note: with 34bp athorecognized sequences, there is only
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1/4** chance to find a same sequences which is far Ithaer 1/number of genetic base

pairs of a mouse genome) in both actively dividargl postmitotic cells in most tissue

types.

A more recently established Streptomyces phageretbripgC31 SSR is also been
employing for the use to generate genomic recontbmeuse model. Unlike Cre and Flp,
@C31 SSR mediates recombination only between therdtgpic sites attB (34bp length:
CGCGCCCGGGGAGCCCABGGCACGCCCTGGCAC) and attP (39 bp length:
CCCCCAACTGAGAGAACTCAAAGGTTACCCCAGTTGGGG), named for the
attachment sites for the phage integrase on theedelcand phage genomes respectively,
each containing an imperfect inverted repeats dhatikely bound byyC31 homodimers.
The @C31-mediated recombination occurs in a core tgpléAA sequence (underline

indicated in the sequences) within each sites (434)

1.5.4. Mechanism of Cre-and Flp- based gene switche

Cre and Flp, members of thentegrase superfamily of SSRs, share a common anésain
of DNA recombination that involves strand cleavagechange and ligation (435). Both
Cre and Flp catalyze DNA recombination at the dpedarget sites,loxP and FRT

respectively, which are distinguishable at the eottle level (below)

loxP: ATAACTTCGTATAATGTATGCTATACGAAGTTAT

FRT: GAAGTTCCTA TTCTCTAGAAAGTATAGGAACTTC

However, botHoxP and FRT share an overall structure which includes13-bp unique
inverted repeats sequences (one base pair exceptibrinverted in FRT,bold red
indicated), separated by a 8-bp asymmetric coraesem (or called spacer). Cre and Flp

recombinases defined DNA with the same catalytichmaism in a gene-switch model. In
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the presence of two target sites, recombinase mersobound to the inverted repeats to
promote DNA synaptic complex formation and recorabon between two sites (436),
whereas strand cleavage, exchange and ligatiorr @gthin the spacers (437). Because of
spacer asymmetry, strand exchange is possible whgn target sites are connected by
synapsis in one orientation (438). Consequenthy réfative orientation of target sites with
respect to one another determines the outcomecofmaination: Cre/Flp either excises a
circular molecule from between two directly repeatarget sites and accompanied to
integrate a circular molecule into a linear moleceach possessing a target site; or inverts

the DNA between two inverted sites (Fig 4).

Unlike gene inversion, because of the loss of autar reaction product, the excision
reaction (Fig4, left) effectively results in geneti@ation or silence and therefore, this
technigue has been employed in mouse models inhwgitber TSG (Conditional Knock
Out —Cko, e.g. (439) and PTEN function loss in #tisdy) inactivation or activation of
oncogene preceded byxP-stoploxP flank (Conditional Knock In —Cki, e.g. (347) aNd
Rad*®! expression in this study) to generate tumourigefteselopmental models of
defined single/multiple gene(s) expression/silefacebasic molecular and pharmaceutical

studies.
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Gene Deletion Gene Inversion

1

a d c b a ) q d

Figure 4: Diagram of Cre recombinase to recombliaekf DNA. Recombinase reaction
catalysed by Cre/Flp. Black triangles indicate mbmase recognition sites; black lines
present chromosomal DNA, with orientation indicatgdthe letters a, b, ¢ and d. Grey
ovals are recombinase monomers. In the presencevoftarget sites, recombinase
(Cre/Flp) monomers bound to target sequences tongie DNA synaptic complex
formation and recombination between two sites wdergtrand cleavage, exchange and
ligation occur to result in DNA excision (left pdher inversion (right panel). Cre/Flp
excises a circular molecule from between two diyegepeated target sites and
accompanied to integrate a circular molecule inioear molecule each possessingx®

or FRT site to (in)activate the target gene betwwentarget sites for the gene-targeting
purpose (left panel, gene deletion); or only ins#ehte DNA between two inverted sites to

fail to target gene expressing (right panel, genersion).
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1.5.5. CrePR gene switch

In this study, a gene switch has been employeddoas¢he Ru486 inducible progesterone
receptor couple to the ClexP system described above. By fusing the Cre reauasbi
gene with a truncated progesterone receptor lidggmding domain, Kellendonlet al,
created a valuable system for inducible gene tengeHere the CrePR fusion protein
recombinase recognises and binds Ru486 (mefipeytcem analogue of progesterone,
(440). The CrePR fusion protein, previously secgrest in the cytoplasm then translocates
to the nucleus where the recombinase functionsthereexcise critical flankloxP floxed)
exon/promoter or whole gene sequences to ablattidmn or to excise inhibitor sequences
(e.g. 'Stop’ cassette) to induce target transgespeession. By using tissue/cell specific
promoter to drive the regulator Cre half of the g@switch, the floxed target gene could be
switched on/off only in specific tissue/cell andaaspecific time(s) controlled by Ru486
(inducer) application. Therefore, animals remaindidease(s) free before inducer
application and this ability to induce defined terad and highly localised of target gene
expression presents a significant advantage ovargbtforward transgenic models, in
terms of viability and the ability to study multgpltargets in tumourigenesis and of

developmental biology.

Thus in this study, with the goal of generatioranfinducible Cre-based conditional gene-
switch mouse model for melanoma, two lines of tgaméc mouse, regulator and target
lines each containing half of the gene-switch congmds, are produced and mated to create
the complete gene-switch system. The regulator GedPwas coupled to a melanocyte-
specific expression promoter (i.e. Tyrosinase oPZRor melanocyte expression) for the
purpose of controlling the target gene expressidmgenic compound lines, with the target
half constructed to be relatively generic, harbogrgenes (i.e. our N-Ras and EGFP)
driven by generic promoter such as the CMV promatet thus be activated by any cell

specific Cre transgene.
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1.5.6. Gene (in)activation by CrdbxP switch

To conditionally activate a target geirevivo, a DNA 'Stop’ cassette sequence containing
poly(A) signal is placed between twoxP' sites (floxed) and cloned upstream of the target
gene to stop downstream target gene expressioh@netiis activated. Ideally, the 'Stop’
cassette and target gene should be designed umelerontrol of a general promoter to
allow the gene to be active in all of the cell tymace the 'Stop’ cassette has been removed
by active Cre recombinase. Because of the cloningpstream 'Stop' cassette, target genes
remained inactive until the regulator Cre acti\gtyitches on its expression by excision of
the ‘Stop’ silencer following application of theducer, unless the promoter is leaky (e.g.
Trp2Cre). In contrast, inactivation of a target g@amvivo is achieved by floxing functional
exon(s), the gene promoter/transcription elementshe whole gene, so that the gene
remained functional until target gene excision bse @Cecombinase following inducer

application.

1.5.7. Requirement for transgenic melanoma models

In mice unlike humans, inter-follicular melanocytegcline at birth and epidermal
melanocytes are localised to the follicle whereytimerease after birth for about 2 weeks
and decline as the hair growth ceased on progrefsim anagen to catagen. Thus, as most
proliferative murine melanocytes are located in fiblécles, coupled to the fact that the
adult mouse skin is almost devoid of melanocytebéresting phase of the hair cycle until
the occasional follicles enter anagen when melaescgrise from their stem cells, it is
very difficult to induce melanoma by chemical caomenesis or UV exposure in the
mouse (57;76). Therefore, the mouse has not bgeod model for studying melanoma in
the past (2). But despite these limitations, trengg approaches have been employed to
generate melanoma mouse models by genetic modbficaf mouse genome in mouse
embryo/stem cells to express customer-designed genegs) or to ablate the certain

chromosomes locus(es) which is(are) susceptibhegi@anoma development.
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The advantages of transgenic and conditional kmatkn technologies have attracted
many researchers to put their effort to assess ithevivo mechanisms of the
oncogenes/TSGs during the tumour development. Ttigs first transgenic melanoma
mouse model was generated by expressing simiars vifu early-region transforming
sequences driven by a tyrosinase, melanocyte-gpectfmoter in 1991 (441;442) with the
idea of disrupting the then most famous TSGs p3BRin. The SV40 transforming gene,
however, is not a human melanoma development ceigéme and therefore, melanoma
related oncogene transgenic mouse model was dexelmpexpression of activated H-Ras
following UV exposure, although H-Ras alone failed produce melanoma (221;222).
Taking the advantage of inducible conditional gemétch system, Chirt al developed
another H-Ras induced melanoma model by controlihBas expression in a INK4a
deficient background (223), in which an essentwé rof Ras expression in melanoma
development was identified. To recapitulate theobmdy of UV causality on melanoma,
mouse models either over-expressing HGF/SF or atetiv H-Ras were generated and
results confirmed that neonatal UV exposure isoaliton melanoma development (39;40).
Surprisingly, only recently was a mouse model witblanotic and metastatic melanoma
produced that recapitulated genetic lesions fretyeiound in human melanoma by
crossing activated N-Ras(Q61K), a hot spot N-Ragatimn in human melanoma, to a
CDKNZ2A deficient mouse (215). In this model 90% enteveloped melanomas within 6
months compared to the 25% and 2 months in theiquewH-Ras models respectively.
Searching the literature, there remains few melanorouse models available to study the
molecular mechanism and the causative factorssgfade development. Melanoma is one
of the deadliest diseases with an over-all 5-yaarigal rate less than 20% in the US and a
higher survival rate reported in Europe (443-44#)ere the survival rate is related to the
histology of tumour, given PDM (primary dermal madana) has remarkably prolonged

survival compared with patients with malignant melma or PNM (primary nodular
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melanoma) of similar thickness (446;447). Thuantwe accurately mimic the aetiology of
human melanoma, additional transgenic models (Bpaity inducible conditional gene

switch models for multi-stage investigation) protioic is necessary for the investigation of
molecular mechanism and/or identification of anyvn@ological mediators (new genes,

new pathways) for drug development.
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1.6. Aims of the study

To create a model that avoids rapid melanoma dpuweat, mimic the early phases of nevi
and to model epidermal/dermal junctional pathologyhe RGP-VGP transition to mimic
this vital development step in human melanomajntacible gene switch system provides
a tool for these stage-related investigations whilswing the animal to develop normally.
Therefore, the overall aim of this study was tateenducible transgenic melanoma mouse

models to investigate the role of genes relatddutnan melanoma development.

1. Oncogenic N-Ra5§% was chosen to generate melanoma mouse model leeitasishe
allele often mutated in human melanoma rather thalele which is less mutated in

human melanoma but often used to generate moussmomea models by other groups.

2. PTEN TSG was introduced into this model to teshi§ TSG was able to promote N-
Ras triggered tumourigenesis, based on its rolanglanoma progression and in
pathological development revealed by the otheristudPTEN is the second most
abnormal TSG after CDKN2A in melanoma, yet its ireonent in melanoma has not
been relatively well studied in the few models ttednor its functional role(s) well

detailed.

3. The role(s) of inducible N-R¥¥* expression and/or PTEN function loss specificaily

melanocyte during the melanoma development wilhlgestigated.

4. Technically it became necessary to optimize then@ry mouse melanocyte culture
method for the identification of transgenic expegssand ideally the method should
allow melanocytes to grow for extended periods authspontaneous transformation,

which was necessary for the development aharitro transformation analysis.

5. Finally, the regulation of keratinocyte disruptiom melanoma development will be
studied in this inducible gene-switch model to asswhether and how does the

microenvironment (keratinocytes) of melanocyte @fanelanoma development.
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Chapter 2: Materials and Methods
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2.1. Materials

2.1.1. Cloning reagents

2.1.1.1. Plasmids

1.

Phagemid vector pBK-CMV to supply the CMV promoterd multiple cloning
sites (MCS) was obtained from Stratagene Europest&ram, Netherlands.
pBS302 plasmid suppliedloxP-StoploxP’ cassette was obtained from Life
Technologies, Inc.

Enhanced Green Fluorescent Protein (EGFP) DNA waf@m pEGFP-1 plasmid
purchased from Clontech (Takara Bio), USA.

Plasmids containing, CrePR1 or generic intron imdiglly were generously
supplied by Dennis Roop, Bayler College of MediciHeuston, USA.

pSL1180 plasmid to provide extra MCS was purchdsmd Pharmacia (now G.E.
Healthcare);

Tyrosinase, Trp2 and the tyrosinase enhancer, N*Ragere generous gifts from

Paul Overbeek, Baylor College and Frederich Beemm@witzerland respectively.

2.1.1.2. Restriction Endonuclease

1.

2.

Enzymes from New England Biolabs: Afl Il, Apal.Asc |, Eag |, Nde I, Nsi |
Enzymes from Promega, UK: Apa |, Ava |, BamH I, BclCla |, Hpa Il, Nhe |,
Not I, Sal I, Sma |, Ssp I, Xba |

Enzymes from Invitrogen, Paisley, UK: Bgl Il, ECAREcoR V, Hind Ill, Kpn I,

Pstl, Pvu ll, Sca |, Spe I, Sph I, Sst | and Xho |

2.1.1.3. Other Cloning Enzymes

DNA polymerase | large (Klenow) Fragment and Caltestinal Alkaline Phosphate

(CIAP) were from Promega, UK; T4 DNA Ligase and DAA Polymerase were from
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Invitrogen, UK.

2.1.1.4. Other cloning materials

Ampicillin, Kanamycin, Select peptone, Yeast ExtraBelect Agar and Agarose were
purchased from Sigma, UK; 1Kb+ DNA marker; Stabahid DH® competent cells were

from Invitrogen, UK.

Gel electrophoresis tanks, tray, comb and poweplggpwere purchased from Bio-Rad,

UK.

2.1.2. Cell culture materials

2.1.2.1. Reagents

Fugene-6 transfection reagent obtained from Roché #11815091001); L-Glutamine,
Penicillin/Streptomycin, Phosphate buffered salR8S) without C& and 2.5% trypsin
were from Invitrogen; basic fibroblast growth factb—-FGF, F9786), alpha- Melanocyte
Stimulating Hormone(-MSH, M7909), Chelex 100 sodium form (C7901), MeBfpne
(Ru486, M8046), G418 (A1720), Sodium orthovanad@egVO4, S-6508) N°2'-O-
dibutyryladenosine 3,5-cyclic monophosphaibcAMP, D0627), 12-O-tetradecanoyl

phorbol-13-acetate (TPA, P8139), ethanol, dimegwfoxide (DMSO ) were obtained

from Sigma. All other chemicals were purchased ffrister Scientific.

2.1.2.2. Tissue Culture Media

1. DMEM (Dulbecco’s Modified Eagle Medium) and Hank12, foetal calf serum (FCS)
and normal horse serum were purchased from In&trog

2. KBM without C&* plus component additives including: 0.5ml Insu{zc-4021E),
0.5ml rhEGF (cc-4015E), 0.5ml GA-1000 (cc-4081E)5ndl Hydrocortisone (cc-

4031E) and 2.0ml BPE (cc-4002E) per 500mlI KGM weuechased from Cambrex,
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UK

3. The in house designed 50/50 medium for primarguse melanocyte culture
comprised: 50% of DMEM supplemented with 10% cheteXCS (prepared by
treating FCS with Chelex 100 sodium form followinganufacture’s instruction to
remove calcium) and 50% KGM with additions of cafnito 0.05mM C#&, 10ng/ml
TPA and 1ng/ml b-FGF.

4. Halaban’s medium for melanocytes culture cosgai Ham’s F12, 7% horse serum

plus 2% FCS, 50ng/ml TPA, 5.0x 18 dbcAMP and 1.0M NagVO..

2.1.2.3. Cell lines

The B16F1 melanoma cell line was obtained from Hert, London and originally

established by Isaiah J. Fidler, MD Anderson Ca@mnrtre, Houston TX.

2.1.3. Other molecular materials

2.1.3.1. PCR and RT-PCR reagents

Taq DNA polymerasél Cancer Research UK;

dNTPsO Roche diagnostics;

10x PCR buffer (500mM KCI, 100mM Tris pH 9.0, 1%tdn X-100, 15mM MgCJ) and
6x DNA loading buffer (30% glycerol, 0.25% bromopbéblue, 0.25% xylene cyanol FF)

were prepared in house.

2.1.3.2. Molecular Biology Kits

From Qiagen Ltd: DNeasy tissue kit (#69504), RNeasyi kit (#74104), Qiaquick PCR
purification kit (#28104), Qiaquick Gel extracti@it (#28704), QIAREP Spin miniprep kit
(#27104), QIAFILTER Plasmid max kit (#12262) and diBfree plasmid mega kit
(#12362).

Stratagene: Absolute RNA mini (#400800)
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Amersham Biosciences: First Strand cDNA syntheii§#27-9261-01),

2.1.4. Immunohistochemistry and histology reagents

2.1.4.1. Antibodies

Santa Cruz Biotechnology: goat anti-Trp2, goai-Kiitand goat anti-SCF.

RDI Research Diagnostics Inc: rabbit anti-K1 anthga pig anti-K14.

Vector Laboratories: Biotinylated anti-goat IgGetmylated anti-rabbit IgG, biotinylated
anti-guinea pig 1gG, Texas red avidin, Fluorescauidin D, Texas red anti-goat IgG,
Texas red anti-rabbit IgG, Texas red anti-guineg PG, Fluorescein anti-goat IgG,
Fluorescein anti-rabbit IgG and Fluorescein antiga pig 1gG.

Cell signal technology: anti-caspase-3 and anipases-9.

2.4.1.2. Other reagents

Normal horse/goat sera are from Invitrogen, PajslH;
PBS, Xylene, Ethanol, Haematoxylin, Eosin are fiféisher Sciences.

PermaFlor, slides and cover slips are from BDH.
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2.2. Methods

2.2.1. Primary Cell Culture

2.2.1.1 Primary melanocyte culture

Mouse melanocytes were isolated from neonates ter khan 48 hours old when
melanoblasts are still proliferative prior to thenigration to the hair follicle papillae
because later the newly developing follicles make dermis and epidermis difficult to
separate leading to fibroblast contaminations. Newlbmice were killed by injection of
urethane under PPL 60/2929, Schedule 1. The deeel were soaked in 70% ethanol to
sterilize and the skin was carefully separated fibi mouse body using scissors and
tweezers. Following classical protocol, entire skiais stretched on the cover of a 60-mm
dish to dry for a few minutes to prevent curlingemhfloating on trypsin which inhibits
separation of epidermis and dermis resulting inrdased numbers of contaminating
fibroblasts (448). The skin was taken off the didhand floated dermal side down on 5ml
of 0.25% sterile trypsin, overnight af@ The following day the epidermis was then
stripped off the dermis and epidermal cells (katytes and melanocytes) isolated from
the cornified layer by gently rocking for approximlg 15 minutes in 15ml Falcon tubes,
containing 13ml DMEM medium with normal 10% FCS. Saparate cornified layer debris
from epidermal cells, the cell suspension wasréliethrough sterile gauze. Cells were then
centrifuged for 3 minutes at 1000 rpm and cell gisllwere gently resuspended in 5ml
50/50 medium at 5 x £&ells/60mm dish. Medium was changed 24 hours tateemove
dead/differentiated cells and primary cells weretkie culture for 3-4 weeks by which
time keratinocytes had differentiated, leaving metgites for either transfection or

required analysis, with medium changes every 3y$.da

2.2.1.2. Primary melanocyte culture in Halaban muedi

Epidermal cell pellets isolated from new born mias described above were also
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resuspended in Halaban medium (449) comprised of'$1&12, 7% horse serum plus 2%
FCS, 50ng/ml TPA, 5.0 x 1™ dbcAMP and 1.0M NagVO,, and plated at 5 x £0cell
per dish as did for cells in 50/50 medium. Cellsev@ashed with PBS at 24 hours post

plating to remove any dead cells/debris and thplace medium twice weekly as above.

2.2.1.3. Primary keratinocyte culture

To isolate primary transgenic keratinocytes, newk¢t4Cre/N-Ra%*!

skin was prepared
as described above and following successful genmadymvhich had been performed within
24 hours by PCR (see below), appropriate transggmisermis were pooled and primary
keratinocytes plated at 5 x °l6ells per 60mm dish in low Eamedium (DMEM, 10%
chelexed FCS, 0.05mM &3 The following day, cells were washed with PBSdmove
dead and differentiating cells prior to adding fresedium with or without I8M Ru486.

Cells were harvested 4 days later for analysis b4®e mediated N-R¥¥* transgene

expression by RT-PCR.
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2.2.2 Cloning of the transgenes

2.2.2.1. Restriction endonuclease digestion

For general DNA purification purposes,ich DNA was digested in a 0 total volume
including: 1-2ul of enzyme and 1x buffer (diluted from 10x stocif)ecified by the
manufacture for each enzyme for 2 hours 4€3@xcept: Sfi 1 at 5€, Smal at Z& and
Sml 1 at 58C according to the manufacture’'s protocol), followby agarose gel
electrophoresis and Qiaquick gel purification tolase the required DNA fragments.
Where a second digestion was necessary, the satectation of reaction buffer was
adjusted by adding more sodium (or potassium) aéoto create the working conditions
for the second endonuclease enzyme or the DNA sawgd purified using Qiaquick PCR
purification kit following the manufacture’s institions followed by the second restriction

endonuclease digestion.

For general diagnostic cloning purposeg) df Qiaquick miniprep kit isolated DNA
solution, together with | of 10x specific enzyme buffer and fl5enzyme was diluted
with dH,O to 2Qul total volume and incubated at°&7 (occasionally at other temperatures)

for one hour followed by running a 0.8% agarose gyl the DNA migration pattern

analysed to identify correct colonies.

2.2.2.2. Blunt end DNA digestion

3’ overhanging DNA was blunt ended by T4 DNA polyase following the manufacture’s
protocol. Briefly, 219 restriction endonuclease digested DNAI| Buffer, 1.Qul T4 DNA
polymerase, 0j& of 25mM dNTPs (to make 1@®/ final concentration) was diluted with
dH,O to 5Qul and incubated at 3T for 5 minutes to blunt the ends, the reactiopstal by
adding 21l of 0.5M EDTA and then DNA purified using Qiaqui€CR purification kit (as
above). The eluted blunt end DNA fragment was tlexly for further digestion or ligation

as required.
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To generate blunt ends from a 5’ overhanging DNAIADpolymerase | large (Klenow)
fragment was employed following the manufacture&nuctions. Briefly, 1-4g restriction
endonuclease digested 5 overhanging DNAYJ Eeaction buffer and 1 unit Klenow
fragment per microgram of DNA were incubated irotlt volume of 50l for 10 minutes
at room temperature, followed by heating al%or 10 minutes to stop the reaction and

DNA fragments purified as described above for thiesequent experiments.

2.2.2.3. Dephosphorylation of DNA fragment

To significantly reduce the ligation backgrounddigpping the self-ligation of the vector,
DNA dephosphorylation was occasionally necessasljowing manufacture's instructions,
up to 10pmol of DNA (fig of 10-Kb DNA = 0.152pmol), | of 10x CIAP reaction buffer,
0.05 unit CIAP and dpO added to 50, was incubated for 15 min at %7 and then 5%
for another 15 min. A second aliquot of CIAP wasled into the reaction mixture and
incubation repeated at both temperatures. To stepréaction, 30@ CIAP stop buffer
(10mM Tris-Cl, pH 7.5; 1mM EDTA, pH 7.5; 200mM Na@hd 0.5% SDS) was added
and followed by DNA purification as described aboR@&lA is ready for ligation or further

digestion as required.

2.2.2.4. Ligation and transformation

Following successful isolation and preparation athbinsert and vector, the two fragments
were ligated using T4 DNA ligase following manufaet's instructions. A total of 100
femtomol (fmol) of DNA at 3:1 (molar) ratio of indevector, 2u of 5x ligation buffer,
0.2pul T4 DNA ligase (1 unit) and d}®© was added to 10, mixed and incubated overnight

at 16C to obtain maximum ligation efficiency.

Plasmid DNA was prepared and screened for coresttmbination, via transformation of

the ligated DNA into competent bacterial cellqul 2vernight ligation mixture was
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transferred into 50-1Q0 of Stabl 1l cells for enhanced tyrosinase (Sthlvas developed
to stabilize DNA sequences containing many singfgeats, which exist in the tyrosinase
enhancer) or more generally into DitlBomptent cells. The mixture incubated on ice for
30 minutes followed by a 42 shock for 45 second and immediate transfer totdce
incubate for a further 2 minutes. Following additimf 0.9ml SOC medium, the
transformed cells were incubated al@7or 1 hour in a shaking bath and 0.1ml culture
medium was spread onto LB-agar plates containir@ud/nl Ampicillin or Kanamycin
depending on the antibiotic selection gene in tlasmid construct. Plates were incubated

overnight at 3%C for production of colonies.

2.2.2.5. Colony screening

Single colonies obtained above were picked andsteared into 5ml LB medium
containing either 1Q@y/ml Ampicillin or Kanamycin and grown overnight rfdNA
preparation using a Qiaquick Miniprep kit. Brieflgglls were harvested by centrifugation
at 1000 rpm for 10 minutes, and resuspended inebdl followed by alkaline lysis in
buffer P2 and neutralized by adding buffer P3 whgkcipitated protein. Precipitated
protein was removed by centrifugation for 10 misué 13000 rpm, and the suspension
containing plasmid DNA was loaded onto columns aedtrifuged for 1 minute at
maximum speed to combine DNA with silica membraRétrate was discarded and
washing buffer was loaded into the column to remea#ts and endonucleases by
centrifugation at maximum speed. Plasmid DNA wasalfy eluted from column

membrane by adding f0dH,O and centrifugation at maximum speed for 1 minute.

Eluted purified DNA was digested by a series ofgd@stic endonuclease restriction
enzymes. Following agarose gel electrophoresigecbrecombinants were identified by
comparing patterns of DNA gel migration with theedhetical map of vector DNA

fragments with correct insertion. The colonies wesafirmed by sequencing to prove that
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no mutations had occurred during the cloning preces

2.2.2.6. Melanocyte-specific requlator transgengstoction

The regulator is based on the backbone of plas@r@PR1 which was generous supplied
by Professor Dennis Roop (Bayler College of MediciHouston, USA) in which fusion
protein CrePR1 expression is driven by the HSV Tidnmter (440). To express the
CrePRL1 fusion protein exclusively in melanocyteseahanced tyrosinase promoter (Etyr)
replaced the generic HSV TK promoter. This Etyr nppoter had been previously
constructed in the creation of Etyr.p65, a non-e&eed regulator transgene (ForrowetS
al; unpublished) by cloning a 200 bp SSP1 fragmerdroipstream enhancer located at
12kb upstream of the mouse tyrosinase gene (45®piplasmid vector containing a 1.3kb
fragment of 5° mouse tyrosinase promoter sequedbd)( The Etyr was released from
Etyr.p65 and subcloned into pCrePR1 at the Pst1Bghdl sites via shuttling through a

pSL1180 plasmid to create the EtyrCrePR1 regutadmsgene (See results section 3.1.1).

To further increase gene expression in transgeime,na final version of this tyrosinase
vector was designed to include a generic introricivivas not in the EtyrCrePR1 (ECre)
and increases message stability and efficient pedeg (452;453). To amplify this generic
intron from pCrePR1 for multiple cloning purpostgp primers were designed:

Fwd: 5-CTCCTCTAACTAG RGCTTTAAATTTGC-3'
Spe |

Rev: 5-TTAACAACTGGTACO CTTGAACTATAG-3'
Kpn |
to produce 5' Spe | and 3'Kpn | sites to facilitatening into ECre, as the 5’ Spe | site of
generic intron was compatible to the Nhe | sitettid ECre transgene; whilst a Kpn |
digested generic intron was blunt ended at 3’ byDNA polymerase and ligated to Bgl Il
digested and polymerase | fragment blunt ended EpGremid DNA. This final version
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was named EICre and released for microinjectionNioy | digestion of plasmid DNA

followed by recovery of a 5.6-kb DNA fragment.

Tyrosinase related protein 2 (TRP2), a promotercivhis cited to be stronger than
tyrosinase and possibly expressed in melanoblash stells (53), was also cloned by
replacing the Etyr promoter of EICre vector to proel another melanocyte specific
regulator TRP2Cre. It was envisaged that CrePREedrby the TRP2 promoter would give
a stronger and wider window of CrePRI expressiotransgenic mouse melanocyte. The
TRP2Cre regulator was cloned by cutting plasmid ZHRFA) (Paul Overbeek, Baylor

College of Medicine, Houston, USA) (454) with EcoRand Not | to discard the vector

p(A). The discarded vector p(A) in TRP2-p(A) wasrihreplaced by the Intron-CrePR1-
p(A) fragment excised from EICre (described abdedpwing digestion of Kpnl/blunt

ending and Not | (they are compatible to the EcoRnd Not | sites of TRP2 fragment
obtained from TRP2-p(A) respectively). As descriladdve for EICre, successful colonies
were identified by diagnostic restriction enzymealgsis and the transgene DNA

sequenced to assure no additional mutations haerari

2.2.2.7. Construction of transgenic target vectors

To test the flox-Cre based conditional gene-swigstem in cultured melanocytes prior to
transgenic production, a Cre responsive targebvecntaining EGFP report sequence was
created by excising thioxP-StoptoxP' cassette from plasmid pBS302 (Gibco, NCBI data
base U51223/Gl: 1277147), which contained ser@ sbdes flanked by twddxP’ sites
(428,;429), via digestion of Spe | and EcoR |. TRIg-Stop' fragment was then cloned into
plasmid pEGFP-N1 (Clontech, US: Gene Bank accessbau U55762/Gl: 1377911),
which expresses EGFP downstream of the CMV prombierligating with double
digestion of Nhe | and EcoR | to make ends compatbth the ‘FIx-Stop’ fragment (Nhe

| to Spe | at 5" and EcoR | at 3’ respectively).
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The resulting vector was further modified by ingertof the generic intron between 'Flx-
Stop' cassette and EGFP protein via digestion & §p') and Kpn I(3") to create
cmv.stop.EGFP. This target gene remains silent Rod86 activation of a Cre regulator to
evict the floxed ‘Stop’ cassette between CMV proenand EGFP gene. The successful
cloning was screened and identified as describeavealvia diagnostic digestion and

sequencing.

To construct the oncogenic target transgene cnpuistRad™®’, the mutant form of N-Ras
was released from a tk-N-R48" plasmid (originally constructed by replacing the TA
report sequence from tk.CAT (455) with human NR&xDNA cloned from the HT1080
fibrosarcoma cell line (160)), via sequential digwss by Spe |, blunt ending using DNA
polymerase | large fragment (Klenow) and Apa |I. parallel, report target vector
cmv.stop.EGFP was sequentially cut with Not I, blended by Klenow fragment and
digestion of Apa | to remove the EGFP sequence.tiwbefragments, N-R4&* (blunt Spe
I/Apa 1) and cmv-stop-intron (blunt Not I/Apa I) veeligated overnight at 26 followed

by transformation, cell amplification and colonyninpreparation. To identify successful
construction, cmv.stop.N-R&8 vector DNA was analysed by diagnostic restriction

enzyme digestions and sequencing as above.
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2.2.3. Transgenic line production

2.2.3.1. Transgene DNA preparation

Following successful construction of the regulaad target vector, endotoxin free DNA
was prepared to minimize the potential toxicityDifIA and maximise surviving embryos
following pro-nucleus microinjection, employing th®iagen Endofree plasmid kit

following manufacture’s instructions.

To obtain the EICre transgene regulator sequence6&b band was recovered from
agarose gel following Not | digestion of the ElQegulator vector and purified using
QiaQuick gel purification kit following manufactuseinstructions. Similarly, following
Nsi | and partial Afl Il digestions, a 3.5kb oncogetarget cmv.stop.N-R%i?ltransgene
was cut from the agarose gel and purified. Transd@®dA was eluted into embryo transfer

water (Sigma, #W1503).

Transgene DNA concentrations were determined byningn various volumes of gel
purified transgene DNA through a 0.8% agarose gelnst a series amount of certain
DNA marker rather than quantification by UV speptiotometer given the low
concentrations of DNA employed. Transgene DNA whasnt diluted to the optimal
concentration of 1-2ngl in microinjection buffer (5mM Tris, pH7.4 and1linM EDTA)
and was further purified to remove any possibldigas which may interfere with pro-
nucleus microinjection by spinning centrifugatian18000 rpm through a Ultra free-MC
0.1uM filter (Millipore, USA). Following this additionlgpurification step, a second agarose
gel was run to confirm the concentration and qualie. no DNA degradation of transgene

for pro-nucleus microinjection.
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2.2.3.2 Transgenic mouse production

The transgenic lines were produced following thpidgl transgenic mice production
procedures (456) and all procedures were perforimexntral research facility (CRF) in

the Glasgow University under Project licence 60288d personnel licence 60/8633.

Briefly, following the preparation of regulator B and target stop.N-R48! transgene
DNAs as described above, f#2transgene DNA solution was microinjected into one
pronuclei cell harvested from mice 22-23 hours rafseiperovulation. To induce
superovulation, 5 IU PMS (pregnant mare’s serummimic follicle-stimulating hormone
(FSH)), was intraperitoneally injected into a B6/BR2 mouse followed by injection of 5 1U
hCG (human chorionic gonadotropin to mimic luteimgzhormone (LH)), with an interval
of 46-47 hours. The female was placed in cage avgtud mouse after the injection of hCG
and was checked for a copulation plug the next mgrbefore harvesting. Microinjected
embryos were implanted into pseudopregnant micergéed by mating of an ICR females
and a sterile male (vasectomized), which was seilewh mating was setting for

superovulating as described above.

Following the birth of transgenic pups, tail tipen removed from 5-6 weeks old mice to
isolate DNA for PCR genotyping (described belowid @ositive founders were bred with

normal C57BL mouse to identify germline transmgtand transgenic expressers.

Following identification of germline transmittersansgenic neonates were produced by
crossing transgenic founders with normal C57BLItam primary cultured melanocytes to
be used for identification of transgenic expressérs identify regulator expressers,
primary cultured pure transgenic melanocytes wexevdsted directly and assessed for
regulator activity, cmv.stop.EGFP DNA was transéecand cells were treated with N

Ru486 and RNA isolated using an absolutely RNA (kat #400800, Stratagene UK)
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followed by RT-PCR analysis or assessment for pesireen cells, as described below.
The target line (cmv.stop.N-R48Y) expresser identification was assessed in bigenic
K14Cre/N-Ra¥! keratinocyte via RNA isolation and RT-PCR emplayinvell
characterized K14Cre regulator to avoid difficudtief primary melanocyte culture and

transfection.

2.2.3.3. Tail cutting and genomic DNA isolation

5-6 week-old weaned mice were briefly anaesthetiee@move approximately 3-4mm of
tail tip and the wound was cauterised. Tissue wgsested in 400l of DNA extraction
buffer (50mM Tris/HCI pH 8.0, 100mM EDTA pH 8.0, @M NacCl, 1% SDS and
200ug/ml fresh proteinase K) in an eppendorf tube diC56vernight. To isolate tail
genomic DNA, tail lysates were centrifuged for 1thates at maximum speed to remove
tissue debris and degraded protein and the supetnatas transferred into a new
eppendorf tube containing an equal volume of alsobthanol to precipitate genomic
DNA. Cluster DNA was picked by gently stirring gptte tip and DNA was left dry in air
for 1-2 minutes to evaporate any residual ethanutchv may interfere in the following
reaction. Tail DNA was then transferred into a reppendorf tube containing 4@0dH,O

to dissolve. To ensure DNA was dissolved propeDWA solution was left at room

temperature or at 86 overnight.

2.2.4. Genotyping and identification of excised “fxed” sequences in target transgenes

Generally, 1l of tail DNA solution was used as a template i5ul reaction volume
containing 0.5M reverse and forward primers specific for eachdgene (Table 1), 2mM
Mg**, 0.25mM dNTPs and 1 unit Taq polymerase in ay2®LR tube. PCR programmes
for each transgene were pre-optimized by gradi€R Rsing plasmid DNA (equal to 1
copy of transgene in 100ng mouse genomic DNA) tterd@ne suitable annealing
temperature for each individual primer pairs. Thhegpammes for each transgene are:
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initial DNA denature for 2 minutes at 45, 30 cycles of 30 second at’@5denature, 30
second annealing at 8D (K14Cre, EICre), or 45 second a63(cmv.stop.N-Ra5®Y), or
60 second at 6€ (PTEN) and extension for 45 second (K14Cre, ElGed
cmv.stop.NRd%$®Y or 90 second (PTEN) at %2, with a final extension cycle at % for
10 minutes. This gave the following transgene gmebiands: 410-bp K14Cre, 500-bp
EICre, 850-bp N-R&5%! and PTEN products were 1.1-kb (floxed), 0.9-kbldwiype) or

1.1-kb plus 0.9-kb (heterozygote) respectively.

To PCR DNA from tissues to identify excision ofXtx sequence following application of
Ru486 and resultant activation of CrePRI fusiontgirgp DNA was isolated using Qiagen
DNeasy tissue kit following the manufacture’s instrons and a hot start PCR programme
was employed given the difficulty of the productetgion. PCR programme was run at

59°C for 60 seconds annealing,"2for 60 seconds extension.
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Table 1: Oligos used in PCR analysis

Name Genotyping for Sequences

K14Cre.fwd K14CrePR1 TCATTTGGAACGCCCACT
K14Cre.rev K14CrePR1 GATCCGAATAACTACCTGTTTTG
PTEN.fwd PTEN knockout ACTCAAGGCAGGGATGAGC
PTEN.rev PTEN knockout GTCATCTTCACTTAGCCATTGG
Rosa.fwd Rosa26 AAAGTCGCTCTGAGTTGTTAT
Rosa.rev Rosa26 CGAAGAGTTTGTCCTCAAC

P1 and P76 N-R&¥*forward | CTAGAATTCCATCAAGCTTAGGA
P2 N-Ra¥*'forward | CTAGAATTCGCTGTCTGCG
P3and P 28 N-R&reverse TCGCCTGTCCTCATGTATTG
ECre.fwd ECre (p29) ATTGGTGCAGATTTTGTATG
ECre.rev ECre(p72) CATCTTCAGGTTCTGCGG

P42 cmv.stop.N-Ras ACACCACAGAAGTAAGGTTCCT
P61 cmv.stop.N-Ras CAGAAAACAAGTGGTTATAGATGG
P62 cmv.stop.N-Ras TCCCACTAGCACCATAGGTAC
P66 cmv.stop.N-Ras TAAATCTGTCCAAAGCAGAGG
P67 cmv.stop.N-Ras AAATGTGGTATGGCTGATTATG
P75 cmv.stop.N-Ras GTTTAGTGAACCGTCAGATCC
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2.2.5. RNA isolation and RT-PCR to confirm transgeaexpression

RNA was isolated from cells and tissue using arolaibs RNA mini kit following the
manufacturer’'s instructions. Transfected cells wé@vested by trypsinisation and
centrifugation for 5 minutes at 1000 rpm to obte@H pellet and tissues were homogenised
using motor-pestle. Briefly, harvested cell petlethomogenised tissues were resuspended
in 35Qul lysis buffer containing freshiif/ml B-mercaptoethanol. Lysate was spun down
through a pre-filter column to remove debris, fitd was recovered to precipitate RNA by
adding an equal volume of absolute ethanol andahéion was gently mixed by inverting
the tube. The mixture was loaded onto an RNA-bigdiolumn followed by pre-washing,
DNase digestion and final-washing steps. RNA waallfiy eluted in a various volumes of
RNase-free water depending on the number of cetisnfally 20-5@I for 2x10-1x1C°

cells) to obtain about 1mg/ml concentration of RNA.

Reverse Transcription (RT) was carried out immedlyahfter RNA isolation to avoid any
degradation using a First-strand cDNA synthesiddlbwing manufacture’s instructions
(#27-9261-01, Amersham-Pharmacia Biotech, UK). Brie8ul eluted RNA was
denatured at 8& for 10 minutes, chilled in ice for 2 minutesul bf 0.2ug/ml of oligo-
d(T)n, Iul DTT and 9ul Bulk buffer (reverse transcriptase, dNTPs andctiea buffer
mixture) were added followed by one hour incuba@n8PC creating the cDNA for the

following PCR amplification.

In a 20Qul PCR tube, ful of RT product from above was used. Each PCR i@achixture
contained 2mM Mg, 0.5uM reverse and forward primers, 0.25mM dNTPs andif Taq
DNA polymerase and total volume was adjusted tpl 28ing dHO. PCR was run 35
cycles at annealing temperature of®257C and 51C for N-Ra¥**%, EGFP and regulator

EICre expression analysis respectively.
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2.2.6. Transfection

The B16 melanoma cell line and regulator primaansgenic melanocytes were employed
to confirm biological activity of regulators andgat vectors following successful cloning
and to identify transgenic expressing founders randfection experiments. Regulators
and/or target constructs were (co-)transfected Bit6 cells to identify functional gene
switch prior to transgenic production. To confiregulator transgene expressianvitro
prior to the breeding to produce oncogenic phena@meregulator primary melanocytes
from transgenic mice were transfected with the reddNA employing Fugene-6
transfection reagent. This carrier was identifisdtlae best transfection reagent for both
melanocyte cell line and primary cells in experitsetmat compared other DNA delivery
vehicles (Lipofectin, Lipofectamine, Transit, calgi phosphate) which gave either higher

toxicity and/or lower transfection efficiency.

2.2.6.1 Transfection of B16 cells

Routinely, B16 melanoma cells were cultured in mial essential medium (MEM)/10%
FCS and medium changed every 3-4 days. Theseveats split weekly and plated at 1:50
approximately 2x10cells/60mm dishin normal culture to avoid confluence as, once

confluent, B16 cells die quickly.

Employing cmv-EGFP plasmid DNA as a transfectioiiceincy positive control and co-
transfection of pCrePRI DNA (CrePRI expression uncentrol of the generic HSV tk
promoter to allow CrePRI to express in all celtgdther with cmv.stop.EGFP plasmid as
gene switch positive controls, 24 hours prior sm#fection, B16 cells were trypsinized and
seeded at 1 x £er 60mm dish. Fugene-6 transfection reagent waslayed following
the manufacturer’s instructions, finding the ratib 3:1 or 3:2 (for co-transfection) of
Fugene-6 reagent to DNA {6 Fugene-6:2ug/or 2ug + 2ug DNA of cotransfection) as

optimum.
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The transfection was carried out as follows: dl06f serum free MEM medium was
aliquoted into a Nunc cryovial subsequently followsy adding il of Fugene-6 reagent,
tapping the tube briefly to mix the solutions amifliag up to fig endotoxin free plasmid
DNA (e.g. 4ug of each for EICre and cmv.stop.EGFP for co-tractsdn). The mixture was
incubated at room temperature for 30 minutes tonfoeagent-DNA complex and added
dropwise onto dish and the dish swirled slowly lova an even mix of the reagent-DNA
complex on the cells. Following overnight incubatiaells were washed and fed with
medium containing I8M Ru486 to activate the CrePRI fusion recombinase t
subsequently excise the ‘Stop’ cassette of thestargctor to express target genes or the
medium without Ru486 in control dishes. For re@sdays, transfected cells were assessed
for fluorescent green cells 48-72 hours after fiestoon of cmv.stop.EGFP or 96-120
hours after co-transfection of regulator and tatgehsgenes DNA under a fluorescence

microscope, counted and photographed.

2.2.6.2. Primary melanocytes transfection

Primary melanocytes cultured in 50/50 or Halabadioma were washed twice with PBS to
remove dead cells and fed with fresh medium 24 fiquior to transfection. Employing
cmv-EGFP as a positive transfection control andep®1 as a regulator positive control,
regulator (EICre or TRP2Cre) or target (cmv.stof=PGor cmv.stop.N-R&&Y DNAs
were (co)transfected with Fugene-6 as describedeatnw B16 cells. The fluorescent green
cells (EGFP transfection) were viewed under a #soence microscope 3 days (cmv-
EGFP) or 4-5 days (regulator/target cotransfecteomd cmv.stop.EGFP transfected
regulator primary melanocytes) post transfectiogpeetively and then harvested for
confirmation of EGFP expression by RT-PCR. Parailehsfected target (cmv.stop.N-
Ra¥*®!, PTEN)cells were left in culture for EGFP cell prolifdmat or G418 selection in

colony formation analysis.
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2.2.7 Transformation of primary melanocytes and calny formation analysis

Co-transfection of TRP2Cre with cmv.stop.EGFP od&4esistant vector CMV-neo into

target ASPTEN™™ and/or cmv.stop.NR4®Y transgenic primary melanocytes cultured in
50/50 medium were carried out as described abovihelse co-transfections, DNA ratio of
3 (TRP2Cre) to 1 (cmv.stop.EGFP or CMV-neo) wasluseensure all green cells (EGFP
expression following ‘Stop’ excision by active TREY2) or G418 resistant N-R48&"

expressing cells (neomycin expression) transfestemitaining TRP2Cre regulator.

In the “green” colony formation assay, transfecteelanocytes were left for continuous
culture until the colony formed and cells were deecdaily 4 days post-transfection under
a fluorescence microscope for EGFP expression. 448G esistant experiment, initially
various concentrations of G418 (20-@0ml) were tested to optimize the G418
concentration for primary melanocyte colony setatiprior to transfection and 2Q@/ml

of G418 was optimized to select colonies due toni@mum toxicity for cell growth and
selective pressure for colony formation. G418 waded 24 hours after transfection and

then routinely employed until the end of experiment

2.2.8. Importation of K14CrePR1 andASPTEN™™ mice

K14CrePR1 positive control mice (developed by DsnRoop, Bayler College of
Medicine, Houston, TX ) and mice expressing PTEMNe5 flanked by IoxP’ sites
(floxed) (Hong Wu, UCLA School of Medicine, CA) werimported from USA under
licence and strict Home Office regulations. Followirabies quarantine and re-derivation
by embryo transfer in class Il hoods, and screeningentinel mice to prevent import of
diseases, quarantined transgenic mouse tails wr@ class Il hoods following regulate
procedures and genotyped via PCR. Using PCR pesttice, a typical mating was set to
establish the colonies. Generally, the male wasovewoh from the breeding cage once

pregnancy was confirmed and pregnant females veparated, and neonates checked for
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phenotype (if any). Mice were weaned at 4-5 weeks,tagged and the tails were cut for
genotyping 1-2 weeks after weaning depending orsibe Negative mice were recorded
and culled under PPL schedule 1 and positive piegewmere kept for breeding or source of

melanocytes or keratinocytes.

2.2.9. Immunofluorescence staining

2.2.9.1. Preparation of Samples

(i) Induction of adult melanocyte growth vivo: Mice were briefly anaesthetized and back

hair was plucked with tweezers to start the anggesmse of the hair cycle and begin
melanocyte proliferation. At this time (day 0) genduction procedure was commenced by
topical application of 18M Ru486 in ethanol. Skin biopsies (5 x 3mm) weletaat each
required time point from the mice on procedure anwll wound sealed by wound clips
which were taken off within 1-2 weeks. Biopsy saegpere immediately fixed in 10%
buffered formalin for 24 hours a@, embedded in paraffin anqu# thickness sections

were cut for immunofluorescence analysis.

(i) Phenotypic samplesPhenotypic mice were killed by Schedule 1 methodsl

immediately post-mortem, phenotypic site(s) welgbied, a portion was frozen in liquid
nitrogen and the other was placed into formalindotution immediately for 24 hours at
4°C, embedded in paraffin and 446 thickness sections were cut for immunofluoreseenc

analysis.

2.2.9.2. Immunofluorescence analysis

Paraffin sections were incubated for 30 min afG@Gnd subsequently followed by
immersion in xylene to remove paraffin wax, immersin a series of decreasing ethanol
concentrations for 3 min to rehydrate. Antigeniestl was performed as follows: pre-

warm 1 litre citrate buffer (18ml of solution A:@9 citric acid in 500ml dkD and 82 ml of
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solution B: 14.7g Tris-sodium citrate in 500ml fHand made up to one litre with gbj
for 4 minutes at full power of 800W microwave. Thections were immersed in this
solution and transferred to a pressure cooker aod pressurised, the sections were boiled

for further 7 minutes.

After 20 minutes cooling, slides were removed amunersed in PBS. Sections were
blocked in 20% normal horse serum for 15 minutdevieed by incubation overnight at
4°C with primary antibodies which were diluted to tmeanufacture recommended
concentration in 10% normal horse serum. To hiditlipe epidermis and follicles when
staining for melanocytes via endogenous TRP2 exmesa K14 primary antibody was
normally added. The following day, sections wereulmated for 45 minutes with
biotinylated horse anti-species of the primarylaody (1: 100 diluted in 10% normal horse
serum) and then by incubating in FITC or Texasamajugated avidin at room temperature
for a further 1 hour followed by 3x washes in PB®r double immunofluorescence
staining, biotinylated anti-species first antiboglgts employed for additional amplification
followed by Texas Red-conjugated avidin and folldviy incubation of FITC conjugated

the anti-second primary antibody before being medintith PermaFlor mountant.

2.2.10. Induction of melanocyte specific transgerexpressionin vivo

Prior to Ru486 treatment procedure, bigenic miceevebecked for the lack of spontaneous
phenotypes due to transgene insertion. To indugettdaransgene expression, anagen was
initiated by hair plucking using tweezers followley topical painting and intraperitoneally
injection at day 0. Typically, mice were painteddsva week with 18M Ru486 in ethanol
and injected with 0.4mg/kg Ru486 in sesame seedudlto its insolubility in water. The
mice on procedure were treated continuously umbiby samples were taken or the mice
were culled because of the phenotypes affecting apel harderian glands. Treated mice

were monitored weekly for checking of health coiodis and phenotype development.
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Chapter 3: Results

110



3.1. Cloning of the constructs

The creation of a conditional gene switch mouse ehadquires generation of two
transgenic lines containing the regulator and tahgéves, which are produced by micro-
injection of transgene DNA into pronucleus of o embryos. Typically the regulator
transgene is expressed from cell/tissue specibimpters giving the specificity necessary
for gene expressiomn vivo, while the target transgene is expressed from reerge
promoter. A regulator can express any one of sigagtombinases (see introduction) and
this approach employs the Cre recombinase, whictaires inactive in the cytoplasm until
application of inducer. The Cre recombinase wasstoated to the nucleus to switch on

the target transgene or eliminatkoeP flanked sequence following inducer application.

In this project, Cre recombinase (regulator) waseflwith progesterone ligand binding
domain to create fusion protein CrePR1 which ipoesible to application of Ru486 (an
analogue of natural progesterone) but not to enumge progesterone. By cloning of a
melanocyte-specific promoter (enhanced tyrosinas@rp2) in front of CrePR1 fusion
recombinase, the regulator should specifically egprin melanocytes but Cre remains
inactive until application of inducer Ru486. Theget half was constructed by cloning
report gene (EGFP) or oncogene (N-R%S under the control of generic promoter CMV
which lies downstream was followed by a floxed {8toassette, a Cre responsive element,
to silence target gene (EGFP, N-F4Y under normal, untreated conditions. In the
imported ASPTEN™™ mouse, floxed exon 5 of PTEN gene was responsi@é¢®R1 to
be ablated as ‘Stop’ cassette in our constructepttagenes in bigenic mouse (crossing of

regulator and target lines) by application of ineluRu486 (Fig 5).
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Melanocyte-specific gene switch system

Cre-PLBD

NUCLEAR
LOCALISATION

Cre-PLBD

cmv | [ 1o [IECEI 0P | | EGFP or N-Ras)ss!

________ -

Stop + | CMV | loxP | Active GFP or N-Ras!vs61

STOEIREENEINEL+ | loxP | Function lost gene

Figure 5: Scheme of the melanocyte-specific, prigese receptor-based Cre/loxP gene
switch. To achieve inducible melanocyte-specifi@anggene expression following
application of inducer Ru486, the PLBD (progesterdigand binding domain) of the
progesterone receptor was fused to Cre recombif@sePLBD) and this regulator
construct was expressed from an enhanced melangpgtafic Tyrosinase promoter
(EICre) or TRP2 (TRP2Cre). Thus following applicatiof inducer Ru486, the Cre-PLBD
fusion protein binds Ru486, dimerizes and transexcato the nucleus where Cre
recombinase is activated and subsequently actsitd gequences flanked HpxP sites
(floxed). Thus regulator and target lines are i@dreate complete gene switch. In the
resulting bigenic (trigenic/compound) mice, celludpecificity is provided by the regulator
promoter and the cell/tissue specific active Coongbinase either evicts a ‘Stop’ sequence
(stop- EGFP or stop-N-Ras) to activate target tyans expression or inactivate target gene
activity via loss of functional exons (e.g. PTEM)designed cell/tissue depending on the

‘floxed’ sequences within the target vector. Please see Fig 4.
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3.1.1. Reqgulators

As outlined in the methods, plasmid pEtyr-P65 ciomtg Etyr promoter, an enhanced
tyrosinase promoter, was cut with Asc | and Kpa bbtain Etyr promoter for cloning into
pSL1180, a vector harbouring multiple cloning sitefich was linearized by digestion
with the same enzymes Ascl and Kpnl to produceorgesL1180-Etyr (Fig 6) following
typical precedures for gene cloning as describechaterial and methods. The pSL1180-
Etyr construct therefore contains the cloning siteghe next step construction to result in

the regulator ECre (Fig 7).

Kpnl Bgl ll
Kpnl

pEtyr-P65
6471 bp

— pSL1180-Etyr
% 5866 bp

Enhancer

Enhancer

Ascl
Ascl

Figure 6: Construction of intermediate plasmid p82d-Etyr. Intermediate vector
pSL1180-Etyr was constructed to give convenienceSM$§pecific Pst 1 at 5" and Bgl Il at

3’ for this purpose) for further cloning of Etyrgmoter into pCrePRL1.
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Shuttle cloning of pSL1180-Etyr provided the Bgkite essential for insertion of the Etyr
promoter into pCrePR1 vector. To create the melgeegpecific regulator construct where
CrePRL1 fusion protein was under the control of Bigmoter, a fragment was cut from
pSL1180-Etyr by Pst | and Bgl Il enzymes which weatso employed to recover the
CrePR1 fusion gene from pCrePR1 and thus discaed HBV-tk general promoter.
Through ligation of Etyr and CrePR1 fragments aockening of positive colonies, the
regulator plasmid ECre was generated in which CleRRion gene was controlled by
melanocytes specific expression promoter Etyr (Figto limit target gene expression

exclusively in melanocytes.

Tyr. Pro.

pSL1180-Etyr
5866 bp

Enhancer

Pstl

NLS-Cre e o SV40-p(A)

NLS-Cre

PRO8L ETyr Pro

Pstl

Enhancer

pCrePR1
SV40-p(A)

6300 bp

Figure 7: ECre plasmid creation. ECre regulatoheut generic intron was cloned via
intermediate vector pSL1180-Etyr and pCrePR1. TheP@1 fusion gene was under

control of Etyr in the resulting vector ECre.
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To further increase gene expression, a final varsiothe enhanced tyrosinase vector was
designed to include a generic intron, which incesasnessage stability and efficient
processing thereby accumulating cytoplasmic RNA elevate gene expression in
transgenic mice (452;453). Thus, a generic intnrnfrom K14CrePR1 vector was inserted
into ECre between Etyr promoter and CrePR1 gendigaion of Nhel/Spel at 5’ and
Kpnl (blunt)/Bgl Il (blunt) at 3’ from ECre/generiatron respectively. The final version of
this regulator construct was named EICre. A 5.8xamsgene fragment can be obtained

following digestion of Not | (Fig 8).

PR981

NLS-Cre SV40-p(A)

Spel Bgl I
.|. e 1

7944 bp .
GenericIntron

Pstl

Enhancer

SV40-p(A)

]
Bylll 8238 bp

ETyr Pro IR Pstl

Enhancer

Figure 8: Construction of regulator EICre. Finatsien of regulator EICre was cloned by

insertion of generic intron into ECre.
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Another regulator was also constructed based orytiosinase related protein 2 (TRP2)
promoter, which is cited to be a stronger promatst possibly expressed in melanoblast
stem cells (288;454). The TRP2Cre regulator wasedoby cutting plasmid TRP2-p(A)
with EcoRV and Not | to discard the vector’s p(Ahieh to be replaced by Intron-CrePR1-
p(A) fragment excised from EICre by Kpnl/blunt ambt I. Following ligation,
transformation and screening of colonies as desdrib material and methods, successful
clones were sequenced to confirm the absence ddtimutwithin the junction of TRP2
promoter and Intron—CrePR1. A 4.62-kb fragmentahsgene was released following Afl

Il partial cut and Not | digestion for microinjeati into pro-nucleus (Fig 9)

SV40-p(A)

&F
NLS-Cre ,,";:(’ NOtl
%
4

SV40-p(A)

Notl

ETyr Pro Enhancer

G
i
i

TRP2 Pro

TRP2Cre
7950 bp

TRP2:p(A) TRP2 Pro

Not | SV40-p(A)

Figure 9: TRP2Cre construction. TRP2Cre regulatas wonstructed via replacement of

the Etyr in regulator EICre with TRP2 promoter whigas isolated from CrePR-p(A).
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3.1.2. Target construction

3.1.2.1. Report target

To produce an easy analysis method to confirm fonat regulator and successful target
switch in vitro, a report target was constructed in which repamheg EGFP allowed
successful target gene switch activity to be easigualized by immunofluorescence

microscopy.

In this construct, the 'Stop' cassette flanked Wy tloxP’ sites at 5 and 3’ ends
respectively was employed and excised from pBSBIZB( data base: U51223, gene bank
identification number: 1277147) by Spe 1/blunt &wbR 1 digestion. In parallel, CMV
driven EGFP in plasmid vector pEGFP-N1 (NCBI datad U55762, gene bank identify
number: 1377911) was linearized between CMV promated EGFP gene employing
Nhel digestion, followed by blunt-end with DNA poigrase | large fragment (Klenow)
and further EcoR 1 digestion. These two fragmeBtep' cassette and linearized 'VMC-
PFGE' fragments were ligated to produce the CM\pEGFP report construct in which
EGFP expression was silenced by ‘Stop’ insertiotwben promoter (CMV) and target
gene (EGFP) under normal conditions until the eani®f ‘loxP-StoptoxP’ sequences by
active CrePR1 recombinase. To further increase gepeession (452;453), a final version
of target vector was designed to include a genetion as for regulator. Thus, the generic
intron was cut from K14CrePRI vector and insertefeen ‘Stop’ cassette and EGFP
gene to generate final version of construct cmp.&GFP (Fig 10). This report vector was
employed as a positive control in tests of the gemetch and also to visualize

‘transformed’ melanocytes im vitro analysis.
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CMV-EGFP
4727 bp

cmviE WOF  ws?
Spe | Kpn | \

Generic Intron

L
+ 10— cm.stop EGFP

SVA0p(A)

KanR/NeoR 6491 bp // a0
Spel kA
Low '\\\iﬂ?
é . U &N ECOR\
Amp / Generic Intron
= EGFP
SV40 poly A

___STOP

. SV40(A)n
JoxP

EcoF |

Figure 10: Construction of report target vector stop.EGFP. Report target vector
cmv.stop.EGFP was cloned by insertion of a ‘genation’, obtained from K14CrePR1,
and 1oxP-StoploxP’ which was released from plasmid pBS302 into mpidsCMV-EGFP

between CMV promoter and EGFP report gene.
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3.1.2.2. Construction of N-R%€'target transgene

Following the construction of the report target teeccmv.stop.EGFP, a target gene
containing a codon 61 mutant N-Ras oncogene (GAW,(®@) —» AAA (lys, K)) was
obtained by excising N-R¥E* from tk-N-Rad*®* via digestion of Spel, blunt-ended with
DNA polymerase | large fragment (Klenow) and thdlofleing Apal digestion. The
resulting 600-bp N-R&8*! fragment was ligated with linearized CMV-Stop-bmtr a
fragment obtained from cmv.stop.EGFP by discardi@FP gene following blunt-ended
Not1 and Apal digestion, to create cmv.stop.N*®asThe final construct was diagnosed
by a panel of restriction endonucleases digesttlovied by sequencing of the junction

area to confirm the accurate sequence (Fig 11).

Apal

N-Ras(lys61)

Spe

tk promoter CMV IE

puUC ori
f —LoxP

HSV TK poly A

it
[/

Il
+ BEe=> |

SV40 ori, Pro SV40e
Pro. of Kana.
CMV IE 1 ori

puUC ori
/ ~__LoxP

cmv.stop.NRas!ysé1

LoxP

Generic Intron

N-Ras(lys61)
SV40 poly A

HSV TK poly A

/
“‘ “ CMV-Stop-Intron-EGFP
\

|
KanR/NeoR |||
LoxP

Apal

SVA40 ori, Pro SV40e
Pro. of Kana. !
1 ori EGFP

SV40 poly A

Generic Intron

Figure 11: Construction of oncogenic target cmpdteRag®®’. cmv.stop.N-Ra5% was
constructed by replacing EGFP gene in report targetor cmv.stop.EGFP with oncogene

N-Rag’***which was released from plasmid tk-Ras
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3.2. Establishment of optimum primary mouse melanode culture

3.2.1 Design and test of mouse melanocytes culturedium

In order to be able to rapidly screen transgenigressers prior to expensive breeding
typically, following successful genotyping, cellserg isolated from new-born skin.
Separated epidermis was plated in an appropriatgiume and cells were grown for
expression analysis or in this case to performsteantions to ensure biological and cell
specific (data not shown) activities of the genet@dw This occurs ideally in primary
melanocyte culture from F1 germline transmittershaiit contaminating cells, however,
unlike human primary melanocyte, it turned out tBath culture of primary murine
melanocyte was difficult (457;458). Also optimumnitave conditions had to be defined that
avoid the use of feeders which would complicate thevitro expression analysis
experiments and avoid conditions where melanocyegkly transformed and lost
pigmentation. Thus it was necessary to test sewe@tperimental regimes where after
typically plating at 5 x 19 epidermal cells comprised mainly of keratinocy(gg;76),
primary murine melanocytes could be grown in vasiomedia to define optimum

conditions.

Initially, a method expounded by Prof D Bennettreup was tried (459;460). Cells were
grown in MEM with additive cholera toxin, 200mM TP#£ promote melanocytes
proliferation. In being a high-calcium medium, nm&ikeratinocytes differentiated very
quickly and failed to support melanocyte growthpiesthe presence of TPA. Typically,

the cells grew poorly and quickly senesced (Fig 12)
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Figure 12: Primary melanocyte growth in Bennettsedmm. Poor melanocytes obtained
from the culture that murine epidermal cells werewg in Bennett’s recipe comprised of
MEM, cholera toxin and TPA. Picture shows only vl density and poor melanocytes

grow in the medium tried first. Photo was taked @@x.

Due to the poor melanocyte growth in the mediumettgped by Bennetét al, mouse
melanocytes were grown in a commercial melanocybgvtih medium designed primarily
for optimum growth of human melanocytes (cc-443amBrex, UK). In this medium,
basal growth medium KBM (cc-3112, Cambrex, UK) wagpplemented with 1ng/ml
b—-FGF, TPA, insulin, hydrocortisone and 2% serum foelanocyte growth. Again,
keratinocytes differentiated due to the higher icahc condition (0.09mM) than mouse
keratinocytes needed (0.05mM). Indeed, melanoditegrow and could be passaged over
4 -5 weeks but senesced at passages 3 or 4 beheusedium was primarily for human

melanocyte but sub-optimum for mouse melanocyte/tfrand was very expensive.

Other groups (57;460) have reported success wiffianmg feeder layers. Murine primary
keratinocytes have also been employed as an ingiatler layer grown in DMEM
supplemented with 10% chelex FCS and 0.05mM* @dich then differentiate over a
period of 2-3 weeks (461;462). On addition of TPr{g/ml) and bFGF, melanocytes
grow well enough to supply sufficient number ofledbr expression analysis and provide
cells for transfection. Melanocytes/melanoblastsob®ee dendritic at subculture but cells

can be kept for till passage 4 (6 weeks).
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In a final modification, using the most optimum med, it was discovered that the
keratinocytes feeder layer grew better and was teiaied for longer in a medium which
consists of 50% low calcium (0.05mM £aDMEM and 50% commercial serum free
KGM medium, containing epidermal growth factor (BGRydrocortisone and transferrin.
Addition of TPA and b-FGF to this final version gptimum primary murine melanocyte

growth medium defined as 50/50 medium induced tkatgst melanocyte growth.

Keratinocytes cultured in 50/50 medium grew quickdy first a few days as a confluent
feeder layer and gradually terminal differentiateddie out after 2-3 weeks while the
melanocytes continued to grow and to proliferatespmably due to the matrix provided
by the keratinocytes. In this optimum 50/50 mediuhe first presence of pigmented
melanocytes can be observed at as early as dagr3p#ting. At day 6, melanocytes are
obviously prominent following keratinocytes diffateation. The reversed trends of
increasing number of melanocytes and decreasingoaumif keratinocytes will last for
approximately two weeks, although most of keratytes disappeared following in culture
for 9-10 days (Fig 13). This increased melanocgiesvth was more than sufficient for
protein analysis, RNA isolation and transfectionpexments to identify transgenic
expressers and supplied sufficient cells up toggges$ without spontaneous transformation
or loss of melanin production by active tyrosinaBg. passage 6 melanocytes ceased
proliferation but if plated in sufficient numberspuld be maintained for several weeks
longer (>10) without spontaneous transformation. @@easion e.g. to help assess for
cellular immortality, the keratinoyte papilloma Ickhe, SP-1 (463), was used as a feeder

layer (457) (data not shown).
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Figure 13: Growth of murine melanocytes in low gaic 50/50 medium. Primary murine
melanocytes grew in 50/50 medium which contain@5®M C&*, 1ng/ml b-FGF and
10ng/ml TPA. (A) Primary new born murine keratintgs/melanocytes were plated where
keratinocytes grow as a feeder layer for melanogytenvth at 24hrs, cells attach in
colonies then differentiated to disappear graduahijist melanocytes grow and proliferate.
(B), Although pigmented melanoblasts/melanocytesdistinguishable from keratinocytes
as early at day 2, (C) obvious melanoblasts/melgeecpresented at day 6 or 7 and (D)
dominate the dish at day 9 or 10. A-D: photograplese taken at 1, 2, 7 and 10 days

respectively after plating. A, B were taken at 30 C, D were taken at 100x
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3.2.2. Comparison of mouse melanocytes growth media

To verify our murine primary melanocyte growth medi (50/50), primary cells isolated
from new born skin were cultured in this house-miamdelium and in medium exploited by
Dr Halaban (a quite popular recipe used in mangriaories, thereafter termed as Halaban
medium) (449) respectively. Melanocyte growth betaw and the changes of cell

morphology following long term continuous culturens recorded for comparison.

Fig 14 shows that melanocytes grow well in both meout with different growth
characteristics. Although the presence of sodiuthowanadate (N&WO,) which inhibits
tyrosine phosphatases to prolong the activity afogenous tyrosine kinases in Halaban
medium, possible due to the higher TPA concentmatio result earlier melanocytes
appearance and high calcium caused quick diffexeoti of keratinocytes which involved
in regulation of pigmentation (464) therefore, neleytes grow as colourless and thus,
melanocytes are visible mainly because of the ligliection on their 3-D dimension but
hardly visible once the cells became flat after tit@nsfection (see below 3.3.2) (449).
Melanoblasts/melanocytes in 50/50 medium preserirawn colour and various shapes
including round (majority), triangle and spindle,dontrast to the cells in Halaban medium
are mostly colourless and single spindle shapdenfitst a few days, although there do
have a few pigmented melanocytes. Furthermore,moeldes in Halaban medium are not
distinguishable from keratinocytes as easy as ifb®Gnedium because of the non-

pigmentation of most melanocytes appeared.
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Figure 14: Comparison of mouse primary melanocgtétired in different media. Mouse
primary melanocytes cultured in 50/50 medium (AaB¥l in Halaban medium (C, D) were
compared and, 50/50 medium was verified as optinflommouse melanocyte culture
conditions. Significant differences in melanocytesrphologies were observed by day 6 in
culture (A in 50/50 & C in Halaban). (A & B), all @lanocytes in 50/50 medium are
pigmented and grow on the keratinocytes feederrlag® & D), however, in Halaban
medium there are few pigmented cells set amongst wejority of non-pigmented
melanocytes and residual differentiated keratirexyA & C photographs were taken at

day 6 and B & D at day 9 in culture. All picturesne taken at 100x
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Most primary keratinocytes in 50/50 medium totatlisappeared by 2-3 weeks time
leaving a relatively pure pigmented melanocytesupaton (Fig 15, A). By which time in
Halaban medium the cells comprised numerous nomgmgation cells (Fig 15, D).
Furthermore, Halaban melanocytes had significactignged morphology becoming more
transformed and forming visible spontaneous cobihiecause of the gradual increase in
the few melanocytes which had retained pigmentgtnwhereas cells in 50/50 medium

grew in monolayer without morphological change (@B)to passage 6.

Under microscope at high magnification (200x), gigant differences were revealed
between cells cultured in these two mediums. Qall50/50 medium remained normal
monolayer growth by retaining the contact-inhibitioharacter (C) while some became
pigmented in Halaban medium and most cells becaore dendritic and lost their contact-
inhibition character to pile up which resulted mpossible distinguish of any single cell

(F) and thus would compromise amwitro modelling of tumourigenesis.
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Figure 15: Different melanocyte morphologies digpthin different media. Melanocytes
were cultured in 50/50 medium (left panel) and addthan medium (right panel) in primary
culture (A, D) and sub-culture following long tingentinuous growth either in macro- (B,
E) or micrographs (C, F). Primary cells in 50/50 @kd in Halaban media (D) displayed
different melanocyte morphologies (100x), approxghatwo weeks following the first

culture with pure brown and various shaped (maialynd and oval) melanocytes in 50/50
medium (A) and with a few pigmented melanocytes r@gsb majority of non-pigmented

spindle shape cells in Halaban medium (D). Spomtasi¢ransformation-like melanocytes
colonies formed in Halaban medium within 4 weeksheffirst subculture (E) in contrast to
cells in 50/50 medium remained a confluent, conirdtibited monolayer (B). (C) and (F)

show the morphology of normal confluent melanoaytenolayer in 50/50 medium and

transformed (some pigmented) melanocytes in Halatedium respectively (200x).
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3.3. Transfection

Following the successful cloning of both reguladmd target vectors, biological activity
and response to Ru486 treatment was confirmedamgfiction prior to the transgenic line
production. By comparison of several commerciahgfaction reagents, Fugene-6 was
defined as the best transfection reagent for teatish of murine primary melanocytes.
Regulator and/or target constructs were (co)-tewtstl into B16 melanoma cells initially
due to the lack of report of primary mouse melat®dgansfection and later into primary
melanocytes once delivery parameters had beenedefldomparison of the transfection
efficiency between cultured primary melanocyte$@50 and Halaban media confirmed
50/50 as an optimum primary culture method for meinmelanocytes in addition to the

factor of growth and lack of morphological transf@tion during melanocyte culture.

3.3.1. Transfection of B16 cells

To confirm successful cloning, transfections wemfgrmed initially into B16 cells
employing Fugene-6 transfection reagent and cmvEEGRNA as a positive control for
transfection efficiency and co-transfection of p@R4A with cmv.stop.EGFP DNA as

positive control for gene switch activity.

Following co-transfection of regulator and repa@mget vectors into B16 cells and Ru486
treatment, EGFP expressing cells were detectethimunofluorescence microscopy 5 days
after transfection (Fig 16, Table 2). Co-transfactof either EICre or TRP2Cre employing
cmv.stop.EGFP as the Cre responsive target, dematedstthe successful cloning of
biologically active constructs in terms of the ftional activation of regulator protein by

Ru486 and target gene switch specificity in B16anema cell. It was noted that TRP2Cre
transfected dishes produced more green cells thH@reEalthough detectable EGFP
expressing green cells were recorded in TRP2Cresfeation without Ru486 addition

indicating whilst a stronger promoter, it possess@mte gene switch leakagevitro.
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Figure 16: EGFP expressed in B16 following cotraasbn. Detection of green fluorescent
cells following cotransfection of regulator and eeptarget vectors cmv.stop.EGFP into
B16 melanoma cells demonstrated successful trapsgenstruction and gene switch
activity. B16 melanoma cells were cotransfected watgulator EICre (A) or TRP2Cre (B)

and report target vector cmv.stop.EGFP DNA. Trastgfa of cmv.EGFP (C) and

cotransfection of pCrePR1 together with cmv.stog=EGD) were employed as a positive
control of transfection efficiency and of gene shitactivity respectively. Cells were
photographed (40x) under immuno-fluorescence maos 3 days (C) or 5 days (A, B, D)
post transfection respectively. An approximatelg tation of target gene switch was
exploited between regulators EICre (A) and TRP2@®e All pictures were taken at 50x.

As the primary purpose of the experiment was tgimonfirm gene switch function, the
numbers of transfected cells were not counted wdxjaression in the cells was relatively
uniform, although was often stronger in the nucl@uwansmitted light photo was not taken

for B16 cell transfections but was for primary nmelayte transfections (below).
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3.3.2. Transfection of primary cultured melanocytes

As each transgenic founder was produced, to quiddyfirm regulator transgene
expression without excessive, expensive breedingirofecessary bigenic cohorts, as
required by the Animal licence, it became necesgargstablish primary melanocyte

culture conditions prior to defining transfectioargmeters.

Following successful transfection of B16 cells tdentify functional gene switch
components, co-transfection of regulator EICret(jpec not show) or TRP2Cre and report
target cmv.stop.EGFP was carried out in primaryucad melanocytes as outlined for B16
melanoma cells. This verified their transfectaldgacity in 50/50 medium and confirmed
functional gene switch exclusively in melanocyteet&rtion of EGFP expressed green
fluorescence cells in Fig 17 demonstrated the teatable capacity (A) and functional
gene switch in primary melanocytes employing oulamecyte-specific regulator TRP2Cre
(C); although the reduced number of green cellscatdd low transfection efficiency as
determined by positive controls indicating the idiffty of primary melanocyte transfection

(Table 2).

As with results obtained from transfection of Bl@lamoma cells, the cmv.stop.EGFP
target vector was totally silenced until the El@egulator was activated following ligand
Ru486 application. Furthermore, regulator EICre vagsin confirmed to be the less
powerful activator of target gene than TRP2Crerimpry melanocytes as revealed in B16
melanoma cells, given the factor of less greenrélscence cells counted in EICre
transfected dishes compared to TRP2Cre transfalisdubs under the same transfection
conditions. However, the leakage of TRP2Cre regulatas again detected in primary

melanocytes as observed in B16 cells (Table 2).
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Figure 17: Target gene expressed in cotransfectedagy melanocytes. To define the
transfectable ability of cultured melanocytes aadfctm melanocyte specificity, cells were
cotransfected with regulator and report target a9sdpost epidermal cells plating. (A)
transfection positive control cmv.EGFP DNA and (TRP2Cre/cmv.stop.EGFP DNAs.
‘B’ and ‘D’ are light micrograph versions of ‘A’ @'C’ respectively to show the location
and ideal morphology of transfected melanocytes #me arrows show the EGFP

expressing melanocytes location. Photos were tak&fA0x.
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Table 2: Transfection efficiency comparison of twaysions of regulator in B16 melanoma
cells and primary culture melanocytes. GFP —pasifB/3.1 and 3.3.2) cells were counted
under’ fluorescence microscope and presented aavitrage number of positive cells per
dish in repeat experiments. Control cells transiotvith cmv.stop.EGFP report DNA
alone possessed no green cells, which eliminated pibssibility of a transfection
background (target leakage) from this report g&€uwransfection of TRP2/cmv.stop.EGFP
DNAs in B16 or primary melanocytes gave higher namlof positive cells both with and
without Ru486 induction compared to regulator ElGmes.stop.EGFP DNAs. This
revealed that although stronger TRP2 it possessdade and thus a greater potential for

non regulatory phenotyp@s vivo.

B16 Cells Primary melanocytes
DNA Transfected (-)Ru (+)Ru (-)Ru (+)Ru
CMV-EGFP 1600 NA 500 NA
cmv.stop.EGFP 0 0 0 0
EICre/ cmv.stop.EGFP 0 480 0 70
TRP2Cre/cmv.stop.EGFP 300 620 120 310
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3.3.3. Comparison of transfection efficiency in 5680 and Halaban media

As mentioned above, murine melanocytes can be redltin both 50/50 medium and
Halaban medium and although Halaban possessedgsttegrowth characteristics, 50/50
medium did not give spontaneous transformation adein contrast melanocytes cultured
in Halaban medium mainly gave non-pigmented catisl later passages in culture thus
raising concerns on their use to test Etyr or TRpBulated genes, and quickly

spontaneously transformed negating their use mstoamation experiments.

As transfectable capacity and transfection efficjenare critical factors for the

identification of successful transgenes constrmctod functional gene switch analysis,
primary and secondary melanocytes were thus cdltuwr&oth Halaban medium and 50/50
medium to test transfection efficiency with cmv.BEGBNA. The results (Fig 18) revealed
that melanocytes in 50/50 medium gave approximatlyimes higher transfection

efficiency than cells in Halaban medium under te transfection conditions. Moreover,
an approximately 3 times higher transfection eféfiay in 50/50 vs. Halaban medium was
also found for secondary melanocytes (confluentnary melanocytes were trypsinized
and seeded at 1:3 for the next day transfectidtijpiagh the numbers of transfected cells
in both media was reduced compared to primary.celterestingly, all transfected cells in

Halaban medium were not pigmented and thus, thesfeated cells are hardly visible

under normal light because of the loss of their 8ibension as mentioned above (3.2.2).
This observation suggested that melanocytes cdltureHalaban medium may not be
transfectable once they became pigmented or thasfiEcted Halaban cells lose ability to

pigment.
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Figure 18: Photomicrographs of expressed targetls ceh different media.
Photomicrographs (100x) of green cells (upper paawd their localisation (lower panel)
following transfection of cmv.EGFP into primary raebcytes cultured in (A) 50/50
medium and (B) Halaban medium. The table 3 beloowshthe average numbers of EGFP

expressing green cells from duplicate or indepenttansfections (a).

Note: transfected cells are hardly visible in loywanel in Halaban medium under normal

light version as mentioned.
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Table 3: Transfection efficiency comparison in elifint media by counting of green
(EGFP expressing) cells after transfection of cr®FP. All GFP —positive cells were
counted from transfection of approximately® If¥imary cells/60-mm dish and 5 x >0
secondary melanocytes at 50x magnification. Numi@rsprimary transfection are the
average of 2 dishes whilst numbers for secondarkamoeyte transfections (a) are the

average of 3 independent experiments.

50/50| Halaban

Primary 1029 497

Secondary 97 39
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3.4 Transgenic line production

3.4.1. Identification of the transgenic founders agh germline transmitters

The transgenic EICre and cmv.stop.N-BB&sDNAs were isolated, purified, quantified and
1-2ng/ml transgene DNA solution was microinjectedoi pronuclei harvested from
B6/D2/F1 superovulated females as described in tehap (material and methods).
Successfully injected one-cell embryos were trargpld into pseudopregnant females,
produced by mating ICR females with vasectomizetesyand normal gestation allowed

to produce pups for screening transgenic founders.

To identify potential transgenic founders, as nergtype was expected, 5-6 week old
mouse progenies were tail tipped and genomic DNA isalated for PCR analysis. Using

specific primers for each transgenic line (EICreMard: ATTGGTGCAGATTTTGTATG

and reverse: CATCTTCAGGTTCTGCGG N-Rad®! forward:

ACACCACAGAAGTAAGGTTCCT and reverse;. GCGGTACCTCTTGAACTATAGC

see table 1), a 436-bp EICre or 888-bp N)&dsfragment indicated positive transgenic
mice respectively. Over a period of time, ten El@rel four N-Rd$®! founders were
produced. Seven EICre and two N-[¢85lines were identified to be germline transmitters
by breeding with C57BL6 and PCR analysis of F1 progs (Fig 19 & Fig 20). All
germline transmitters displayed the transgenes Meadelian fashion in their progenies
and were employed to produce primary melanocytesrémsgene expression analysis

vitro.
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Figure 19: PCR product represents EICre transdeninders 4314 etc. (A) A 436-bp PCR
product represents EICre positive transgenic forsnd&14 etc and (B) shows founders
4118 (top row) and 4314 (bottom row) are germlirensmitters as their F1 progenies
displayed the transgenes in an expected Mendasrdn. (+), PCR from transgene DNA
as positive control and (-), PCR from wild type 826 DNA as negative control for ‘A’
while the parental negative and positive DNAs (medicated) as controls for ‘B’. DNA

marker is Invitrogen 1kb plus DNA ladder (#1078 7612
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Figure 20: PCR of tail genomic DNA identified foamv.stop.N-Rd%®! founders. The
888-bp PCR product was identified in four cmv.shefRas*® founders 4734, 5275, 7156,
and 8261 (A) and only two of them (4734 and 715@Vved to be germline transmitters
(B: 4734 top row ; 7156, bottom row ). (+), PCRnfrdransgene DNA as positive control
and (-), PCR from wild type C57BL6 DNA as negatieentrol for ‘A’ while parental
genomic DNA (4733, 4734 & 7156, 7157) as positiad aegative controls for ‘B’. DNA

marker is Invitrogen 1kb plus DNA ladder (#10787%61D2
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3.4.2. Importation of K14CrePR1 andASPTEN™™ mice

K14CrePR1, a line well characterised Ru486-basgdlator expressed in keratinocytes,
was imported from the USA under the Home Officeutafjons and was used as positive
regulator control genotype to induce target transgexpression in Kkeratinocytes.
K14CrePR1 was successfully identified to switch dEYRP! expression in primary bigenic
K14CrePR1/cmv.stop.N-R48" keratinocytes and N-R¥S' expression in melanocytes
was subsequently confirmed in EICre/cmv.stop.NX¥as bigenic mice in vivo.
K14CrePR1 mice were also utilised in experiments itwestigate the tumour
microenvironment contribution to the oncogenic @ssgiven that melanomagenesis is not
a process involved of only melanocyte mutation debmplex issue involved of multiple
partners in the neighbourhood (e.g. keratinocyi#8%;466). Therefore, K14CrePR1 mice
were employed to allow N-R¥E! expression and PTEN ablation in keratinocytes X246
induce hyperplasia (in soil). Together with intim$l-Rad’*®* expression in melanocytes
(seed), the induction of K14CrePR1 mice also gigepermission to assess effects on

promoting melanomagenesis.

PTEN loss is the second most common tumour suppregme deletion after pl6 in
melanoma (250;252). PTEN co-operated with p16 aiiRBl in melanoma both vivo and

in vitro experiments implicated that PTEN involved in mouselanoma development
(262). Therefore in collaboration with Hong Wu, UE&Lin US, PTEN floxed mice
(ASPTEN™™)  expressing an exon 5 flanked lloxP sites to ablate functional PTEN TSG,
were also imported from US under the home officpitations to cooperate with N-R48"
expression in melanocyte/keratinocyte and to ingatd their potential cooperation during

melanomagenesis.

Following importation, rabies quarantine and rendgion via embryo transfer, the mice

were ear tagged and tail cut for genotyping via PG#ing primers K14Cre.fwd
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(TCATTTGGAAC GCCCACT), K14Cre.rev (GATCCGAATAACTACTGTTTTG) and
PTEN.fwd (ACTCAAGGCAGGGATGAGC), PTEN.rev (GTCATCTIRCTTAGCCAT
TGG) as described in methods. Following identifmatof K14CrePR1 and floxed PTEN
PCR positives, their progenies were produced in5aBL6 background (Fig 21, 22)
through seven back cross with wild type C57BL6 tgwre a genetically identical inbred
C57 background. To produce floxed PTEN homozygdtssPTEN™™) for complete
PTEN ablation, a brother-sister mating of F1 hetggous (Fig 23) was set and

ASPTENY™ mice were obtained (Fig 24).

Figure 21: K14CrePR1 positive progenies were idieati K14CrePR1 positive progenies
were identified from F1 (al3-a30) of K14CrePR1 imipd mice in C57BL6 using primers
K14Cre.fwd and K14Cre.rev. 410-bp PCR product regmés K14CrePR1 transgenic
positive mice. (+), PCR from genomic DNA of impatt&14Cre mice as positive control
and (-) PCR from C57BL6 DNA as negative control. DNharker is Invitrogen 1kb plus

DNA ladder (#10787-026).
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Figure 22: Heterozygous PTEN (+/-) obtained from@agenies. All are Heterozygous
PTEN (+/-) obtained from F1 (a42-a51) progenies iofported floxed PTEN
(ASPTEN™™) in C57BL6/ICR background. Top band representxeitb PTEN (+/+,
ASPTEN™™) allele and lower band indicates wild type PTEN lallé/-). Wild type
control (-/-) and floxed PTEN control (+/+) are filoC57BL6 and importedA5PTEN™™

mice respectively. DNA marker is Invitrogen 1kb pIDNA ladder (#10787-026).

Figure 23: Expected Mendelian fashion (a135-al®%ined from heterozygous breeding.
Either wild type (1/4), heterozygous (2/4) or howygaus PTEN A5PTEN™™) (1/4) were

detected from progenies of F1 (heterozygous) sistether breeding (a42 x a46; a43 x
a47; ad44 x a50 and a45 x a51, see Figure 22) imxpected Mendelian fashion. Single
small band (900-bp) presents wild type PTEN (£tihgle big band (1100-bp) presents
ASPTEN™™ (+/+) and double band samples are for PTEN hetegazy. Parental genomic
DNAs used as wild type (-/-) and floxed (+/+) cariét DNA marker is Invitrogen 1kb plus

DNA ladder (#10787-026).
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Figure 24: Purd5PTEN"™ mice generated (a232-a253) from sister/brother fzygmus
breeding. Breeding di5sPTEN™™ mice (a136 x al42; a128 x al47and al48; al51 4 al6
and al62 x al65 from Fig 23) produces pMs®TEN™™ mice (all progenies are single
1100-bp band). -/- and +/+ are wild type and flol&EN control using parental genomic
DNAs from al40 and al138 mouse respectively. DNAkaais Invitrogen 1kb plus DNA

ladder (#10787-026).
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3.4.3. Functional gene switch identificationn vivo

Although CreloxP gene switch system has been well characterizesl, imported
K14CrePR1 and5PTEN*™ were used to verify functional activitg vivo, to confirm the
Ru486 CrdbxP system and to obtain technicalvivo insights for the EICre melanoma
model. Therefore, bigenic K14Cre/PTE were put on procedure for topical painting of
Ru486 to activate K14CrePR1 to ablate floxed exomfSPTEN exclusively in the

epidermis, resulting in keratinocyte hyperplasid arvestigations on carcinogenesis (246)

Using primers P1 (located at exon 4, PTEN.fwd),(@®rimer located within exon 5 for
PTEN genotyping, PTEN.rev) and P3 (a primer locatgtin exon 6 after the secomhokP
site) (Fig 25), production of a new 400-bp PCR piidvas indicative of the truncated
allele in either Ru486-treated heterozygous or haygous skin, but not from untreated
bigenic mice or treated/untreated wild type comstrdlhis verified that the CrePR1 fusion
recombinase protein was activatedvivo following Ru486 application and furthermore,
the activated CrePR1 is responsible for ablatiorifloked’ fragment in keratinocytes

because of the K14 promoter.
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Figure 25: Scheme of gene-switch identificationvivo. Gene-switch specificity was
identified in vivo employing K14CrePR1 and floxed PTEMSPTEN*™) mice. A5
fragment obtained from either homozygous (+/+, 1&)8,9) or heterozygous (+/-)
PTEN/K14Cre (lane 2,6,7) bigenic mice skins via P@@Renomic DNA using primers P1,
P2 and P3, but not from wild type (-/-) PTEN/K14Qvbich also treated with Ru486 (lane
1) and untreated eith@'5SPTEN"™/K14Cre (lane 4) or wild type PTEN (lane 5) mice.
0.9-kb, 1.1/0.9-kb and 1.1-kb pattern of PTEN alelrepresent wild type (-/-),
heterozygous (+/-) and homozygous (+/+) PTEN respdy. The second top band
(between homo and wild type) in lane 2, 6 and Tefloeygous) may be amplified from the
wild type/floxed PTEN hybrid DNA (the fusion of Zwomatids in chromosome) during
the PCR annealing/extension steps, which also eppb Figs 22 and 23 above. DNA

marker is Invitrogen 1kb plus DNA ladder (#1078 7612
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3.5. Identification of the transgenic expressers ofegulator EICre and

target N-Rag’**!

3.5.1. Identification of regulator EICre expressers

In order to identify transgene expressers followidgntification and confirmation of
founder germline transmitters (above), primary metytes were isolated from the skin of
F1 neonates and cultured in 50/50 medium. Thevatig week, once sufficient number of
melanocytes had grown, total RNA was isolated ftoypsinized cells and expression of
the EICre transgene analysed via RT-PCR. Explopimgers that spanned the small intron
cloned within the SV-40 poly(A) signal, detectiof @ smaller PCR product from RT
samples than from tail DNA revealed that relativalfew of regulator EICre germline

transmitters were expressers (Fig 26).

4112 4118 4121 4314»-4316 4714 4735

F-t-F-t-—t-+-+- om

i ; e

(——— s

R

Figure 26: Analysis of regulator EICre expressionprimary melanocytes. Regulator
ElCre expression was detected in primary melanocidA prepared from F1 neonates
RNA of transmitters (4112—-4735) using primers drggshe small intron within the SV40
p(A) tail. Lower band shows EICre expression innaiy melanocytes and top band
indicates DNA contamination from RNA samples. (H}mRT reaction, (-) without RT
reaction. Lines 4118, 4121, 4314, 4316 and 4714 #tee expressers, whereas lines 4112
and 4735 are not EICre expressers although theg genmline transmitters. DNA marker

IS Invitrogen 1kb plus DNA ladder (#10787-026).
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As expression of RNA does not necessarily meanesséal biological activity, primary
melanocytes of expresser lines 4118, 4121, 43146 4hd 4714 were subjected to
transfection with the report target vector cmv.g9E8pFP to confirm successful gene switch
function and their relative expression levels. Ottee majority of primary keratinocytes
died out and pure melanoblasts/melanocytes weseptren dishes, cells were transfected
and the following day incubated in 1 Ru486 and 3 days later the different numbers of

green cells assessed employing an immunofluoresagaraoscope.

Controls included lack of Ru486 treatment to deteergene switch leakage and Ru486
treated transfection of non-transgenic C57BL6 nadgtes both cohorts proving negative.
By counting the number of green cells detectablkeaich line, the results revealed that lines
4118, 4314 and 4714 displayed reasonable strong ramderous EGFP expressing
melanocytes, while other two lines 4121 and 431¢ehalative weaker and less EGFP
expressing cells in dishes. Furthermore, 4314 Wwastrongest expresser amongst the five
investigated lines giving the most numerous (apipnakely 200 vs. 80-120 green cells in
each transfected dish) and most intensively gresdls ¢ollowing treatment of Ru486.
Therefore, line 4314 was chosen for further analpsicause the highest biological activity
of Cre recombinase to result in highest level ofj¢a gene expression following Ru486

treatment in primary melanocytasvitro (Fig 27).
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Figure 27: EGFP expression in report target tramete regulator melanocytes. EGFP

expression in primary melanocytes from regulatopresser lines 4314, 4118 and 4714
were observed under fluorescent microscope follgvitansfection of report target vector
cmv.stop.EGFP and Ru486 treatment for 3 days. Hit#decontrols were negative and
transfected melanocytes of lines 4121 and 4316 balevery weak and few green cells
detected which were not shown here. Cells werai@dtin 50/50 medium and transfection

carried out using Fugene-6 transfection reagentufgis were taken at 100x
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The number of EGFP expressing cells from each fegated dish was not many, which
indicated the targeting protein level may have bleen However, the protein level may
not exactly mean transcription level. Thus RT-PQR semi-quantify targeting gene
transcription level was carried out by isolating /RNrom cmv.stop.EGFP transfected
primary melanocytes of lines 4118, 4314 and 471kthvbhowed relatively stronger EGFP
expression in the above analysis. A primer paircWisipanned across generic intron within
the target vector was employed to distinguish P@&ycts of RNA from contaminant
DNA. This detected a smaller band from RT-PCR tlham transfected target vector DNA
in transgenic regulator melanocytes following Ru4B&tment, whereas no such band
could be observed in without Ru486 treatment or §utteated non-transgenic control
melanocytes. This verified Cre activation in meleytes of regulator expresser lines 4314,
4118 and 4714 following Ru486 treatment and thessgbent ablation of floxed ‘Stop’
sequences to result in the expression of targeegyéhig 28). Furthermore, all of the
targeting gene expression levels were consistetht their transcription levels, with 4314

having both relative strongest protein activity dnghest transcription level amongst the

three lines analysed.

Figure 28: RT-PCR of report target transfected mmigtes of regulator expressers. RT-
PCR products were detected from cmv.stop.EGFP feetesl primary melanocytes of

regulator EICre expresser lines 4314 (sample 2)84sample 3) and 4714 (sample 4).
Higher band (490-bp) indicates DNA contaminatiorsamples and lower band (290-bp)
reveals expression of target gene EGFP. Samplevithsut Ru486 treatment control and
sample 5 is non-transgenic melanocytes controlis(ith RT reaction and (-) is without

RT reaction. DNA marker is Invitrogen 1kb plus DN&&lder (#10787-026).
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3.5.2. Identification of target N-Rag°®* expressers

As described for identification of germline trangteris, to quickly identify target N-REE*
expressers, yet avoid the difficulty of primary em@cytes culture and variable transfection
of numerous melanocyte lines, F1 keratinocytesucest were established from breeding N-
Ras founders with K14CrePR1 mice. This also hadthentage employing a known, well
characterised gene switch regulator, strongly esgm@ in keratinocytes from a Keratin
K14 promoter (467). Primary keratinocytes of K14GkRa®*®' bigenic mice were
cultured under proliferative low calcium conditioasd treated with or without ™
Ru486, followed by RNA isolation and RT-PCR reagctidJsing primers forward one
located in front of generic intron and reverse within the N-Ra¥*®* gene, detection of a
smaller RT-PCR product of line 4734 primary keratiytes than PCR product of
contaminant DNA indicated correct splicing of thengric intron. These experiments also
revealed that target gene expression in only 434 29a) not 7156 (data not shown)

keratinocytes. Dishes were assessed in triplicagmsure result in both transmitter lines.

Figure 29a: Oncogenic target N-K&¥4 expressed in K14Cre/N-R48! primary bigenic
keratinocytes. N-R&&%! expression (line 4734) was detected from primamatnocytes of
K14Cre/N-Ra¥*®! bigenic mice following Ru486 treatment for 3 daya RT-PCR using
primers crossing over generic intron within targene. Lower band shows N-R&%
expression while top one indicates DNA contamimatiS8amples 1-3 are Ru486 treated
bigenic keratinocytes with (+) or without (-) RTation from triplicate dishes, far left lane
and sample 4 are transgene DNA and bigenic ketias without Ru486 treatment

control respectively. DNA marker is Invitrogen 1jglus DNA ladder (#10787-026).
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Because line 4734 was the only N-E85target transgene expresser identified amongst
few founders and thus its expression is uniquelyartant for this project, expression was
further analysed employing a panel of primer p&ated at various positions (forward
primers p76 sites within CMV promoter, p61 in fraftgeneric intron and p66 locates at
the 5’ end of N-Ras gene, reverse primers p62 éiddsie at the C-terminal of N-Ras gene
and SV40 poly(A) signal respectively) within thenstruct employing target monogenic N-
Ras primary keratinocytes as control. Use of fodvarimers located either within the
CMV promoter or the junction of 'Stop' cassette amdon, and reverse primers site at
various positions within N-R&¥* respectively, gave different sizes of PCR prodact

Ru486 treated bigenic keratinocytes but not in ngenec cells (Fig 29b).

To confirm ablation of floxed sequences by the vactCrePR1 fusion protein and
successful splicing of generic intron, two forwgndmers one located in front of intron
(P2) and one situated at the end of promoter (bgther with a reverse primer (P3)
within N-Rag*®" gene were designed and employed for RT-PCR. PriP2#$3 gave an
only slightly smaller RT-PCR product than P1+P3 ause of the location of forward
primer and ablation of floxed ‘Stop’ cassette. Ad®r band was detected from transgene
DNA than from RNA in P2+P3 reaction due to the geanetron, whereas no PCR product
was detectable from transgene DNA in reaction P1b@&use the size (>3kb) of the

expected product was too large to be detected uhdse PCR conditions (Fig 29c).
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Figure 29b: Analysis of oncogenic target N-I&5 expression. N-R&&! expression
detected from primary keratinocytes of K14Cre/NR¥sbigenic mice following Ru486
treatment for 3 days via RT-PCR employing additiosaries of primers. p61+p62;
p66+p67; p76+p62; p66+p62 and p61l+p67 represemt lato 5 respectively, of which
locate at various positions within target vectod #me same order of primer pairs repeated
for lane 7 to 11. Lane 1-5, K14Cre/N-R&¢ bigenic primary keratinocytes treated with
Ru486 have N-R4&* expression; lane 6, DNA marker (Invitrogen 1kbspNA ladder
(#10787-026)); Lane 7-11, no N-R&¥ expression detectable in monogenic mouse

cmv.stop.N-Rd¥®* control keratinocytes with Ru486 treatment.
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Figure 29¢: Scheme of confirmation of N-B¥S expresser. To confirm mouse 4734 as a

germline expresser of the N-R3% transgene, Ru486 treated bigenic K14Cre/NYRas
primary keratinocytes were analysed viavitro RT-PCR. Employing primer pair P2+P3,
successful N-R&&™ expression in line 4734 was confirmed by detectiba ~450bp PCR
product (DNA contamination produces a ~650bp basdlting from existence of intron).
Employing primer pair P1+P3, successful expressibncorrectly spliced N-R&&™
transcript produced a ~550bp band owing to excisibthe ‘STOP’ cassette in genomic
DNA by Ru486 activated K14Cre while DNA contamimati(product is more than 3kb in

size) was not detectable by designing PCR prograrfonaletection of less than 1kb

product. DNA marker is Invitrogen 1kb plus DNA st (#10787-026)
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3.6. Generation of compound transgenic genotypes Ete/N-Ras’*** and
EICre/N-Ras”**/ASPTEN™™  and identification of gene-switch

specificity

Following the establishment of monogenic lines espmng both regulator EICre and target
cmv.stop.N-Rd%$®%, confirmation of functional gene switch activity imelanocytes by
transfection of target vector into regulator prignarelanocytes and confirmation of target
in vivo expression in K14Cre/cmv.stop.N-R¥$ bigenic keratinocytes (above),
EICre/cmv.stop.N-R&5%! bigenic cohorts were bred and topically treatethviRu486 to

determine whether N-R¥E" activation was an initiating event in this melaromodel.

Therefore, bigenic adult EICre/cmv.stop.N-E85mice were put on procedure. In brief,
plucking hair induces telogen phase follicles teemger into anagen and thus stimulates
maximum melanocytes proliferation and expressiotheftyrosinase promotén vivo to
produce cellular targets for topical Ru486 treattwelmilst IP injection in addition ensured
Ru486 delivery to the base of hair follicles. Howevafter 3-4 months of treatment these
mice failed to produce melanoma unlike e.g. in @en’s model where melanoma was
induced by H-Ras expression on a CDKN2A deficiakground (223), or even elicit any
overt melanocyte hyperplastic phenotype as wherablsRas expressed in melanocytes by
Powell via a similar but constitutive, not genetswed, Tyr-based vector (216). Therefore,
experiments quickly progressed to show that gentlswpecificityin vivo was confirmed

by detection of N-Ras target gene expression iatdte mice skin and in the meantime,
giving the frequency of PTEN mutations in human aneima, conditional knockout of
tumour suppressor gene PTEASPTEN™™) instead of constitutive deficient of CDKN2A
gene, was introduced to assess whether melanombl Wweuelicited by cooperation of

PTEN function lossiith N-Rad*®*expression.

153



3.6.1. Line production and induction of N-Ra¥%* expression by treatment with Ru486

EICre/N-Ra¥*®! bigenic line was first produced by crossing ElQvith cmv.stop.N-
Ra¥*%! mice following typical breading procedures and P&€Reening of progenies. To
generate trigenic line EICre/N-R487A5PTEN"™  floxed PTEN A5PTEN*™) was bred
with EICre/N-Ra¥*®! to obtain heterozygoud5PTEN in EICre/N-Ra&5% bigenic mice
(ASPTEN™/EICre/N-Ra¥®Y) initially followed by brother-sister mating togmuce floxed
PTENTtrigenic mice ASPTEN"™/EICre/N-Ra¥%") as described at 3.4.2 fABPTEN>™
production. 6-8 week old transgenic mice with appiade controls were then set for the
experiments. Controls included ethanol treatmemoofipound transgenic mice and Ru486

treatment of mono genotype littermate siblings.

One aspect of this study is the necessity of tpamse expression in proliferative
melanocytes for regulator expression and gene ttaggeMurine melanocytes ceased
proliferation and undergo apoptosis at catagen tand, during telogen few epidermal
melanocytes are apparent in adult epidermis. Ttaiteithe hair cycle and obtain maximal
target melanocytes for Ru486 treatment approximaied days later as determined in
timed experiments (Fig 30), the mouse back hair phiasked at day zero of procedure and
then approximately every 4 weeks as the hair gragk.bMice were topically painted with
10Qul of 100ug/ml Ru486 (468) twice a week together with onoeegek IP injection of
0.4g Ru486/per kg mice weight to ensure efficiegliveéry of Ru486 to the hair follicle

(469) (average weight 25g was considered).
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Figure 30: Melanocytes growth following hair pluegi TRP2-stained melanocytes (green)
of skin biopsies show maximal melanocytes exishair follicle 7-9 days after plucking.
From top to bottom pictures represent staining iop&ies from 1, 3, 7 and 9 days post-

plucking respectively and K14 (red) used for coustaining. Pictures were taken at 100x.
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3.6.2. Confirmation of N-Ra¥5* expressionin vivo

Due to the failure of melanoma or any hyperplastedanocyte production following mice
on procedure for 3 months when the mice were erpetd have produced phenotypes
(216;223), N-RdS®! expressing was confirmed hp vivo detection via RT-PCR by
isolating RNA from those Ru486 treated, plucked eams&ins. Controls included vehicle

treated bigenic mice skin and Ru486 treated wibetgkin (Fig 31).

Figure 31: Confirmation of melanocyte specific gemgtch specificityin vivo. Target
gene N-Ra¥®! expression was detected in Ru486 treated bigeliceBN-Ra8*®* mice
skins but not in Ru486 applied wild type C57BL6vehicle treated bigenic mouse A1136
skins. As outlined above, primer pair P2+P3 used-ig 29c were employed for RT-PCR
here and a ~450bp fragment confirmed NX¥&sexpressiorin vivo in EICre/N-Ra¥*®*

bigenic mice. DNA marker is Invitrogen 1kb plus DNeidder (#10787-026)
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Following identification of N-Rd%® target gene expression and the identificationenfeg
switch functional specificityin vivo, the mice were kept on procedure for longer to
investigate whether inducible N-R48* expression was sufficient to generate melanoma or
any phenotypes with longer latency. Recently a lammbut constitutive N-Ras(Q61K)
expression model was shown to be able to genergiinoma although with a long latency
of more than one year and following embryonic egpi@n throughout development (215),
whereas H-Ras expression gave simple melanocyterplgsia in the absence of UV or

DMBA initiation (216;221).

A conditional knockout of tumour suppressor geneERTinstead of common using
CDKNZ2A gene, was introduced to promote elicitingheglanoma model by cooperation of
PTEN function lossvith N-Rag***expression which cooperated quite successfully tiith
Ras in a model of squamous cell carcinogenesis) (Btvever, again unexpectedly a lack
of melanoma production resulted from EICre/N-REASPTEN™™ trigenic mouse,
suggesting therefore a redundancy between thesensauits in melanocytem vivo and
therefore, the investigation of whether PTEN fumatioss promoting N-R4&* initiated
tumourigenesisn vitro was performed employing colony formation assayprimary

melanocytes (below).

Keratinocyte can secret numerous regulatory fadtorontrol melanocyte development as
well as to play potential roles in melanoma formati(470). K14Cre, a regulator
controlling target gene expression in keratinocyescifically, was introduced to induce
epidermal hyperplasia by switching N-¥&3 expression in keratinocytes at the same time
in melanocytes by EICre regulator. Disruption oflamecytes microenvironment (mainly
keratinocytes) could release melanocytes from egesiant by keratinocytes, a seed/soil
hypothesis (471) was therefore added to this mddeé 3.9) to investigate PTEN

functional loss promotion on N-R4%8* expression for melanoma production.
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3.7. Colony formation in PTEN loss and N-Rd$®" expressing melanocyte

As mentioned above, PTEN function loss did not apge have a synergistic effect on
inducible N-Ra¥*®! initiation in the triple EICre/N-RA8*YASPTEN™™ transgenic mouse
and there was no obvious difference observed fra@re#ZN-Rad*®* mouse. Despite the
successful expression of the gene switchkivo andin vitro, serious concerns as to a lack
of phenotypein vivo experiments and essential role of PTEN in car@negis (245)
prompted ann vitro analysis of whether N-R¥E' and PTEN biological function loss
would co-operate to transform melanocytes, whefésS PTEN function-loss promoted
tumourigenesis in cooperation with H-Ras in kekatyies (246). Furthermore, whilst
PTEN mutations, were often detected in melanomhilioels but less often in short-term
cell (STC) lines and solid melanomas (reviewed264() implied that PTEN functions
may play different roles between vitro andin vivo. Therefore, to investigate whether
PTEN function-loss promote N-R48! initiated tumourigenesis in melanocyite vitro,
colony formation assays were performed employimgetatransgenic melanocytes and the
defined protocols of transfection. Here the rekdinstronger (compare to EICre) TRP2Cre
regulator was employed for transfection despitgieviously discovered leakage (table 2,

section 3.3.2) which would not interfere but adaehhance the analysis vitro.

The results demonstrated that N-#85expression or PTEN loss led to faster melanocyte
proliferation and together PTEN promoted N-¥&sexpression to initiate transformed cell
colony morphology in tagged immunofluorescent pgroexpressing (EGFP) as well as in
G418 selection experiments. However, and consistatit the eventual redundancy
concluded between these moleculas vivo (see below 3.8),in vitro although
morphologically more transformed, N-R&S/ASPTEN*™ cell co-expressers were not
immortalized because cells in 50/50 medium stitleseed by passage 5 or 6 but remained

viable for some more months in culture.
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3.7.1. EGFP immunofluorescence tagging

The experiment to test the transforming abilityPfEN loss or/and N-R¥® expressing
in melanocytes was performed in 50/50 medium tddaaay spontaneous transformation
(melanocytes in Halaban medium spontaneously tamsfd, see section 3.2.2). To
quickly and easily confirm that transformation waduced by gene switch activities and
produce colonies visible under immunofluorescena¥oacope, a cmv.stop.EGFP plasmid
was co-transfected to tag melanocytes together WipCre at a ratio of 1:3 (to render all
EGFP expressing cell are TRP2Cre transfected)virith type, monogenicA5PTEN ™

or N-Ra¥*®) and bigenicASPTEN*™/N-Rad"**! melanocytes. Following 4-5 weeks
continuous culture in presence of °M) Ru486, green colonies expressing EGFP were
formed in all transfected different genotypic c€lsg 32 and Fig 33). The morphology of
colony cells, however, was significantly differetetween colonies formed from

transfections of different genotypic cells.

In wild type control dishes, green cells withouieotation were often observed as separate
events (close individual transfected cells) ratttem a colony proliferated from single
transfected cells. Indeed, two likely colonies fedby single transfected cell amplification
were observed among three C57BL6 dishes but cetmned a normal morphology.
Moreover, there are only 3 and 4 cells comprisedaich colony in contrast to the most of

colonies formed in transgenic cells consisted oherous cells (Fig 32, left panel).

Following biological function loss of TSG PTEN vi@o-transfection of TRP2Cre and
cmv.stop.EGFP intacA5SPTEN™™ melanocytes, greater numbers of green coloniek stil
without orientation were observed in transfects@® TEN*™ melanocytes dishes than in
transfected C57BL6 wild type control dishes. Thesenies were also bigger than control
colonies, as PTEN loss promoted cell proliferatibiowever, the melanocytes in PTEN

null colonies remained contact inhibition charaster (Fig 32, right panel).
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Figure 32: Colonies formed in wild type adsPTEN™ melanocytes. Green colonies
without orientation formed in TRP2Cre/cmv.stop.EGE®transfected primary cultured
melanocytes of wild type (left panel A, B) andaFPTEN™™ (right panel C, D) following
4-5 weeks continuous culture in presence of RuB86tographs were taken at 200x. More
and bigger green colonies obtained fraBP TEN™™ melanocytes (right panel) due to loss
of PTEN function switched by active Cre recombinaséer control of TRP2 promoter,
whilst single transfected melanocyte-clusters mathan formed colony (2 pictures of left
panel show a few such clusters or ‘colonies’) oredly observed from transfected wild
type C57BL6 melanocytes. Arrows show colonies witharientation or may be just green

cell clusters.
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In contrast to the colonies formed in wild type as8PTEN*™ melanocytes, TRP2Cre
transfected cmv.stop.N-R48' primary melanocytes formed more and various ce®ni
due to the expression of oncogenic protein N¥®4agollowing Ru486 treatment (Fig 33,
A-C). N-Rag*®* expressing colony cells presented as various shagh most being
spindle shaped consistent with a transformed nallme green colony cells looked capable
of a degree of migration/invasion either growinghivi another colony or grow on the top
of another brown colony, which could be the resf@ilhon-EGFP transfection as TRP2Cre
DNA was transfected at a higher 1:3 ration (EGHRP2Cre applied) or possible result of
EGFP expression turning off caused green immunogkaent protein expression 10ss in

some colony cells due to the toxicity of EGFP egpi@n (A).

In bigenicASPTEN"™/N-Rad*®* melanocyte cells, loss of PTEN function in additiof
N-Rag*®*expression following TRP2Cre transfection and Ru#8&tment induced a lager
number of colonies with obviously more cells in lr@aolony. However the area of green
colonies (D-F) seemed smaller than of those cofofoemed in cmv.stop.N-R4$* and
ASPTEN"™ monogenic dishes suggesting that theses melanaaijgéelsup on each other.
Cells in these colonies lost contact inhibition releteristic of normal cell to become
multiple piled up layers and thus it was impossitdedistinguish individual cells, and
colonies were smaller and more compact despite malle than some of those formed in
monogenic dishes. This suggested an increasedivevability especially in colony F by
growing on top of the surrounding melanocytes. Hmveeven these colony cells senesced
eventually following 5-6 passage sub-culture sutyggsthat these cells were not
immortalized. Moreover, this may have been thevitro equivalent of the melanocyte

cluster effect observed in pigmented papillomacdagies (Section 3.9).
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Figure 33: Colonies formed in N-R4& and ASPTEN™™/N-Rad*®' melanocytes.
Potential transformed colony formed in N-B¥5 (A-C, 100x) monogenic dishes and
migratory/invasive ability promoted by PTEN functitoss inASPTEN*™/N-Ra®*®* (D-

F, 200x) bigenic melanocytes following co-transi@etof TRP2Cre and cmv.stop.EGFP
(3:1). Photos were taken after 4-5 weeks continumutire in presence of Ru486 post

transfection.
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3.7.2. G418 selection

To verify in vitro results obtained by immunofluorescence markingasfsformed colonies
as described above, CMV-neo (a plasmid allowing &4glection in 50/50 medium
applicable to result in only transgene expressiel) growth) was employed instead of
cmv.stop.EGFP to transfect primary melanocytes tmsl provides a more stringent
assessment of transformation potential and avadtisntial problems from EGFP toxicity.
Following co-transfection of TRP2Cre and CMV-necol(8f DNA concentration to allow
TRP2Cre transfect all CMV-neo transfected melaregyt20@uig/ml of G418 (optimized
in titration experiments to kill untransfected seNithin 3 days but not too toxic to prevent
colony selection) was added into transfected disbheselect CMV-neo transfected cells
and 10°M Ru486 was presented to activate TRP2Cre to alloRel®* expression and/or

PTEN function loss.

Fig 34 shows different numbers of the colonies fednin each dish per transfected
genotype following G418 selection. Possibly duecemtinuous G418 selection pressure
and the slow growth of primary murine melanocytéheout keratinocyte feeders, the time
to obtain reasonable colony size took longer thaqreeted. Tiny, visible colonies appeared
at week 6-7 post transfection, with clear diffeememerging between transfected colonies
as show at 10-11 weeks selection of G418. In thgsré, colonies appeared in all
transfected dishes but with significant differentmber and size of colony in various
genotypic cells. In C57BL6 melanocytes, very fewlscesurvived G418 selection to
occasionally form a very tiny spontaneous colongymmally visible only under the
microscope, in contrast to big, black and obvioobmies formed inASPTEN™ ™ N-
Ra¥*®! and ASPTEN"™/N-Rad"*®! melanocytes given function loss of PTEN or/and N-
Ra¥*%! expression. Additionally, N-R¥¥* expressing dish formed more colonies than

ASPTEN™™  dish. Furthermore, although various size of caeniformed in both

ASPTEN"™ and N-Ra¥®! dishes, more significant size difference betweetordes
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presented iM5PTEN™™ dishes with some are extremely big while otheesreally tiny
which are visible only under microscope, compaceddionies formed iA5PTEN™"™/N-
Ra¥®®! that appeared almost similar sized. These resmésconsistent with the results
obtained from the previous EGFP-based immunoflwamese transfection observations.

Again, there are more colonies presented3RTEN™™/N-Rad"*®! than inASPTENY™

and N-Ra¥*®'dishes.

Figure 34: Colony formation in TRP2Cre/CMV.neo emisfected primary melanocytes
following G418 selection. Colonies formed in difat genotypic primary melanocytes
following cotransfection of regulator TRP2Cre tdgat with selecting plasmid CMV-neo
and G418 application. There are tiny and few ditticvisible colonies in C57BL6 dishes
(A), more and variable size colonies in monogen&amocytes disheA5PTEN*™ (B)
and N-Ra¥**(C) while ASPTEN*™/N-Rad"*®* (D) gave most colonies. The results are

consistent with the previous observation of greaories using EGFP protein as a marker.
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By comparing (Fig 35) cell morphology between cadsnformed in different genotypic
melanocytes, identical results to the unselectgubixents (3.7.1) were obtained. Again,
selected C57BL6 cells grow very slowly eventuabyniiing a few tiny colonies (A) with
some are microscopic (B). Colonies formed ABPTEN™™ melanocytes were much
bigger than those in C57BL6 dishes because thetiiméoss of PTEN promoted cell
proliferation. Cells in both colonies retained theoantact-inhibition characteristic and grew
as monolayer even in the dense colonies (C). @elt®lonies formed in PTEN function
loss presented a relatively normal morphology axcrileged above suggesting that PTEN
loss promoted cell proliferation but not transfotioia, unlike cells in N-R&5%* expressing

colonies (3.7.1 and below)

Figure 35: Colony cell morphologies in wild typedaf5PTEN*™ melanocytes. Colonies
formed in TRP2Cre transfected6PTEN*™ primary melanocytes following 2p@/ml

G418 for 10-11 weeks selection. PTEN function Ipssmotes cell proliferation to form
very big colonies (C, D) compared to spontaneouknoes formed in wild type

melanocytes (A, B). Photographs were taken at E3@ept B (400x).
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Consistent with the results obtained from 3.7.hgigjreen fluorescent protein as a marker,
in contrast to the colonies formed in wild type,Re4"® expressing dishes form more
colonies and furthermore, colony cells (Fig 36, ApBesented different shapes from those

cells in normal melanocytes dishes and&PTEN*™ dishes.

In addition to forming a greater number of colonidsn in monogenic and wild type cells
(Fig 34), the morphology of bigenic melanocyte £&bs significantly different from those
monogenic and wild type colony cells (above 3.7Addition of PTEN functional loss
(ASPTEN™™) to N-Rad*®* expressing promoted a further change of cell muggy in
ASPTEN"™/N-Rad’*®! colonies (Fig 36). The most important factor amothgse
differences is that cells in these colonies losttact inhibition characteristics to gain
multilayer growth ability of the characteristic wansformed cells, thus it is impossible to
distinguish any single cell in the centre of thesinies. Furthermore, these colonies have
more spindle shape cells with disappearing of thresed and oval shaped cells which
mainly presented in normal cultured melanocyteg () and thus, cells in these bigenic
colonies are different again from cells in thosdooms formed in wild type and

ASPTEN™™ or N-Rag*®* monogenic melanocytes as presented in Fig 35.
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Figure 36: Morphology of colonies formed in N-R¥S and ASPTENY™/N-Rad’*%%. A

number of different colonies formed in monogenicREY*®* (A, B) and bigenic
ASPTEN™™/N-Rad"*®* (C-F) melanocytes following regulator TRP2Cre m@mnsfection
with selective vector CMV-neo and continuous G4HBedion. Cell morphologies in
ASPTENY™/N-Ra&*®! colonies are significantly different from thosedalonies formed
spontaneously (wild type, Fig 35 A, B) or monogeNi®RRad*®! (and ASPTEN"™ in Fig

35 C, D) dishes due to promotion of PTEN functiossl on N-R&5%* oncogenic protein.

All photos were taken at 50x.
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This colony formation analysis vitro demonstrated that PTEN function loss promoted N-
Ras initiated tumourigenesis to form colonies vatlransformed nature. In addition, the
finding that ASPTEN™™/N-Rad*®* colony cells still senesced and were viable iheks
for months but were not immortalised, was conststath the eventual conclusion to this

study that an N-Ras/PTEN redundancy apparentlysaxisivo (below).

Collectively, by inventing 50/50 medium where pripnamelanocytes grow without

spontaneous transformation, unlike cells culturedHialaban medium, and optimising

transfectable capacity (see 3.2.2),imwitro inducible gene switch model was established
able to select colonies without contamination frdtaratinocytes or spontaneous
transformation or spontaneous progressing to anoiraiised phenotype. The results
verified PTEN promotion of N-Ras initiated tumoletgesisin vitro, which is consistent

with the previous reports in cell lines, and thet fdnat these cells were viable for months
but senesced eventually, implied a redundancy lstweTEN loss and N-Ras genes,
which was also proven by the experimemntsvivo where PTEN and N-Ras were both
revealed to induce melanocyte apoptosis but ladkedpower to ablate this protective

pathway without additional genetics events for sfiagk.
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3.8. Phenotypes obtained from EICre/N-Ra§® and EICre/N-Ras’*®

IASPTEN™/

Initially no immediate phenotypes were obtainedrfr&ICre/N-Ra¥® nor the mouse
lines, EICre/N-Ra$*YASPTEN*™ andEICreASPTEN™™ | which were put on procedure
later for the testing of PTEN loss promotion on BsSR®® initiation, whereas H-Ras
expression in a CDKN2A gene deficient backgroundcessfully produced melanoma
(223). However, all mice were kept on proceduraetst whether N-Ra&%! expression

and/or PTEN function loss would produce melanonmen&ally or any other phenotypes.

Following more than one year on procedure, an dyengtype, very similar to that
presented in the recently published Ackermann modletonstitutive N-Ras expression
(215), was obtained in EICre/N-R48% bigenic mice. Yet the addition of PTEN functional
loss in EICre/N-Ra$°YASPTEN™™ trigenic mice failed to produce additional
phenotypes, nor accelerate appearance of the Na$tasiated eye phenotype, which
indicated that in this case biological functiondasf the PTEN gene lacked an ability to
promote N-Rd%®! initiation unlike H-Ras/PTEN synergism in keratigtes (246).
However cutaneous N-Ras expression apparenthaligitiailed to result in a phenotype,
but as outlined below, this was revealed latere@be to induction of a caspase-dependant
apoptosis pathway which eliminated the melanocyipufation resulting in white hair.
Here functional PTEN loss still resulted in thisopfotic response in melanocyte and thus
again, additional PTEN loss did not provide anraléve pathway to overcome this
surveillance mechanism which therefore, negatedmaesha formation in this model. Also
unique to the EICre model was the presentation afderian gland adenoma, which was
absent in alternate models, and may have beensegoence of different promoters and/or

different Ras alleles as discussed below.
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3.8.1. Phenotype 1— enlarged eyes and harderian gthadenoma

3.8.1.1 Enlarged eyes

Ru486-treated mice were checked twice a week fgrpnenotypes when the Ru486 (or
vehicle control) treatment was applied. Althougtither bigenic EICre/N-R&5®* nor
trigenic mice EICre/N-RAS*YASPTEN™™ had developed melanoma, an unexpected
phenotype of enlarged eye was displayed in botbrgand trigenic mice following 12-15
months of systemic Ru486 treatment, which was absezither Ru486 treated monogenic
mice or vehicle (ethanol) treated bigenic and trigecontrols (Fig 37). This somewhat
alleviated concern that the gene switch was nootional in vivo because the controls
remained normal although following treatment targepression was confirmed both in
cultured cells and in skin biopsies (see 3.5.2. atd2.). Biopsies were obtained from
phenotypic mice for further analysis although thgsieenotypes were unexpected

particularly in Harderian glandsbut a site proved to express tyrosinase (472).

H&E stained micrographs of formalin fixed phenotygiyes displayed a much larger size
and a predominance of melanin (Fig 38 A-D), posgsibidicative of melanocyte
hyperplasia in the RPE rather than overt tumothiatstage, compared to control eye (Fig
38 E, F) when micrographs taken at the same magtidn (50x). Furthermore, it had been
expected that the trigenic EICre/N-REYASPTEN™™ would elicit melanoma because
given oncogenic N-R&&' expression and PTEN tumour suppressor gene deletio
however this trigenic mouse line did not generatg @additional phenotypes compared to

bigenic mice.

This result coupled to the failure to develop metaa in trigenic mice revealed that
tumour suppressor gene PTEN deletion appears sotewhat redundant in cooperation
with oncogenic N-R&5°! expression in melanocytés vivo and therefore, clearly PTEN

loss functions differ from CDKN2A gene. Although aiinthe role of whether PTEN loss
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would cooperate with N-R¥®! was investigated furthein vitro (see 3.7), the data
demonstrated that PTEN and N-Ras would cooperatentaianocytes were still not
immortalised. This would fit into a redundancy idelaservedin vivo and the lack of a
cutaneous melanocyte phenotype also prompted aofesthether microenvironment
disruption via keratinocyte hyperplasia would affelanocyte fatéen vivo in a synergism
that allowed N-R&$®: expressing melanocyte dysregulation to give a gtype that

resulted in melanoma (see 3.10 below).
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Figure 37: Presence of enlarged phenotypic eylesndtypic eyes obtained in EICre/N-
Ra¥®®! and EICre/N-Ra5*/ASPTEN™™ mice following 12-15 months of systemic
treatment of Ru486 (twice topical painting and onPBeinjection per week). Vehicle
(ethanol painting and sesame seed oil injectiegtéd trigenic control mouse (mouse 1)
remained normal while phenotypic eyes appearedud8R treated bigenic and trigenic
mice (left eyes of mice 2 and 3; right eye of modsehich is mild compare to eyes of
mice 2 and 3). The histology of formalin fixed pb&pic eyes was further assessed by
pathologists in the Veterinary Pathology Departmevieterinary School, Glasgow
University, who reported no evidence of melanomad,the presence of corneal ulceration
and mild hyperplasia in the RPE layer. However, ghthologists also reported harderian
gland adenoma, an unexpected phenotype which tuwwoedo be due to the expression
characteristics of the EICre regulator transgerfechivagain relieved concerns over a lack

of expressionn vivo (468)(See below).
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Figure 38: H & E staining of phenotypic EICre/N-Rages (A-D) compared to normal
controls (E, F) taken at the same magnificationx)5@ll phenotypic eyes displayed a
larger size and a predominance of melanin (arroity) avthicker RPE indicative of cellular
hyperplasia. Abnormal folded neuroretinal and egddr choroid were also observed in
these phenotypic eyes (also see Fig 51 at secd)n®he specimens were further checked
by pathologists in Glasgow University who reporteal evidence of melanoma, but the
presence of corneal ulceration and mild hyperplasithe RPE layer. The result simply
exploited to confirm successful gene switch agtiyNl-Ras expression) following Ru486
treatmenin vivo and we assume that N-Ras induced RPE hyperpldschwas absent in
untreated or vehicle treated controls. This phgmotyas not studied in further detail as it
is not uveal melanoma but relieved concerns ovegtidr the gene switch system was

workingin vivo and whether N-Ras was sufficiently expressedvo to give a phenotype.
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3.8.1.2. Harderian gland adenoma

Employing similar tyrosinase transcriptional eletseto express Cre and report alkaline
phosphatase (AP) expression, Toeksl, determined tissue specific Tyr-Cre transgene
expression in embryonic cells and the fate mapsealed that the harderian gland had
report gene activity (468). Due to the obvious butge, when we harvested the enlarged
eyes from those Ru486 treated EICre/NX¥&bigenic and EICre/N-RELYASPTEN™™
trigenic phenotypic mice, further dissection displayed aepotlsurprise unexpected
phenotype—enlarged harderian glands with a pathology diaghoas adenoma by
pathologists in Veterinary Pathology Departmenttieviaary School, Glasgow University.
The harderian glands obtained from the phenotypae rwere much bigger than the ones
obtained from Ru486 treated wild type or vehickeated transgenic mice, although the
sizes of phenotypic harderian glands varied betviregimiduals (Fig 39). H&E histological
staining of both phenotypic and normal harderiaands also revealed that transverse
sections of the phenotypic glands are much bigban tthe normal, and possessed a
significantly different histotype compared to noimader low magnification (Fig 40, 50x).
Initially, under the low magnification, little histogical difference was observed between
normal and certain parts of phenotypic glands (g B, 50x), but under the high
magnification (100x for left panel and 200x forhigpanel) the differences between normal

(Fig 41, A, B) and phenotypic glands (C-F) becareaus.
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Figure 39: The size comparison of harderian gldretaieen phenotypic mice and normal
control mice. Harderian glands adenoma from Rud&étéd phenotypic bigenic EICre/N-
Ra¥*%! or EICre/N-Ra¥**YPTEN"™ trigenic mice (left and middle in each panel) wefe

a much bigger size compared to wild type or vehictated bigenic mouse control (right

in each panel).
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Figure 40: H&E staining of normal and phenotypiadeian glands. The transverse
sections show the different sizes of harderian dganbtained from normal (A) and
phenotypic (B-D) mice. The adenoma histology ofrgtgpic glands was also revealed in

the larger phenotypic harderian glands under thentagnification (50x).
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Figure 41: Higher magnification (100x for left paie C, E and 200x for right panel B, D,
F) shows subtle differences between normal andgifipic harderian glands. Compared to
normal (A, B), significant structure difference wasealed in phenotypic glands (E, F). As
shown on Fig 40 B, some parts of the phenotypindgdooked very similar to the normal
gland under lower magnification (50x), however, aenoma pathology was clearly
indicated at higher magnification (C, 100x and MO®). This unexpected phenotype
turned out to be due to the expression charadterist the EICre regulator transgene as
cited in the text that other groups reported haadeexpression of this promoter (468).
Thus these phenotypes were not studied in furtlegaildout again simply exploited to
confirm successful gene switch activity followingu486 treatmentin vivo and relieved
concerns over a lack of expressiomvivo as we assume that N-Ras induced harderian

gland adenomas which were absent in untreatedhocledreated controls.
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3.8.2. Phenotype ll-white hair and hair loss: An uexpected apoptotic phenotype

With time, collectively each logical stepwise arsadyof the technical components of the
model and troubleshooting both vitro andin vivo began to clearly indicate that firstly
transgene construction was correct; the transgewmestually had biological activitieis
vivo andin vitro, N-Rad’*%* expression and PTEN loss transformed but did matartalise
primary melanocytes. Thus, the vivo model was more closely examined and it became
clear that what was originally assumed to be aifaattof plucking C57BL6 mice was in
fact a real, but very subtle phenotype; i.e. tradpction of white hairs following treatment
giving a more grey appearance to the treated aité,a premature (slight) greying to the

overall coat colour in the long-term treated bigemice.

One aspect of activated Ras is that normal cellsi@ogenerally tolerate its expression
well. Thus, deregulated or activated oncogenic $gsalling can induce apoptosisvitro
through a caspase-independent pathway if the poptapc pathway overcomes anti-
apoptotic mechanisms when the oncogenic Ras formxjmessed and this effects the
balance of cell fate determination (473;474). Reitg 12-15 months continuous systemic
treatment, other than phenotypic eyes and hardgfeard adenomas, it became clear that
another phenotype of white hair and moderate bas Wwas consistently observed in treated
EICre/N-Ra¥*®!, EICreASPTEN™™ and EICre/N-R&$*YASPTEN™™ mice separate to
the general greying of the fur observed in oldecanisuch that younger individuals

appeared older.

Given the well characterise apoptotic response &s Rctivationin vitro, this result
suggested that this subtle phenotype was due tapbptosis of melanocytes induced in
hair follicles by N-Ra¥*®* expression in EICre/N-REE mice. A very similar phenotype
of white hair and hair loss was also observed valhg PTEN loss, and while TSG PTEN

loss would suggest a reduction in apoptotic capatdt AKT up-regulation, this TSG plays
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a multifunctional role in melanocyte and thus ipears that the loss of PTEN functions
also resulted in melanocyte apoptosis in EISB®TEN"™ . Hence this apoptosis maybe a
possible common pathway induced as a compensagésponse to loss df5PTEN™™
function as well to expression of mutant N-i85in N-Rad**¥ASPTEN"™ mice, their
lack of cooperation to overcome this response atdi that a redundancy may exist
between TSG PTEN loss and N-B¥S activation in melanocyte. If so this result woblel
an important finding, as it was known that Rasvation can induce an apoptotic response

invitro (473;474).

In such phenotypic mice, the dorsal hairs at tebaites re-grew as white un-pigmented
shafts, as did the hair on back, sides or bell\syora@ably due to Ru486 run off or IP
injection, while age matched control mice remaimedmal. In addition these mice also
began to exhibit hair loss starting during tHet& 6" hair plucking cycle. On the back, hair
loss is limited within the painting area althougkirHoss on sides and belly where are not
the Ru486 treatment areashowever, Ru486 could be delivered to these areasibg
themselves scratching and by IP injection. The evhdir was initially observed at only a
few independent sites which sat among mostly blesks and started to appear as early as
at the 2% hair plucking cycle (Fig 42) when the control casaemained normal. Indeed,
control mice occasionally presented a few whiteshaihen at age of >6 months but they
appeared randomly and the number of white hairslam@drea they presented are markedly
less than those presented in treated transgene; mscshown in Fig 42. To confirm this
idea, skin biopsies were taken from white hair glowreas and compared with skin
samples taken from hair growth normal mice. TRRA&nstg, to identify melanocyte,
revealed that there were more melanocyte-contaifaltigles in normal skin than in skins
taken from Ru486-treated transgenic mice, a resulsistent with appearance of white hair

areas (Fig 43).
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Figure 42: White hair or hair loss appeared in N4%4 expressing and/or PTEN
functional loss transgenic mice. EICre/N-B8Y EICreASPTEN™™ and EICre/N-
Ras**YASPTEN*™ mice gave white hair or lost hair (left mouse iotth A and B)
phenotypes following 7-8 month on procedure whike age-matched controls (right mouse

in both A and B) hair growth remained quite normal.
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Figure 43: Different number of melanocytes and metgte-containing follicles between
normal skins (A-C) and white hair/hair loss skii3K). Obvious melanocytes (green)
reduction and melanocyte-containing follicles weteserved in biopsies of skins taken
from white hair/hair loss (D-F) mice while more mebcytes and a larger portion of
melanocyte-containing follicles detected in conskihs (A-C) employing immunostaining
of melanocyte specific marker TRP2. Skin biopsiesemaken at day 10 post-plucking
when maximum melanocytes obtained as previouslgaled. As seen in the figure, either
vertical cut (A vs. D) or horizontal cut (B, C \Es, F) sections possessed more melanocytes
and more melanocyte-containing follicles in nornséins than in white hair/hair loss
mouse skins. At least 5 separate fields from 5 re¢pdransgenic biopsies taken 10 day
post plucking and Ru486 or vehicle treatment prieskthese same features of reduced
melanocytes as well reduced melanocyte-contairofiigles in treated bigenic mice. See

Fig 44 also.
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3.9. Melanocytes loss in EICre/N-Ra§*" and EICre/N-Ras”**/PTEN™"™

micevia caspase-3 mediated premature apoptosis

Given that Ras expression can induced cell apaptosivitro (473;474), N-Rd$®
expression in melanocyta vivo, specifically at the low level initially induced/lthe gene
switch, may cause apoptosis via a shift in therzdaof pro-apoptotic and anti-apoptotic
pathways in anagen and catagen, and thus negagétgnoma formation. Therefore to
investigate whether melanocyte apoptosis was irdibyeN-Ra¥%%* expression and played
a role in the failure of melanoma formation in E#(M-Rad*®' and whether a
compensatory pathway of anti-PTEN loss resultedthe failure to promote N-Ras
tumourigenesis in EICre/N-REEYPTEN™™ mice, melanocyte growth in different
genotypic mice were analysed vivo. Anagen follicles were obtained by plucking back
hair to initiate hair cycle followed by Ru486 trent to induce N-R&&! expression and
inactivate PTEN function. The numbers of anagehcfes was assessed for melanocytes
as in Fig. 44 via TRP2 expression and apoptosityseth via immunostaining for active

caspase-3 expression patterns in the differenttgpes.

3.9.1. Reduced numbers of melanocytes

Following hair plucking and Ru486 topical treatmeskin biopsies were taken at different
time points to monitor melanocyte growth by immunofescence analysis of TRP2 as
defined before. Skin biopsy samples were embeddeparaffin and sections cut and
stained for TRP2 (green) and the numbers of TRPstipe (melanocyte) hair follicles

counted. The results (Table 4 and Fig 44) revetlladat the time of plucking among all of
genotypes, few melanocyte positive follicles weamnethe telogen phase. As always, the
follicles harbouring growing melanocytes increageaidually to reach a peak at day 7-10

post plucking, which confirmed the results of expents performed in Fig 26.

However, the trend of melanocyte disappearance aim follicles following Ru486
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treatment was different between genotypes. In nbmild type C57BL6 and N-R&&:
monogenic mice, the peak of the number of follicksich express Trp2 melanocyte
extended to 14 days post-plucking by which time tndsnot all, melanocytes had
disappeared in EICre/N-R48%, EICreASPTEN"™ and EICre/N-Rd§%Y/A5PTEN™™
mice (pictures not shown because they are almesttihl to that ofEICre/N-Ra&*®?).
There was no detectable melanocyte in any genoigptse end time point (21 days post-

plucking) of the experiment.

One interesting observation was that the peak tfmaelanocyte growth initiated by hair
plucking appeared later in PTEN loss mice (EIGBSTEN™™) than in other genotypic
mice (day 10 vs. day 7), although analysis wascaotied at day 0 and day 3 due to the
source shortage. Moreover, the percentage of meytem (1/3) stained follicles is less than
others (1/2) when the maximum melanocytes obtaamebithe peak time is shorter (only at

day 10) than others.

These observations are not in agreement with teeiqus results in which PTEN loss
enhanced stem cell growth rate and proliferatiomitro (reviewed in (475)). However it
appears in this context that possibly being thepamatory pathway of anti-PTEN loss in
melanocytein vivo in the same pathway as N-Ras based on their redeydthe same

apoptosis happens to protect the individual frowettging deadly melanoma.
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s 3 days
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14 days

Figure 44:1n vivo melanocyte growth in different mouse genotypesagem was induced
by plucking, followed by Ru486 treatment to actevédrget gene expression. Skin biopsies
from plucked/Ru486 treated areas were taken aérdifit time points and subjected to
immunofluorescence analysis for melanocyte speTiR®2 expression (green). All 0 days
photographs and the photograph of EICre/NY®sit 14 days were taken at 50x to show
as many follicles as possible, while others wekenaat 100x to show reduced numbers of
melanocytes in treated vs. normal skin. These waemntitated in Table 4. Figures of 21
days post-plucking are not shown because all areatagen where no melanocyte is
detected.
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Table 4: Ratio of melanocyte-containing folliclesél follicles at different time points

following hair plucking (days) and Ru486 treatmeks. shown in IF micrograph (Fig 44)

each section counted was oriented and cut to shawfull length of each follicle,

regardless of stage and not squint cut where tHanoeyte-containing bulb regions may

be lost. The data are the average numbers frorfie3atit mice where 3 separate fields of 3

separate sections were observed via immunofluanescmicroscope at magnification of

50x (Fig 44).

0 1 3 7 10 14 21
C57 7/43 | 5/53| 3/45| 29/59 40/7p 33/72 O
N-Rag/s® 0/42 | 0/53| 12/33| 10/43 35/52 22/54 O
EICre/ ASPTENY™ na 2/43| na 3/44 | 17/61 4/62] O
EICre/ N-Ra¥*®* 1/44 | 0/58| 58/91| 29/61 27/71 0/78 0
EICre/N-Ra8%*YASPTEN™™ | 0/35 | 6/58| 24/54| 32/78 1/64| 0/65 0
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3.9.2. Melanocytes under go a caspase-3 mediatedpiosis

Investigations revealed that in treated N-R¥sandASPTEN expressing mice there were
fewer hair follicles bearing melanocytes than ie agatched control mice. This suggested
that expression of activated N-R&¢ and/or PTEN loss induced an apoptotic response in
melanocyte consistent with the growth of white hemd earlierin vitro studies where
activated Ras was shown to induce apoptosis (443;4l0 address this question and
determine whether melanocyte undergo apoptosigvo through a caspase-dependent
pathway, immuno-staining for the cleaved, activanfoof caspase-3/9 was performed,
using K14 expression as a counterstain to delinkattatinocytes from melanocytes (Fig
45). In control mice, 14 days post plucking, onlgiagle caspase-3 positive melanocyte
was observed (Fig 45 A), whereas in all Ru486 éebdii- or tri-transgenic genotypes
analysed, caspase-3 expressing melanocytes weeetetbtin numerous follicles (B:
EICre/N-Ra¥®%; C, D: EICreASPTEN™™ and E, F: EICre/N-R&YASPTEN"™).
Typically mice expressing N-R&8* and/orASPTEN exhibited more than 10 hair follicles
with various numbers of caspase-3 expressing mejae® throughout a section. However,
it was noted that while N-R¥E* or ASPTEN expression gave more caspase-3 positive
melanocytes than wild type controls, the numbetasipase-3 expressing follicles was not
additive in trigenic EICre/N-R&&YASPTEN"™ mice. Hence, PTEN loss apparently
induced a similar mechanism of caspase-3 medigtegtasis to that of N-Ras, which
suggests a redundancy in their oncogenic funct@spite the resuih vitro co-expression
was synergistic although unable to achieve immitytglsee above section 3.7 and

Discussion).
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Figure 45: Analysis of Caspase-3 expression in faiicles. Double-label staining for
caspase-3 (green) and K14 (red) expression in blapsies to investigate potential
melanocyte apoptosis at day 14 post plucking, shoareased caspase-3 expression in N-
Ra¥*%! and/or PTER" mouse skin vs. wild type skin at sites of melatedgcations.
Although not directly labelled for melanocyte markethis location, cell shape and
dendrites as well the lack of K14 expression suilied these cells were not keratinocytes
but melanocytes under going apoptosis. A: C57BL&emiB: EICre/N-Rd$®:; C-D:
EICreASPTEN*™: E-F: EICre/N-Ra$*YASPTEN™ ™ All photographs were taken at

400x.
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3.10. Effects of the microenvironment on induciblenelanoma model

generation: Melanocyte survival during papillomagersis

Keratinocytes can secrete numerous regulatory fat¢tocontrol melanocyte development
as well as to play potential roles in melanoma fron (470). Thus, it is thought that
keratinocytes exert significant control over thgulation of melanocyte physiology and
failure of this regulation by keratinocytes may tidmute to melanoma formation
(465;476). Further, it is well known that the mienwironment can influence melanoma
aetiology, as observed in several models e.g. geams HGF/SF overexpression where
melanoma formation was accompanied by epidermatimgsia in neonates (40). Indeed,
many transgenic mouse models of melanoma are a@oetpby keratinocyte hyperplasia
at early stages (216;217;221). Therefore, to asghsther N-Rd5% expression and PTEN
functional loss would produce melanoma if the meerndronment was disrupted and to test
this seed/soil hypothesis (471), a K14Cre regulates introduced into the model to
express these inducible mutations in keratinocyResviously this was employed to assess
H-Ras cooperation with PTEN loss in carcinogenegsch induced epidermal hyperplasia
and formation of benign squamous cell papillomag6)2 In this model, induction of
epidermal hyperplasia by N-R4& and PTEN loss in keratinocytes did not produce
melanoma or melanocyte hyperplasia. Instead irsarfating result, expression of mutant
N-Ras and functional loss of PTEN in both melanesyand keratinocytes produced
pigmented papillomas. Thus, it now appears thathin hyperplastic environment of
papillomagenesis, melanocytes did not undergoNHRas- or PTER-induced apoptosis
or the normal programmed apoptosis of catagenydiber these melanocytes acquired a

survival potential.

The K14Cre transgenic regulator strain was intreduiato EICre/N-Ra&5%/A5PTEN™™
mice to generate a tetragenic line K14Cre/EICreARYASPTEN"™ in which both

keratinocytes and melanocytes expressed N'Raand functional PTEN loss following
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Ru486 treatment. K14Cre/N-R48YASPTEN™™ mice produced similar hyperplasia
results to H-Ras cooperation witkbPTEN (246), e.g. PTEN loss promoted N-Ks
initiated tumourigenesis to induce hyperplastims&ind given the disruption to follicular
keratinocytes alongside N-R48 activaton and PTEN ablation in melanocytes,
pigmented tumours were produced (Fig 46a). Howelespite their overt pigmented
appearance, histological analysis (Fig 46b) cordanthat these lesions were pigmented
papillomas, not melanomas or nevi. These tumourssgssed typical squamous cell
papilloma pathology, where in each case darklyhstgimelanocytes can be observed (Fig
46b, A-B) with occasional clusters (Fig 46b, B an)l The majority of melanocytes
appeared to be restricted in the proliferative blsgers at higher magnification (Fig 46,
C), a result consistent with the requirement faoliferative keratinocytes as feeders
vitro melanocyte culturand with immunofluorescence analysis of TRP2 exgioesin Fig

47.
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Figure 46: Macroscopic and histological appearantepigmented papillomas. (a)
Following Ru486 treatment, tetragenic K14Cre/EIQr&ad**/ASPTEN™™ mice exhibit
tiny pigmented tumours as on the media aspect efcdrpus (arrow); (b) Histology of
pigmented tumours from Ru486 treated K14Cre/EICiRAY*°YPTEN™™ compound
mice 9909 (A) and 9912 (B) possess a typical squancell papilloma pathology with the
tumour in 9912 exhibiting a slightly more aggressikistotype. In each case, darkly
staining melanocytes can be observed and at higlagnification of the boxed areas, (C)
shows the majority of melanocytes appeared in #salblayer, whilst (D) shows the
occasional cluster of darkly staining melanocylidsese histotypes are consistent with the
results of immunofluorescence analysis of TRP2 esgion to detect melanocytes in these

papillomas (Fig 47)
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As outlined above in melanocytes, N-B%S expression and PTEN functional loss lacked
the strength to overcome cell’'s sentinel mecharismitiate tumourigenesis. This failure
to obtain a neoplastic phenotype may have deriverh fthe inducible approach taken,
where the skin developed normally into adulthoodheé¥éas in previous models
developmental expression/deletion of transgene pnayent the retention of this kind of

sentinel response in adults.

However, in this new approach on incorporationadtidular keratinocyte hyperplasia, this
did not occur in these compound mice. Thus to itigate melanocyte survival in the
aetiology of these pigmented papillomas furtheg #it/SCF signalling pathway was
analysed. The Kit/SCF signalling system has beemwsho be very important for normal
melanocyte development and proved to be a survaabr that defined the melanocyte
stem cell niche (53). Further, the migration of amelblast from murine epidermis to the
hair follicle in neonates is controlled by SCF eegmion in follicular keratinocytes (60),
and in the development of melanoma Kit expressias wndetectable or was significant
reduced, allowing for overgrowth and invasion, assbly a reversion to a stem cell
phenotype (53;273;274,;293;294). Thus Kit/SCF exqoesand co-localization of Kit with

melanocytes were analysed in pigmented papillomiagted in K14Cre/EICre/N-

Ra**YASPTEN"™ to investigate a role in the survival of pigmentedpilloma

melanocytes.
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3.10.1. Pigmented papilloma aetiology: Melanocyt®talization

In immuno-double staining, pigmented papillomasy(F6) were analysed (Fig 47) for
TRP2 (green) and K14 (red), together with diffel@idn marker keratin 1 (K1, red), as its
super-basal expression pattern helped delineatebéisal from suprabasal layers for
melanocyte location, and also indicated that thmotwrs were benign papillomas, as
typically up to 100% of squamous cell carcinomasel&K1l expression on conversion to
malignancy in many murine carcinogenesis studi€d;é¥8), with the notable exception
of novel K1 retention in TPA promoted c-Ras/PTEN carcinomas (246), where

progression proceeded independently of Ras expressi

The patterns of TRP2 staining indicated that PT&®¢ in addition to N-R&&™ expression
confirmed the histological analysis that the tunsowere not melanomas but pigmented
papillomas, in which TRP2 expressing melanocyteviged the apoptosis of normal
catagen and of N-Ras expression as well PTEN lodaced during papillomagenesis.
Comparing the patterns of TRP2 expression (Fig #h7)igmented papillomas and
hyperplastic skins against normal skin with anagfage follicles, the results demonstrated
that melanocytes remained detectable and restrictetthe hair follicle of normal and
hyperplastic skins following hair plucking (A-C) tilrthe papillomagenesis stage when the
hair follicles degraded (D-F). In an untreated nairf®) and hyperplasia (B, C) skins of
K14Cre/EICre/N-RdE*YASPTEN"™ mice, melanocytes were still confined to hair
follicle in samples taken at the anagen (5-7 ddier plucking), before the melanocytes
disappeared (7-10 days in Ru486 treated EICre/NSRassPTEN™™ vs. 14-21 days
post-plucking in normal, see table 4). In contraspillomas induced in K14Cre/EICre/N-
Rad**YASPTEN"™ mice (D-F) show that melanocytes successfully pstaapoptosis
induced by N-Rd$®' expression and/or PTEN loss in melanoblasts/mejgas, to
survive and proliferate leading to a sub-set ofnpmgted papillomas during the

papillomagenesis resulting from N-R&8 expression and PTEN function loss in
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keratinocytes.

Interestingly two most common patterns of melanesytvere detected in pigmented
papillomas: the cluster formation (D) and the ma@nmon streaks of melanocyte
confined to the K1 negative (E)/K14 positive (Fsaklayer. Thus, these results revealed
that melanoblasts/melanocytes survived within thaifprative K14 stained basal cells,
which proved to be consistent with the later fimdiof basal keratinocyte expression of

SCF creating a paracrine survival loop with Kitl{ve).
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Figure 47: Melanocytes location in normal skin, éypastic skin and pigmented
papillomas. Localization of melanocytes via TRP&ém) immunofluorescence in vehicle
treated skin (A) or Ru486 treatment elicited hypespc skin (B, C) and papillomas (D-F)

in K14Cre/EICre/N-Ra5*YPTEN"™ mice. D-F are squamous cell papillomas because
they express K1 (early differentiation maker whishost on conversion to malignancy)
nor do these benign tumours express K13 (a simptatik employed as a marker of
progression which appears sporadically in benigpillpanas and uniform in carcinomas
(data not shown) (477;478)). K1 (red) was usedcfmunterstain in A-E confirming their
benign papilloma status in D & E, while K14 (redaswused in F for basal layer location

purpose. Photographs were taken at 100x magnditatxcept 400x for F.
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3.10.2. Pigmented papilloma aetiology: Immunofluorecence analysis indicates a

paracrine melanocyte survival loop established bynirinsic Kit expression and

extrinsic keratinocyte SCF secretion

Given melanocyte survival following the anagen stamnd proliferation in pigmented
papillomas, coupled to the important roles of th#SCF for melanocyte physiology and
melanoma development (53), Kit and SCF expressianmingl papillomagenesis
development was determined via immunofluorescendglly, Kit (green) expression was
performed (Fig 48) in pigmented papillomas agansmal newborn and H-Ras expressing
newborn hyperplastic skin (246), employing kerditd as a counterstain to delineate the

epidermis and appendages.

In normal newborn (24 hours) skin, Kit expressioaswnainly detected in the developing
hair follicle with sporadic expression in a subplapion of basal cells (A). In H-Ras
hyperplastic newborn skin, Kit expression was detde in most layers of the epidermis
and hair follicles, with interfollicular basal celfetaining an expression level as strong as
in the follicles (B). In all pigmented papilloma8-f), Kit expression levels was elevated
significantly even compared to the hyperplasia, atrdngly expressed throughout the
proliferative epidermal areas of the expanded blayals, and less so in the differentiated
stratified layers although still detectable, asficored at higher magnification (E 100x; F,

200x), where Kit expression in basal layer was @ighan in other areas.

The results implied that if papillomagenesis ocedralongside the anagen stage of hair
follicles, the proliferative melanocytes survivegt bxpressing Kit (receptor) to receive
survival signals (e.g. Kit ligand SCF) from disregtmicroenvironmental keratinocytes and
suggests therefore, that a Kit/SCF related celigal/proliferation signalling pathway
overcome pro-apoptotic pathway of catagen or tiduded by N-Ra§° expression and/or

PTEN loss in melanocytes, to result in melanocgssaping from apoptosis. Surviving
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melanocytes may further proliferate to produce nmegeny due to this active Kit/SCF
loop and this idea was investigated by assessipgesgion of the SCF (Kit ligand)

keratinocytes and melanocytes.

Figure 48: Kit expression in normal skin, hyperpitaskin and papillomas. Kit expression
(green) levels elevated in pigmented papillomascited in K214Cre/EICre/N-
Ray**yASPTENY™ mice. A: normal new born skin (100x); B: transfeun(H-Ras)
hyperplastic new born skin (100x) and C-F: pigménfapillomas show significant
elevation of Kit expression (C and D, 50x) and sper Kit expression in basal layer (E,

100x; F, 200x) than other parts of epidermis. Kib#l was used for counterstain.
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3.10.3. SCF expression by basal cell keratinoyteta@s a survival loop

TRP2 staining suggests that melanocytes survivegigmented papillomas where/if
tumourigenesis occurred at the anagen phase ofdigtes when a population of target
melanocytes was available, and the elevated Kitesgon in most cells of pigmented
papillomas suggested that melanocytes survival imaye been through the Kit/SCF
paracrine loop. To investigate whether this was @u&CF secretion and released from
keratinocytes because of the disruption of melatescynicroenvironment, which binds to
Kit receptors on expressing melanocytes to allowigal, SCF (green) expression was
performed in normal adult and normal newborn skihich is naturally briefly hyperplastic
for the first few days, as well as pigmented papihs employing immuno-staining with

K14 counterstain (red) (Fig 49).

The SCF expression pattern was very similar todkiression patterns, being detected
mainly in hair follicles of normal skin, and alspasadic expression was detectable in outer
root sheath keratinocytes, but only very littleenfivllicular epidermis SCF expression was
observed (A). Similarly in new born skin which pesses a normal, mild hyperplasia (B),
SCF expression level was elevated and strongésdinollicles, with a few interfollicular
epidermal keratinocytes exhibiting a relative higlewvel of SCF expression which was in
contrast to normal skin. In papillomas in a simifashion to melanocytes localization
described at 3.9.1 via TRP2 immunofluorescencenagao categories of SCF expression
were observed: clusters and streaks respectivaly demonstrated in all papillomas. In a
striking result, under the low magnification (C afd 50x) and SCF expression in
papillomas was mainly localized in basal layersarnihe higher magnification (E, 200x
and F, 400x), which is in a direct repeat of |lazation of melanocytes via marker TRP2

and the expression of Kit.

These results are consistent with the idea thattwst SCF by disrupted keratinocytes
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supplied ligand to the Kit receptor expressed inamablasts/melanocytes at the anagen
stage of hair follicles, and thus during subsequoamillomagenesis this Kit/SCF survival
loop overcome pro-apoptotic pathways induced by ad'R* expression and/or PTEN
function loss in melanocytes to result in melanesysurvival and proliferation. To verify
these results, co-localization of Kit and TRP2 irelamocytes in those pigmented

papillomas was identified below.
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Figure 49: SCF expression in normal skin, hypetmaskin and papillomas. SCF

expression in normal adult and newborn skin andmpiged papillomas via double

immunofluorescence staining of SCF (green) and (éd). SCF was detected in sporadic
keratinocytes and in hair follicles of normal sk 100x). In new born hyperplastic skin,

focal SCF expression was detected in all layer#) Wie occasional streak in basal cells,
whilst hair follicles retained the strongest exgres (B, 100x). In contrast all papillomas
investigated exhibited elevated strong expressiodfr) in two distinct categories. Under
low magnification (50x), SCF expression was mostlyserved in streaks (C) but
occasional clusters of expression were observed Kigjher magnification (E, 200x; F,

400x) demonstrates the localization of SCF in beskllayer.
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3.10.4. Localization of Kit expression in melanoces

The results obtained from TRP2, Kit and SCF immataning described above, suggested
that melanoblasts/melanocytes survival in pigmempigoillomas was a consequence event
of keratinocytes disruption which secreted andasdd SCF signal to Kit expressing
anagen stage melanocytes during papillomagenesisofifirm if this was true and that Kit
expression in melanocytes was able to receivestgisal from the disrupted keratinocytes,
the localization of Kit expression in melanocytesswerformed via double staining of Kit
(green) and TRP2 (red) employing normal 9 days-phstking C57BL6 skin as a positive

control.

The co-localisation of Kit and TRP2 is shown in Bigy which again demonstrates that the
maximum melanocytes were presented at day 9 poskiplg, where both TRP2 and Kit
were strongly detectable in plucked normal skimesanocytes entered the cell cycle in
anagen (A). Here Kit expression was detected inTgh2 positive melanocytes. This
proved to be the case also in melanoblasts/melée®eyhich survived and proliferated in
all papillomas investigated. Consistent with theuits described above, where TRP2, Kit
and SCF exhibited stronger expression in the papdl basal layers, here once again co-
localised Kit and TRP2 expression was mostly det#etin the basal cells of papillomas
elicited by Ru486 treatment in K14Cre/EICre/N-B4¥ASPTENY™ mice either under

low (B, 50x; C, 100x) or higher magnification (4Q@«-F).

This co-localisation of Kit and TRP2 expressionmelanocytes confirmed the mechanism
outlined above, that PTEN functional loss promate&ad*®! initiation in keratinocytes
and pigmented papillomas may result via disruptedhtinocytes secretion of SCF which
provided the signal to Kit expressing melanocyted tead to SCF/Kit survival loop which

overcame Ru486-induced melanocyte apoptosis.
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Figure 50: Kit and TRP2 co-expression in skin amginented papillomas. Kit expression
was localized to melanocytes via double immunofisoence staining of Kit (green) and
TRP2 (red), a melanocyte specific marker. A, nor@&arBL6 9-day post-plucking (100x);

Papillomas B, 50x; C, 100x and D-F, 400x.
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Chapter 4: Discussion
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With the goal of development of an inducible geméteh mouse melanoma model, both

%) were successfully constructed

regulator (EICre) and target constructs (cmv.steRas”
and functional gene switch specificity subsequerdbntified bothin vitro andin vivo.
With the time however, despite induction of anagenobtain a target population of
proliferative adult melanocytes and confirmatiorNeRas expressiom vivo, bigenic lines
failed to produce melanoma following systemic aggtion of Ru486 and additional
inducible loss of PTEN function via introduction ABPTEN™™ in this model. The
repeated lack of melanoma production in trigenice{EICre/Ra¥*YASPTEN*™) drove

the experiments that establishadvitro assays to investigate and confirm N-Ras and
PTEN transformation potential, until the eventudlepotypes obtained in eyes and
harderian glands, whilst not melanoma, indicated the switch approach was working
vivo, a result consistent with tha vitro N-Ras/PTEN cooperation data. This prompted a
closer and careful analysis of treated skin for anptle cutaneous phenotype, which
discovered that one potential reason for lack dhm@ama was due to a caspase-3 mediated

apoptotic response to N-R4% expression and/or compensation to PTEN functi@s lo

and therefore gene function redundarcyivo.

Even so, in the interim experiments had progredsedsses the effects of seed/soil
hypothesis on melanoma aetiology by incorporatwitictilar keratinocyte hyperplasia in
the model to affect the microenvironment. Here #féect was to overcome this
melanocyte apoptosis allowing their survival, bustresulted in a pigmented papilloma
not melanoma. The aetiology of pigmented papillomahis N-Ras/PTEN murine model
suggests that such tumours arise when papillonmadion occurs alongside hair growth
and incorporates anagen melanocytes. This ideasipported by the facts that only a
subpopulation of papillomas were pigmented and tipagillomas containing melanocytes
arose at approximately 4 weeks when the secondepdfasynchronised hair cycle occurs.

This may also happen in humans where seborrhemids®s also contain melanocytes,
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although in humans the melanocytes may also arse the interfollicular melanin unit.
Nonetheless, our data suggest that the SCF sedmgtéxhinsformed, proliferative basal
layer keratinocytes provides a survival loop fort Kixpressing melanocytes during

papillomagenesis.

Although this model failed to produce melanoma, doe compensatory apoptotic
mechanism, several other studies have providedalldunsight into melanoma aetiology
in humans. Such models often require p16/pl9 deficmice (215;223;439) and exploit
keratinocyte hyperplasia to develop melanoma in H&pressing mice (40). Here in the
latter models neonatal UV exposure directly ledntelanoma in adults, thus mimicking
human pathology (See section 4.6) whilst in adult8 exposure promoted Ras
tumourigenesis (221), as did INK4a/ARF deficiencgmpotes (349). Recently, oncogenic
N-Ras was shown to collaborate with deficiency RFA but interestingly not p53, to fully

transform melanocytes (357). Indeed for murine ngdie introduction of pl16/pl9

deficient mice and/or other melanocyte/melanomaelb@ment related factors in this
inducible gene-switch model will provide an up-tatel superior mouse model to mimic

multi-stage human melanoma development.
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4.1. Construction and identification of transgenes

Through DNA recombination, a hetero DNA fragmentcéa into a mammalian cell can
locate and recombine with the endogenous homologeggiences. Site-specific gene
targeting systems have made it possible to gefigticeanipulate embryonic stem cells
and the mouse germline. Recent advances usindogPeand FIpFRT systems give
scientists the possibility to design and generatenine mutations following a single gene
targeting event, as well as inactivation of genmesiconditional manner in the living
mouse. In a CréexP based conditional gene-switch system, Cre reauasbirecognizes
sequences ofoxP to determine whether to excise DNA fragment betw@ directly
orientatedoxP sites or to invert the intervening DNA betweenzrtedloxP sites (Fig 4).
Two inducible systems based on Cre recombinase lbe®e independently developed by
fusing a truncated progesterone ligand-binding dorf@rePR) which binds mefipristone
(Ru486) but not progesterone (440;479;480); andudant estrogen receptor (CreER)
which is activated by binding 4-hydroxy (OH)-tamiexi, but not to natural beta-estrodial
(481-485) thus minimising interference with norrharmone physiology whilst providing

temporal Cre recombinase activity for conditionahg expression/inactivation vivo.

To initiate a CrePRéxP conditional gene-switch model, two componenta géne switch
are required: the cell-specific regulator half inmmrating CrePR and target transgene half
containingloxP-genetoxP orloxP-stoptoxP-gene, and followed by crossing of transgenic
lines expressing these two halves. In this studlanocyte specific EICre and TRP2Cre (a
cited stronger and earlier expression promoter tBEPre) regulator were successfully
constructed. To further increase gene expressiomctieve as strong expression as
possible, a generic intron, which increases mesBayk stability and efficient processing
was included, thereby elevating gene expressidraimsgenic mice (452;453). This generic
intron was isolated from K14CrePR1 and inserted gunstructs between promoter (Etyr

or TRP2) and CrePR gene. The insertion of an intria the transgenic vector also

205



provides a convenient protocol to distinguish gempression from DNA contamination
following RT-PCR as deletion of the intron durimgriscription process to give a smaller

band than contaminating DNA (Fig 26, 28).

The biological activities of cloned regulator vastavere subsequently identified through
transfection of B16 melanoma cells (Fig 16) andpomary melanocytes (Fig 17). To
enable the detection of target expression easlewimg regulator activation by Ru486
treatment, a useful report target (cmv.stop.EGFRichvcontains EGFP to render target
expressing cells visible under microscope was coaistd as well as the oncogenic target
vector cmv.stop.N-R&&. Employing a Cre responsive report target plasemd the
newly defined transfection protocols, active fuantof regulators was revealed following
Ru486 treatment on the cultured cells (Fig 16 & 4@ accordingly, the successful target
gene switch was identifieih vitro. This report vector supplied a very simple angfu
protocol for identification of targeting gene exggmn and therefore for gene-switch

specificity confirmationin vitro prior toin vivo analysis in CrePR#xP system.

Although stronger expression levels were deteatetRP2Cre vs. EICre transfected B16
melanoma cells and primary melanocytes (table )olavious leakage was detected in
TRP2Cre transfection and therefore EICre, in wiitkPR fusion protein was under the
control of an enhanced tyrosinase promoter (0.22Rkb), was chosen to produce
transgenic lines despite its weaker expressionldesempared to TRP2Cre constructor.
The target gene EGFP expressing following transfiecind Ru486 treatment indicated
that primary melanocytes as well as B16 cells mmestectable whilst the number of EGFP

expressing cells (table 2 & Figs 16, 17) impliddwa transfection efficiency.

Once the biological activities had been confirmadvitro, the regulator expression in

transgenic melanocytes was initially verified i ghrimary transgenic melanocytes by RT-
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PCR (Fig 26) and its functional activity verificati was followed by transfection of EGFP

report target for microscopic analysis (Fig 27) &mdRT-PCR detection (Fig 28).

Interestingly, the EGFP expressing cells were rothamerous as expected following
transfection of report target vector cmv.stop.EGiB regulator melanocytes and Ru486
treatment, but it was cell specific, as no keratytes were positive and did not leak, both
by microscope viewing and by RT-PCR when compacethé EICre expression at the
RNA level (Fig 26). This may have been a consege@nitansfection variability of EGFP
toxicity. However, binding sites for regulatory pgms and RNAs secondary structure
upstream of the open reading frame of the untaséediregions (5’ and 3’) of mMRNA, can
determine gene expression level by influencing mR3tbility and translation efficiency
(486) and thus, although insertion of a generimméand the KOZAK sequences (487) that
was cloned in front of start cordon ATG, the ttatien level of EICre transgene may not
be as high as we needed or expected. Another pagsderived from comparing the
morphology of EGFP expressing primary melanocyte&ig 17 and Fig 27, where all
EGFP positive cells in the latter were well diffetiated melanocytes which had numerous
dendrites. Brn-2 (its human homologue N-Oct3) islass Il POU domain factor and a
melanoma-specific octamer binding protein, its mRMApression is found both in
melanoma cell lines and melanoblast but not in @bmelanocyte. Its expression prevents
activation of the tyrosinase promoter via displiaeors required for tyrosinase expression
(7). EICre regulator could be repressed by the Baxpression in mouse melanoblasts but
might not in those well differentiated melanocyteg loss of Brn-2 expression and
therefore only those differentiated melanocytes ot melanoblasts expressed CrePR

fusion protein to result in target gene (EGFP)vatton.

To achieve high expression level of fusion pro€mePR in mouse melanoblast as well as

in melanocytes, a longer promoter in which moreustranslated region (UTR) included
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could be an alternative useful approach accordinghe successful Cre expression in
mouse skin melanoblasts employing a 6.1-kb prom@®@8), but this may not be critical

since either short or long promoter was succesgséuiployed in melanoma generation by
H-Ras initiation in CDKN2A gene deficient mice (2239) and also mouse hair cycle

physiology has to be accounted for these inducphleposes. Indeed, TRP2, a cited
stronger and in melanoblasts expressing promo&s;454) which was also identified in

this study (table 2), could be another alternatiieice to replace this short version of
tyrosinase enhancer/promoter to obtain strongeresspn in melanoblasts as well as in
melanocytes. However, the leakage of this promist@nother issue has to be carefully
concerned and solved before application becausentepected phenotype(s) may appear

before inducer application to interfere the stutigevelopmental stage related.

The same cloning strategy of report target vectowv.stop.EGFP was employed for
oncogenic cmv.stop.N-R¥8* construction and as only two lines proved to bengjee
transmitters, K14Cre/N-R&E* primary keratinocytes were employed to rapidly confirm
N-Rad’**! expressers. This confirmed successful cloning anget expression following
regulator activation obtained from thevivo primary keratinocytes culturad vitro (Fig

29 a-c) without the difficulties of primary melanye culture and transfection. It proved to
be difficult to initial culture and later transfestouse primary melanocytes, compared to

their human counterparts or keratinocytes, butwhas eventually achieved (below).

Collectively, both regulators and report targetstanctions were confirmed successfully

vitro employing transfection in B16 melanoma cells atdrlin primary melanocytes and
the results indicated the gene-switch specificityvitro. N-Ras expression in bigenic
K14Cre/N-Ras primary keratinocytes following Ru4i8éatment also indicated the gene-

switch specificityin vivo in keratinocytes and inferred in melanocyitesivo.
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4.2. Optimisation of media for primary melanocyte alture and
transfection

Murine melanocyte primary culture and transfecti@s not as easy as human melanocyte,
although the other groups have achieved some saidoesulture of primary murine
melanocyte exploiting ideally the requirement fareder (457;458). Development of
murine melanocyte primary culture, however, wagly wseful and necessary protocol for
identification of transgene construction prioritovivo breeding and helped to cut the
experimental running cost as well as to cut thenahiusage to meet the ethic goals

required by home office.

In human skin, each melanocyte is surrounded bg®b@eratinocytes in the epidermal
melanin unit and 95% of epidermal cells are kecatytes, thus keratinocytes regulation of
melanocyte proliferation and differentiation is eslispensable to the regulation by
intrinsic genetic factors in melanocytes themseleas date,a-MSH, b-FGF, SCF, HGF
amongst many others, have all been suggested tbhebanportant keratinocyte-derived
factors which regulate the proliferation and/orfeténtiation of mammalian epidermal
melanocytes through different signal pathways iéwed by (470)). The same can be said
for mouse melanocytes with the distinction that imeimelanocytes are mainly follicular
and proliferate during anagen, and thasitro grow from residual follicles, hence why
SP1 cells, a transformed papilloma line derivednfimair follicle stems cells via two stage
chemical carcinogenesis proved a very useful felder, both in our hands (not shown)

and Yoonet al (457).

However, with the goal to produce a relatively ppopulation of tyrosinase expressing
melanocytes, without the degree of spontaneoussftramation that would hamper
development of any transformation assay, primarjanoeytes isolated from new born
mice were cultured in a variety of different re@pather developed by ourselves, other
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laboratories or commercial sources, we concludatlttie recipes which supported initial
keratinocyte growth as a feeder layer gave the estine primary melanoblast/
melanocyte morphologies and highest transfectidinieficy (Fig 12-15, 18 and table 3)
but without spontaneous transformation. This olet@ym was consistent with previous
results employing feeders obtained by Benmetadl (459;460), but did not agree with
another popular recipe developed by Halaban andiar&ers, which did not employ
keratinocytes as a feeder layer, but exploited en@srum and sodium orthovanadate

(NagVO,) as critical additives (449).

In the 50/50 culture medium of this system, thded#ntiation status of keratinocyte,
controlled by extracellular calcium concentratioBOY was exploited to maintain
undifferentiated proliferative (e.g. basal layegrdtinocytes as a feed layer to secrete
melanoblast/melanocyte growth-stimulation factasspromote melanoblast/melanocyte
growth to obtain maximum number of pigmented cdllse effect of calcium in regulation
of keratinocyte differentiation is well charactedsin vitro andin vivo. Using particle
probe methods (electron probe and proton probeyXmroanalysis) and cytochemical
methods (oxalate-pyroantimonate technique) respygti the investigation of the
distribution of elements and water in the differémyers of the epidermis revealed a
gradient of C&. In normal human and mouse skin, the concentraifo8&" increased
steadily from the basal region to the stratum d@sum (489;490). Changes in
intracellular calcium concentration, which resutorh both the intercellular €&
accumulation in the mid granular layers and*Qaflux from the upper granular layers,
helped regulate epidermal differentiation (491) gig Scarfand its binding target proteins
(492). In vitro, regulation of epidermal differentiation is alseediated by these &a
dependent processes. Mouse keratinocytes culturetbw C&* medium (0.05mM)
proliferate repeatedly, and begin to differentiatece the C& concentration exceeds

0.1mM (50;493;494). Thus if required terminal diffatiation can be induced by
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increasing the calcium concentration from 0.05mM-t0.1mM and it is note worthy that
in experiments to analyse melanocyte survival ignm@nted papillomas (section 3.10),
melanocytes mainly populated in the proliferativasdd layers of papillomas. This result
was consistent witin vitro observations where successful culture of melanocytially

required low calcium culture conditions to maintaioliferative keratinocyte populations
(NB: In alternate studies, secondary melanocytesvgooorly on SP1 papilloma cells

cultured in high calcium media, which partiallyfdifentiated).

Keratinocytes in 50/50 medium grow well for thesfifew days and then gradually lost
their proliferative ability and either spontanequstr were induced to terminally
differentiate over 2-3 weeks of culture (Fig 13-1®hile the pigmented melanoblasts/
melanocytes gradually appeared in presence of BB8)(and other factors, including the
matrix secreted by earlier proliferative keratingsy Thus once developed this 50/50
media incorporated all the factors of lower calciaancentration (0.05mM in our 50/50
medium vs. 1.802mM in Bennett and 0.278mM in Hatalecipes) as well as the lower
concentrations of TPA (10ng/ml in 50/50 medium 2@80ng/ml in Bennett and 50ng/ml in
Halaban medium respectively) to maintain and premmtelanocytes proliferation yet
minimise spontaneous keratinocytes transformatid®5), Whilst compared to other
media, pigmented melanoblasts/melanocytes preséatexdin dishes of 50/50 medium,
use of this optimised primary mouse melanocyteucelltmedium was able to produce
sufficient number of cells possessing a normal fmolggy for identification of cell
specific gene-switch activityn vitro, of transgene expression prioritovivo breeding as

well as ofin vitro modelling of N-Ras and PTEN synergism.

The recipe developed by Halaban has been wildlg @ise murine primary culture, thus
the comparison of melanocytes cultured in Halabadiom and in our house optimised

50/50 medium was performed to verify any (dis)adages against each other. On culture
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using exactly the same protocols, obvious diffeesnaere revealed between these two
recipes. In Halaban medium, keratinocytes wereoptimised to grow and then to support
melanocytes/melanoblasts in contrast to our 50/8dimm in which keratinocytes were
considered to be an important factor providing mhal feeder layer for residual primary

(follicular) melanocyte growth and therefore a nuedicontaining low C4 was chosen.

Addition of TPA in the medium was essential for mar melanoblasts/melanocytes
growth (459) and thus, TPA was included in both mekh Halaban medium, although
NagVO, was included to inhibit tyrosine phosphatases tolopg the activity of
endogenous tyrosine kinases (449), the vast mgajofitmelanocytes are not pigmented
which indicated the little tyrosinase activity ihese cells and therefore they are not
suitable for our purpose where regulator expressalies on the tyrosinase activity.
Indeed, the proportion of pigmented cells in Halab@medium gradually increased
following long term culture with a very slow speadd moreover, pigmented cells had
spontaneously transformed very quickly as had prdat®n within 1 or 2 passages (Fig
15) and thus, again melanocytes grown in Halabagiunewere not consistent with our
goals to investigate Ras roles in transformatiahitggisynergism with PTEN gene deletion

invitro.

Despite the advantages being demonstrated by S58éslum, melanoblasts/melanocytes
actually grew well in both media despite an initlatk of pigmentation and eventual
spontaneous transformation in Halaban medium. @Gel4alaban medium, however, may
still have had enhanced transfection efficiencywe@ithat a transfectable capacity was an
essential test using primary melanocytes to idgrtiinsgenic mouse expressers and
mouse primary melanocytes were expected to be diffigult to transfect, transfection
efficiency of cells cultured in 50/50 or Halabandinen was estimated. Here Fugene-6 had

been verified to be the transfection reagent ofiagheia transfection into B16 cells. As
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revealed in table 3, even the transfection efficyewas not high in 50/50 medium, the
transfected cells in Halaban medium are only apprately 1/3 of cells cultured in 50/50
medium either in primary or sub-cultured secondagfls under exactly the same

conditions.

Taken together, murine primary melanocytes grewebéat 50/50 and Halaban media than
others. However, cells cultured in house optimiSétb0 medium gave advantages of no
spontaneous transformation which is an essent&bfdor ourin vitro modelling analysis,
and of cell pigmentation (tyrosinase expressionictvins also the necessary factor for our
regulator expressing. Furthermore, higher trangfiecefficiency was also revealed in
50/50 than in Halaban medium, which is very usdtil identification of transgenic
expressers as well as fon vitro modelling. Indeed this effort proved to be quite
worthwhile, as it developed an vitro transformation assay with a minimum degree of
spontaneous melanocyte transformation, which alibwesuccessful direct test of the
oncogenic potential of N-Ras and PTEN loss in thikicible system when concerns had

arisen regarding an unexpected lack of a melandrmaagiype (below).
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4.3. Modelling melanomain vitro

Due to the failure of mouse melanoma productionifmgucible N-Ra¥®' expression
accompanied by PTEN function deletion, employing aytimized murine primary
melanocyte culture protocol, am vitro model was established initially to confirm
biological activity of these transgenes and laterinvestigate the role(s) of N-R4&

expressing and PTEN loss and their potential sys@rghn melanocyte transformation.

It was initially theorised that a low level of N-82%* expression induced in adult mouse
could have been the cause of melanoma productidarefa As TRP2Cre has been
identified to be a stronger regulator in the initests of transgene activity that resulted in
higher target gene expression, despite its leakieigel6, table 2), TRP2Cre, not EICre,
was employed in the transfections farvitro modelling. This showed that unlika vivo,
PTEN function loss could promote cell proliferatiand was synergistic with mutant N-
Ra¥*%! expression resulting in a significant change oflamecyte morphology which
shows more aggressive by losing contact-inhibitbaracteristics, but critically did not
induce immortalisation, a result consistent witd tedundancy in cooperation revealed
vivo. The difference revealed here betweewnitro andin vivo agreed with the finding that
mutation of PTEN is quite common in melanoma dekg but relative less in STC lines
and melanoma specimens (264) and thus, differeles rof PTEN function loss in

melanoma cell line and solid melanoma are not ingy.

It may be that PTEN-controlled cell renewal depeadsmodulation of @G; transition
and therefore, PTEN function loss would trigger& arrested cell proliferation possibly
without perturbing the fate of cell differentiati¢a75). PTEN function loss activates Akt
which associates with p21Cip1l/WAF1 to lead cytopligslocalization of p21Cip1/WAF1
and consequently results in HER-2/neu-mediatedtaasie to apoptosis and promotion of

cell growth in tumours (496). Following co-trangfen of TRP2Cre intaASPTEN™™
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transgenic melanocyte and subsequent Ru486-mediatetion of PTEN exon 5, PTEN

function loss in transfected melanoblasts/melarescyEGFP tagging or G418 resistant)
resulted in faster proliferation than wild typelsdFig 32, 34-35) to produce colonies, but
the morphology of cells remained normal. This sstgethat PTEN conferred a

proliferative ability via lack of modulation of dowtream molecules, which did not
interfere with the cell characteristic of retainimgonolayer growth and cell contact
inhibition. This also implies that the combinedeets of the loss of PTEN lipid and protein
phosphatase activity may result in aberrant celwn, but not overt transformation, hence
the lack of tumourigenesis potential via PTEN defetalone in the EICre modeh vivo

(apart from white hair/hair loss, below).

Active forms of Ras play a causal role in more tlbae quarter of human cancers and,
unlike PTEN functional deletion, is a well charaiged initiator of tumourigenesis (497).
Ras proteins are tethered to the inner cell menghremupling growth factor receptors to
regulate downstream signalling pathways througthéura series molecules activation or
function loss that control cell growth, prolifei@ti, survival and transformation despite in
some cases expression of Ras active form resultewmn-transformed diseases (Fig 2).
Comparing Fig 32 with Fig 33 and Fig 35 with 36, rptwlogical differences were
apparent between N-R48' expressing and PTEN function loss melanoblastsinoelytes
following activation of CrePR1 recombinase by tfangon and Ru486 treatment. Other
than promoting cell proliferation as observed inERTfunctional loss cells, N-R4$*
expressing cells also exhibited a transformed nuggy, although the cells remained

monolayer growth and retained cell contact inhilmitcharacteristics.

As PTEN acts downstream of Ras signalling to doegulate Ras functions via the
MAPK pathway (Fig 2, 3), together PTEN functionabk$ in addition to the N-R%ES®

expression in melanocytes resulted in more severpmmological changes (D-F of Fig 33
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and C-F of Fig 36) which presented spindle shape last cell contact inhibition
characteristic to cause these melanocytes to pileand therefore, unlike in N-R%§
expressing alone cells, it became impossible tiindigish any single cell. Thus, unlike the
results obtaineth vivo where PTEN function loss did not change the N¥®Asxpressing
mouse phenotypic profiles, except for a subtleaase in caspase-3 activity. Addition of
PTEN function lossn vitro by transfection did co-operate with N-R¥$ expression to
produce an increased transforming morphology butimmortalisation as these cells
senesced at approximately passage 5-6. PTEN ig@bl®mote N-Ras initiation possibly
due to beingin vitro but the transformed cells die out possibly duethte function
redundancy between these two genes was also eartsigth the results obtained from the
in vivo model (below) in which a compensatory mechanisnP®EN functional loss
resulted in caspase-3 mediated apoptosis as N-Raession induced, hence no PTEN
promotion on N-Ras melanomagenesis/ivo. Thus, it would be an interesting study to
investigate whether thesen vitro PTEN loss and N-Ras expressing cells gain the
characteristics to become immortalised if otheregierpathways deregulations and/or UV

exposure are introduced.
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4.4. Modellingin vivo

In mouse skin, few melanocytes are present infoiteular epidermis by day four after
birth and declined gradually until no interfolliemlepidermal melanocytes are detectable
by day eighteen, except the occasional cells irettre whereas the follicular melanocytes
increased for about two weeks after the birth duthre first synchronised anagen but then
undergo a programmed apoptosis as the hair grogabes on progression from anagen to
catagen (56;57). Their melanocyte stem cells remairescent in telogen until the next
anagen phase, unless triggered following envirortiahestimulation to force telogen hair
follicles re-enter hair cycle by proliferation, flifentiation and migration of stem cells
located in the follicular bulge (53). Thus in thiglucible gene switch system, very few
target cells (stem cell/melanoblast/melanocyte)stedi in an adult mouse skin and
induction of anagen at the time of Ru486 treatnvess essential for regulator activation
and subsequently resulting N-R&f¢ target gene expression and/or PTEN inactivatiah an
unless treated, in any random anagen follicle, M*Rawould be inactive while PTEN

gene functions active as normal.

Therefore, the mouse hair cycle was initiated hyckihg back hair to obtain maximum
melanoblasts/melanocytes expressing regulator El@ractivation by Ru486 treatment
subsequently to activate oncogenic N-R¥sgene expression in a maximum number of
melanocytes following excision of silence cassefteStop’ in target gene cmv.stop.N-
Ra¥*%L In initial experiments the maximum melanoblastifmocytes were achieved at
day 7-9 post plucking (Fig 30) and declined gralyuanhtil finally became undetectable
approximately at day 21 post-plucking (table 4)u3hto obtain as many proliferative
tyrosinase expressing melanocytes as possiblexfmrsere to Ru486 treatment, back hairs
were plucked to initiate anagen and the time codosemaximum numbers of Trp2
expressing cells determined, and hair plucking repsated every 4 weeks. Also in mouse,

follicular melanocytes are well protected in thdiéee from UV radiation and chemical
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induction and therefore UV and/or chemical carcemgyinduced mainly non-melanoma
skin tumours (57;76). As no overt phenotypes hgukaped, a second consideration was
whether the penetration of Ru486 was sufficientetch the papillary melanocytes. Thus,
despite the indications from separate studiestthatwas so (246;467), to ensure Ru486
was delivered to its target cells efficiently, R64®&as dissolved in sesame oil for IP
injection once a week and in ethanol for topicahfpag twice a week at 0.4mg/kg (469)

(average weight 25g of mouse was considered) apng/10Qul respectively.

This IP injection protocol resulted in the eventappearance of enlarged eyes with mild
hyperplasia in the RPE layer in EICre/N-B8S and EICre/N-RdS®yA5PTEN ™
compound transgenics and thus indicated that the geitch was workingn vivo. These
phenotypic eyes possessed retinal pigment epithsigerplasia and enlarged choroid
rather than melanoma. This histotype was quitelamio that produced in a similar, non-
inducible model of Tyr-based N-R48' transgenic mice (215) where the Ackermann
model eye phenotype appeared in adult mice by 6e@kw old presumably due to
constitutive oncogenic N-R¥8® expression throughout embryonic development as
tyrosinase transcriptional elements based constmactid be expressed in neural crest

derived melanoblasts from day E10.5 (468).

Phenotypic eyes from both models have enlarged oatorand abnormal folded
neuroretinal, although the folding of the RPE wasse in the Ackermann model than the
EICre model (Fig 51) consistent with constitutivgression throughout development in
Ackermann model, unlike induction of phenotype£itre/N-Ra&*®! where adults were
allowed to develop normally. Apart from these pheeoa as displayed in Ackermann
model, phenotypic eyes from the EICre/N-#&5model also displayed a larger size and

more predominant melanin in the retinal pigmentaithelium (Fig 38).
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Figure 51: Comparison of phenotypic eyes. Abnoriolaled neuroretinal (dash arrow) and
enlarged choroid (black arrow) were observed innphgic eyes from both Ackermann
(left) and our (right) models. Eye of Ackermann rebavas copied from Ackermann,

Cancer Research 65(10):4005, 2005 for comparisgoopa.

One major difference between the two models was hiwelerian gland adenoma in
EICre/N-Ra¥*®* and EICre/N-Rd§°YASPTEN™™ mice. These harderian gland
adenomas displayed a much larger size (up to 4sjime well as an adenoma histology
from those harderian glands obtained from normal @&ce which also have been treated
with Ru486 or from bigenic mice which has beentagdavith vehicle, thus eliminating any
integration effects or background responses to Ru@dg 39-41). Despite lack of
melanoma production in this model, unlike that éualty produced in the constitutive
Ackermann model, this model showed a separate handegyland phenotype. This
unexpected phenotype of harderian gland adenomatedsfrom prolonged systemic
treatment with Ru486 as this only appeared in dckamnice because following the
oncogenic expression and/or TSG inactivation. Hewea subsequent literature search
discovered a paper on the expression characteristithe enhanced tyrosinase promoter,
using alacZ report transgene (468). This studyntep novel lacZ staining in cells of
the harderian gland consistent with eventual adenfmmmation in mice expressing N-Ras

(and/or PTEN) over long periods of time.

Most likely this difference also centred on thefetént promoters employed, and in cell

219



lineage studies Tonka al, showed that there was unexpected report activityarderian
gland employing this tyrosinase enhancer/promotentination and from which they
concluded as a population of neural crest deriadld possibly melanocytes in this gland.
As this report could not find a population of TR&2ining cells in the harderian glands,
and given the adenoma phenotype but not melanetyyiee tumour, we conclude that the
difference between enhancers/promoters in thesemaaels (0.22kb/2.2kb in our model
vs. 3.6kb/6.1kb in Ackermann) might contribute tls extra phenomena, as well as to the
production of melanoma in Ackermann model (discdsbelow). On considering the
differences between enhancers/promoters used m @l6kb/6.5kb of enhancer/promoter)
(217;223) and Huijbers (0.8kb/2.5kb of enhancerfpter) models (439), these two
models show clear different locations of melanoneaetbpment and a difference in
tumour pigmentation, although the same H-Ras (V12G¢ogene was used in both
models. As discussed by Huijbestsal, Cre-mediated recombination was mainly observed
in follicular melanocytes and consequently theref@ppearance of melanomas on hairy
skin was to be expected in their model (shortesiga). In contrast, melanomas produced
in Chin’s model (long version) showed a prefereoneskin areas with sparse or no hairs,
such as the pinna of the ear, the tail, or the avhesye dermal melanocytes are primarily
present in an adult mice and the Cre recombinapeession were detected and thus,

melanomas produced were mainly amelanotic.

However, such difference between the Chin and ldujlmodels could also be the results
of the different gene switch systems used. CDKNZa#s w& conditional knock out and H-
Ras(V12G) gene was followed by P1A gene which tisedsame mRNA transcript of Ras
to encode a tumour specific antigen in Huijbers ehoavhereas CDKN2A gene was
permanently knocked out and H-Ras(V12G) was exptebyg an independent construct in
the Chin model. Thus, we conclude that such adiizerence of promoters used in these

independent models contributed to the phenotygfergince obtained from each model but
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was not the sole contributor.

Despite the appearance of an eye phenotype, thewged lack of cutaneous phenotypes
and unexpected in addition of PTEN biological fumetloss in the light of the findings
from these alternative models, prompted a careftdnalysis of treated EICre/N-R&%,
EICreASPTEN*™ and EICre/N-Ra5°YASPTENY™ skins. As an oncogenic gene,
persistence of active N-Ras expression in normaamoeytes may not be well tolerated,
and active Ras expression can result in develomhdetects (Costello syndrome, Noonan
syndrome) but not tumours (154;155). Oncogenic &gwession also activates cellular
defence mechanisms (e.g. apoptosis and senesedmici)need to be overcome, typically
by a cross-talk of co-operating oncogenic alterdsp for full malignant transformation.
Thus, in cells harbouring active Ras gene, thetgquesvhether Ras triggers cellular anti-
proliferation defence mechanisms or interferes vatltell capability of preventing the
completion of such responses, could be a majorrdetant of the cell fate and the
eventual phenotype (474). Active Ras has eitheiitipesor negative effects on the
regulation of apoptosis to determine cell fate delrey on the balance of the apoptotic and
anti-apoptotic signalling pathways which vary irfifetient cell types (473). Ras stimulates
apoptotic signal Raf-1 (C-Raf) in lymphocytes dor@iblasts and brown adipocytes in
absence of survival factors, whereas other sigmalipathways downstream of Ras

stimulate PIP3/Akt, survival signals for epithelgald myeloid cells.

In treated EICre/N-R&®* skin, careful analysis of oncogenic N-Ras expoFssi mouse
epidermis found a consistency of white hair/hagsl¢Fig 42) suggesting that melanocyte
apoptosis in hair follicles (Fig 43) was responsifdr the lack of overt melanoma. In this
model, levels of N-R&8%* (Fig 31) and expression being induced in the nbedalt stage
may be not efficient enough to cause dysregulaifarell proliferation, differentiation and
transformation, but efficient enough to induce ppmptotic molecules and overcome those

anti-apoptotic molecules induced by activated N24swhich results in the observed
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melanocyte apoptosis. Indeed the rapidity of trluaed apoptosis suggests that specific
mechanisms exist that act as sentinels to prevenbhset of melanoma and are hyper-

sensitive to changes in molecules that induce tbadg stages.

It may be that only very high Ras expression inametytes (e.g. in Ackermann model) or
through embryonic development (40;215-217) can éedan anti-apoptotic mechanism in
melanocytes to overcome this defence system aral digsregulate cell development to
result in production of melanomas. Whereas in ottmadels (e.g. this report), Ras
expression may activate cell defence mechanisnesaltrin the observed apoptosis if
murine skin was allowed to develop normally. Toeasswhether this was so, an apoptotic
analysis was performed finding that in all N-¥&5expressing mouse skin, caspase-3 was
expressed in greater number of melanocytes anare tair follicles compared to normal,
although melanocytes do normally express caspaag-8xpected and shown by one
follicle under going apoptosis at the catagen pl&sg 45). This differs from previous
observations in cell lines transformed by H- or KsR474;498), which probably reflects
being anin vivo model vs.in vitro and different Ras alleles analysed, but clearlRa¢-

expressing melanocyte undergo apoptosis in a caspdspendant mannervivo.

Depending upon the study, even no or sometimes ¢pit N-Ras mutation incidence was
detected in common acquired nevi, but higher ratesngenital nevi (9;11;12;220) and as
up to 95% of INK4a mutated familial melanoma casage N-Ras codon 61 mutation in
human (212-214). These data indicate that activhitétad*®* expression alone was not
sufficient to produce full melanoma, but maybe ired at pre-malignant stages (222).
Indeed, induced N-Ras expression in central neells only produced neurofibroma-like

tumours but not any tumour suggested a requirefoersignal(s) other than the activated
N-Ras pathway to induce tumours (499). However, d$-Rlearly plays a role in

melanomagenesis as shown by the short latency rtartths) of melanoma induction in
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H-Ras/p16"“® model (223). In this current study, the idea thatonditional knock out
mouse of PTEN gene, the second most abnormal T&6 after CDKN2A in melanomas
(250;252) and loss of heterozygosity (LOH) quiteenfobserved in primary and metastatic
melanomas (264), could substitute for such CDKN2Aitation. However, PTEN
involvement did not change the course of melanomiglagy, as trigenic EICre/N-
Ra**YASPTEN"™ mice repeatedly failed to produce melanoma follgimore than one

year of Ru486 application.

Incorporation of PTEN functional loss in this N-B¥$ model did not produce the
promotion of tumourigenesis as observed in H-Raslahof carcinogenesis (246) and
CDKN2A did in other melanoma models, suggestingaundancy between PTEN and N-
Ras genes in melanocytés vivo. This idea was supported by the finding that PTEN
function loss in melanocyte produced white hair wassistent with one of the PTEN
primary functions of which is to regulate cell demment by negatively control cell
proliferation through apoptosis (243;245;259;500herefore, there may also be an
important component of compensatory surveillancesy sensitive to PTEN loss which
exists in melanocytén vivo and that prevents cell dysregulation in absenc®TEN
function and results in melanocyte programmed déathegate melanoma production.
This lack of promotion of PTEN on N-Ras tumourigeisemay be due to PTEN functions
to negatively regulate the N-Ras MAPK signallinghpeay and thus its loss is redundant
to resultant melanocytes expressing activated Rub edevated MAPK (Fig 3, 45)
(152;271). In addition as outlined aboueyitro PTEN loss only accelerated/enhanced Ras
transformation but not immortalisation, rather tl@operation with another potent Ras-
independent pathway which could co-operate withstitutively activated Ras-GTP

pathway to induce full malignancy.

To assess whether PTEN function loss also inducethrmacyte apoptosis vivo and
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whether any additive functions in addition to thafetected in N-R&&®! expression,
caspase-3 and -9 expression detections were pedoimboth EICrd5PTEN*™ and
EICre/N-Ra¥**yASPTEN™™ mice employing immunofluorescence staining and the
results (Fig 45) revealed that as in N-Ras expngssiice, PTEN function loss resulted in
melanocyte apoptosis vivo again through caspase-3 dependant pathway buaspase-

9. Furthermore, as the same apoptosis mechanisstviing caspase-3 and the number of
caspase-3 expressing follicles are not additiv& i@re/N-Ra&%*YAsPTEN*™ mice, it
again suggested that these two gene functions eatendant in melanocytes vivo.
Therefore, PTEN promotion capability to N-R®$ initiated melanomagenesis was
prevented and resulted in no production of melanégmE&ICre/N-Ra¥yA5PTEN" ™
mice. Such a gene redundannowivo is possibly due to PTEN and Ras functions on the
same signal pathway to regulate cell death/preaiifen/differentiation, but not providing
alternative additional genetic signalling pathwayctoss-talk with Ras signalling pathway
which may be essential for Ras induced tumour ftionaMoreover, this may indicate
how vital these genes are to the development oamoeha as such sentinel systems have
evolved to defend against these mutations and @dwtways are required to circumvent
these mechanisms. The importance of these gengsteddbe failure of melanoma
production was also consistent with the resultsioktl from then vitro model (above) in
which, PTEN is able to promote N-Ras initiation §ibs/ due to beingn vitro but the
transformed cells promoted by PTEN loss are not omatzed due to the function

redundancy between these two genes.

Searching the literature, all successful Ras driveruse melanoma models either were
created in a CDKN2A (p16/p19) background (215-223;239) or melanoma cells bear
hetero/homozygous deletion of CDKNZ2A locus if thedels were produced by H-Ras
expression in a normal background followed by UMiation or chemical treatment

(221;349). Therefore, loss of function of CDKN2Angeseems an essential event for
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melanoma development in Ras mouse models to ddter @ene(s) (e.g. CDKN2A)
cooperation is necessary for tumour developmert)(dbhough Ras activation is essential
for melanoma maintenance (223). Inducible N- andRd$- expression alone is not
sufficient to induce melanoma in all developed nsousodels and only constitutive
expressing N-R&&%! produced melanoma with longer latency (>12 vs.ofitim) and much
lower penetrance (25% vs. >94%) compared to thoslkmamas induced in CDKN2A
deficient background from the same experiment (2IB)s may have been due to higher
expression from its larger promoter to cause CDKNibfation although CDKN2A gene
mutations in these late onset constitutive N'—W&sexpressing melanomas were not
analysed and therefore, whether the CDKNZ2A generesspd normal or function
inactivated eventually in those melanomas is unkndndeed, as only 4 melanomas were
induced by N-Ra5° expression control cohort, maintaining the chanstics of familial
cutaneous melanoma with germline INK4a mutationthes authors acknowledged that
these melanomas may have had spontaneous CDKNZ2Atiorutand thus, it is not N-
Ra¥*®! alone but cooperation again with CDKN2A ablatiorhieh is the causal

mechanism underlying these 4 melanomas.

Hence in those H-Ras expressing generated melarfoifaving UV or chemical
application (216;221), the other gene(s) that ugmleablation/mutation may be the
necessary hallmark to complete melanoma formaiitwis it is not surprising that there
was no melanoma generated by N'R¥sexpression alone in our inducible gene switch
model because the induced N-E85expression in adult mice is not sufficient to @us
hyperplasia from cell dysregulation as other modedsduring embryogenesis, without the
consequent molecules aberration to co-operate @ngegquently to overcome cell defence

systems such as the induced apoptosis in aduttdtal melanocytes.

Although continual expression of fulpctivated Ras is unexpected to be well tolerated,
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form tumour eventually many other moleculsteps are needed other than activation of
Ras pathway components for progression (152) amgl tbDKN2A ablation provides such
a Ras-independent pathway to co-operate with Rgsaking pathway to result in
melanoma formation in mouse models, but PTEN dmietn adult may not. Comparing
our model with all relative close (H-Ras gene-switthd N-Ras constitutive expressing)
successful mouse melanoma models (215;223;439)nt#e, possibly critical, points are
that in all other three models Ras expressed iIlDEN2A deficient background which
allows gene cooperation through different genetithways other than PTEN functional
deletion which may only affect Ras signalling patlywby enhancing/promoting Ras
function, but insufficient to provide the alternatiadditional molecular steps to form overt
melanoma. Therefore, even in EICre/N-8¥ASPTEN™™ mice, targeted cells received
essentially one hit in our model in adult rathearttmultiple hits (p16/p19 and Ras) in
CDKN2A deficient models, including unknown event$icieed during embryonic

expression of these mutations in several of theaisod

In EICre/N-Ra&%*YA5PTEN"™ model despite PTEN loss, the N-Ras expression guluc
an anti-apoptotic mechanism and apparently thiporese is too low to overcome the
induced cell defence apoptotic pathway. As disalisee4.1, the enhancer/promoter as
well as the 5" and 3’ untranslated region may afgluence the Ras expression level to
consequently result in different phenotype (486)t B should not be the critical factor

since the relative short enhancer/promoter (veryilair to this model) employed in

Huijbers model generated mouse melanoma successafiig H-Ras(V12G) (439) despite
the differences of phenotypic macrology and higiglirom another H-Ras (V12G) model

by using a longer version of enhancer/promoter)223

Collectively, to date the mice have been succdgséstablished and technical difficulties

overcome such as awkward mouse hair cycle physidleg. there are only 6-8 days for
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tumourigenesis to begin) that provides the foumaatiof an inducible system. Inducible
models where temporal effects are added into adigk may be a better mimic of human
carcinogenesis in somatic cells and thus gaverdifteresults to e.g. the closest model of
Ackermann. This approach certainly lets us add newents in to test ideas including
extrinsic keratinocytes and/or more gene mutatiofteis may be a critical technical

component for studying of melanoma development fn@vi to RGP and RGP to VGP.

This in vivo inducible model shows that the mouse could utitise normal defence
systems to overcome anti-apoptotic mechanism treghby N-Ras expression and PTEN
function loss through the activation of pro-apotslstem. Thus, the mouse will develop
normal if any of these genes ablation is not aca@mga by the subsequent molecular
event(s) to cross-talk to Ras initiated pathway,erghs Ras initiated anti-apoptotic
pathway more likely to overcome its pro-apoptogistem to result in cell dysregulation if
Ras expression and/or other TSGs loss events happd&nough embryonic process in
other models. Comparing this model with other reéatlose models, we concluded that
Ras mutation may not be an independent event imsommelanoma but one of steps
involved with many other molecules (specificallytran the Ras signalling pathway)
despite the high mutation rate of N-Ras had beeeated in human melanoma. To form
tumour successfully, consequent gene ablation whaih supply a different signalling
pathway to co-operate with any oncogenic gene sspme and/or loss of TSG is necessary
to overcome mouse self-defence systems. Therdfwrdprmation of melanoma is highly
expected if CDKN2A deficient mouse background waisoduced into this model and

such introduction is the primary goal of future wor
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4.5. Investigation of the role of the microenvironrent on EICre/N-Rag’s®*

IASPTEN™™ phenotypes

White hair or hair loss produced by N-B&$ expression in melanocytes indicated that a
premature melanocyte apoptosis occurred in anagenfdilicles which may have been
responsible in part for the lack of melanoma, despdditional PTEN loss which also

appeared to induce a pro-apoptosis via caspasstBriolate cell defence system (Fig 45).

In addition to these complex intrinsic genetic éastwithin melanocyte, regulation by the
microenvironmental cells/tissues, especially kaaiytes, also play a very important role
in the physiology underlying melanoblast/melanosuevival, migration, proliferation and

differentiation and in the development of melanowia, a complex interaction of cues

secreted by and releases from keratinocytes, gw/s@l hypothesis (reviewed in (470)).

Increase of melanin-a in malignant melanoma ceédiaugmented by the presence of a
keratinocyte papilloma cell line SP-1, derived frdme hair follicle stem cells in two stage
chemical carcinogenesis, suggested that Kkeratiescydecret melanogens toward
melanocytes and as outlined above SP1 actiorsascaessful feeder layer occurred when
cultures in low calcium media (457;458) and in alifgrative basal cell phase. In adult
mice, pigmented spots in hairless mice were induord after UVB exposure indicating
that epidermal melanocyte proliferation and diffei@ion were regulated by keratinocytes
rather than by melanocytes, which was verifiedrbgdiated keratinocytes stimulating the
proliferation and differentiation of non-irradiatechelanocytes more greatly than
keratinocytes from non-irradiated mice and wher@aadiated adult keratinocytes have
very similar affection on non- and irradiated aduttelanocytes proliferation and

differentiation(501;502).

In melanoma models, melanomas are often accompéyideratinocyte hyperplasia. In
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the Ackermann system, constitutive N-Ras expressianelanocytes produced mice with

epidermal hyperplasia, hyperkeratosis in adult$)2lh model of Noonan, a good close
mimic of human melanomagenesis as it elicits epidémelanoma with the potential to

investigate junctional pathology unlike the othevdals e.g. Chin (223), UV exposure on
neonates gives melanomas in adults, this modelrelsaeonatal keratinocyte hyperplasia
from HGF expression in keratinocytes (40). Skindmpgtasia was also revealed by H-Ras
constitutive expressing in H-Ras mediated mousemogha models (216Both in vitro

andin vivo models implied a role of abnormal keratinocyteimiyimelanoma development.

Therefore to test whether disruption of the folllmumicroenvironment of melanocyte
would change thein vivo responses and initiate melanoma production, N‘®as
expression and PTEN deletion in keratinocyte wasrporated into this model. This was
achieved employing a K14Cre regulator transgeme lbred into trigenic EICre/N-
Rad**YASPTEN"™ mice. Here, in a similar fashion to cooperationestn PTEN loss
and H-Ras (246), disruption of follicular morphojogvas envisaged via induction of
keratinocyte hyperplasia as K14 promoter is exmess the hair follicles, including
keratinoyte stem cells. This proved to be the dageinstead of producing melanoma
phenotype following K14Cre/EICre/N-REEYPTEN™™ treatment with Ru486, N-R¥%$*
expression cooperated with PTEN functional losskanatinocytes give squamous cell

papillomas which possessed a population of melaesayeating pigmented papillomas.

These results firstly indicated that in keratin@sytN-Ra¥%*®! expression acted as an
initiator with which PTEN loss acted as a promajieen that N-Ras or PTEN loss alone in
controls did not produce tumours. This was sintitathe findings employing H-Ras mice
(246). Secondly, by active regulator and consequgstegulation downstream of Ras
signalling pathway (including PTEN function loss)keratinocytes may have contributed

to the decision of melanocytes fate in additiomeigulation of the melanocyte own genetic
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factors as clearly here anagen melanocytes novivedirand did not undergo apoptosis.

As discussed above, level and the initial time eR&Y®! expression may contribute to
papilloma genesis because expression in keratiesaysing the K14 promoter may be
stronger than EICre in melanocytes, including stais (467;503) and therefore, more
cells expressing strong K14Cre than melanocytesessmg relative weak EICre to result
in keratinocyte hyperplasia and papillomas, or d@yrbe that keratinocytes do not respond
to N-Ras via induction of apoptosis, as this woatsnpromise their important barrier

functions.

The pigmentation of induced papillomas could bevaerfrom interfollicular relocation of
melanocytes which migrated out of the hair follié@lowing N-Ra&*®* expression in
melanocytes (215) and in its microenvironmentalaieocytes. Given the lack of
interfollicular melanocytes in adult murine skiretpigmentation of induced papillomas
could be derived from survival of melanocytes framanagen hair follicle following N-
Rad®! expression in melanocytes (215). In this microemment of keratinocyte
hyperplasia, melanocytes were able to continue tolifgrate during papilloma
development (see Fig 46b, 47) or simply contirmexist as hair follicle residues during
papilloma development due to there is no interdallkr melanocytes exist (please see Fig
46b, 47). To confirm that these were indeed melgiescand not melanin produced in
melanocytes and melanosomes transferred into neigimy keratinocytes, TRP2 antibody
immunostaining demonstrated the survival of melgtex during pigmented papilloma
development, similar to those hyperproliferativeammples of Powell or Ackermann Ras
alone controls (215;216). Moreover, employing a boration of suprabasal keratin 1 (K1)
and basal keratin 14 (K14) expression against TRRiing, it became clear that these
melanocytes occupied mainly the proliferative ketyte basal layers of papillomas

(503). Thus N-R&5% expressing and/or PTEN function loss in keratinecgllowed
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melanocyte to survive from the apoptosis and tloeeeproliferated and accumulated to

result in pigmentation in papillomas during the ilapagenesis.

These kinds of pigmented papillomas, may relevargeborrheic keratoses in human, are
of intense worry to patients whether the possipilitf melanoma is high prior to
histological analysis. Thus, the mechanism of nmigte survival was investigated further
to answer the questions of why melanocytes in Maliicle programmes exhibited
premature apoptosis when N-B¥$ was expressed in melanocytes but anagen
melanocytes survived when keratinocyte hyperplasi then papillomagenesis occurred
in parallel. The disruption of the microenvironmeint addition to N-Rd$°YPTEN
mutation in melanocytes and resultant melanocyt@vival rather than apoptosis,
suggested that a survival loop was initiated tlyapdssed the apoptotic response allowing
melanocytes survival and proliferation. That thisl chot produce overt melanomas
suggested that this was provided by keratinocytesuption to the normal regulation of

melanocyte survival factors.

As cited above, microenvironmental regulation of lanecytes specifically by
keratinocytes is indispensable to their physiolagy addition to the regulation of
melanocytes by their own intrinsic factors. One amant growth regulatory loop in
melanocyte development is mediated by Kit antigend SCF (Kit/SCF), which plays an
essential role during embryogenesis for melanosyteival, migration, proliferation and
differentiation and may well define the melanocstem cell niche, hence the importance
of correct Kit/SCF regulation in the developmentaoélanomas (414). Indeed, malignant
melanomas and cell lines established from melansamaples and transformed murine
melanocytes do not express detectable Kit, in eshtto readily detectable Kit protein
observed in normal human and murine (review in {pO%lanocytes, which suggested Kit

loss or a marked reduction either promoted or wasrssequence of transformation in
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melanocytes (293;294). Moreover, this may havequmod effects on metastasis, the most
clinically relevant stage in terms of patient sualias while RGP melanocytes retained Kit
expression, and thus a relative degree of conjrédeatinocytes, VGP melanomas lost Kit

expression and thus escaped this control (505).

Data shown in Fig 48 and 49 revealed that Kit asdigand SCF were expressed in a
complementary fashion in either normal or hypetptaskin and papillomas. Kit was
expressed mainly in the proliferative layers ofdgpmal and hair follicle in normal and
hyperplastic skin where the strongest expressioranged in hair follicles (Fig 48, A and
B) and expression levels of Kit were significangigvated in all papillomas investigated
(Fig 48, C-F). That this Kit expression was invalvan melanocyte survival in these
pigmented papillomas, was suggested by the vemyngtrKit expression observed
throughout the proliferative epidermal papillomgdes where most of the surviving
melanocytes were located (Fig 46b, Fig 48) andr lanfirmed by co-localisation
experiments (below, Fig 50), which further verifigdt involvement in pigmented
melanocytes survival. Significant increases in Sepression levels in pigmented
papillomas (Fig 49) also indicated that disruptedrakinocytes in the immediate
melanocyte microenvironment secreted high levelsS6F and thus could complete a
paracrine growth signalling loop for the Kit reaepexpression in melanocytes and thus

provide a Kit/SCF melanocyte survival loop duringiburigenesis.

To confirm that increased Kit and SCF expressiaelie were involved in melanocytes
survival and not just that this expression wasrtdeilt of keratinocytes dysregulation in
papillomagenesis, double staining of Kit and TRIF®g 50) was performed. The co-
localisation of Kit expression with TRP2 in melagt®s in pigmented papillomas
confirmed that as disrupted keratinocytes releaS€d it provided the ligand to Kit

receptor in melanocytes which therefore manageestape apoptosis driven by the cell
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defence system and to result melanocyte survivails predominantly basal location of
melanocytes was in direct agreement with the udeaoffollicles derived SP1 papilloma
cells as a good feeder for primary melanocytesumli{457) and also the growth of
proliferative melanocytes in low calcium conditioatongside SCF-secreting primary
keratinocytes, as mentioned in 4.2. However asaledan Fig 47 and Fig 48, melanocytes
and Kit expressing occasionally detected as cluptdtern although these cells also
surrounded by some proliferative keratinocytes @8y and therefore, whether there is an
autocrine functional survival loop taking in partthose survived melanocytes is unknown

and would be interesting to investigate further.

Melanoma cells and the microenvironment have amate relationship and regulate each
other in both positive and negative aspects thaveunt or assist the process of tumour
growth and invasion. On one hand melanoma celbsel@ cues, for instance Nodal, as a
potent embryonic morphogen, can induce ectopic &ion of the embryonic axis. Its
presence in human metastatic tumours but not imalbskin suggested that Nodal may be
involved in melanoma pathogenesis. Using zebrafeslelopmental system as a biosensor
for tumour-derived signals study, Topczewska eteakaled that aggressive melanoma
cells secrete Nodal and consequently inhibitioNodélal signalling reduces melanoma cell
invasiveness, colony formation and tumourigeni¢By. On the other hand, embryonic
microenvironmental regulation could re-programmeasi@atic melanoma cell to lose its
tumourigenicity and to assume a neural crest dedlghenotype(506). The results obtained
in this study are consistent with previous studigsch indicated that the interaction of
melanocytes and the microenvironment is criticaht determination of melanocytes fate.
Inducible N-Ra¥*®* expression and/or PTEN function loss in melanoaytme failed to
produce any melanocytic phenotype in mice untihpgted papilloma induction by N-
Ra¥*®* and PTEN loss in keratinocyte allowed melanocygteatoid apoptosis and is a

classic example of the results of cooperation dameryte and its microenvironment.
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4.6. Requirement for melanoma transgenic models anthe relevance of

the models to human disease

Employing transgenic technology, the first transgenelanoma model was developed in
1991 using the SV40 transforming gene driven byrasinase promoter (441;442). The
mice were categorized according to susceptibilittumour development, with gene copy
number delineating the groups. UV exposure promdked more susceptible lines to
develop cutaneous tumours, but aggressive ocularouts limited investigation of
cutaneous tumour development giving a short lifgnsghus to study cutaneous tumours
they were transplanted to less susceptible miceemiey progressed to metastasis. While
being the first model to develop melanoma usingdganic technology, proving a targeted
model in principle, the SV40 early transform geseot a melanoma related gene and as
lethal ocular melanomas developed prior to cutamemelanoma this was not a good

melanoma mouse model to mimic human melanoma dawvelot.

To develop a mouse model closer to human melan@tiel@ayy, an activated Ras gene
(albeit the H-allele) was expressed again undetrabof a mini-tyrosinase promoter.
These H-Ras transgenic mice however developed dsriyal melanocytic hyperplasia, a
mutated agouti coat and pigmented skin (216) angk \@gain prone to ocular melanoma
(507). Nonetheless, following DMBA/TPA or UV treadmt, the H-Ras expressing
transgenic mice develop nevi as well as cutanealamoma, of which more than 40% are
metastatic and these results demonstrated a goadklnfor multistage melanoma
development (221;222). Melanomas developed in mdeseis directly and only albino
phenotype mice developed cutaneous melanomas,nbiel was therefore not the

fulfilment of melanoma development as a multistdigease in human.

In 1994 CDKNZ2A, as a candidate tumour suppressoe,geas pinpointed to chromosome

9p21 because of deletions in melanoma cell lineslater identified as a candidate for the
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chromosome 9p melanoma susceptibility locus (93313). Initially production of
INK4a/ARF knockout mice did not exhibit melanomasseptibility (316), but p18<*?
specific gene targeting can facilitate melanomageneparticularly after exposure to
DMBA. The cutaneous melanoma developed in H-Rasresspg transgenic mice
following DMBA treatment was also accompanied bih&i complete or partial loss of the
pl6 (221). By expressing active oncogenic H-Ra®dgemelanocytes in INK4a deficient
background mouse, the first melanoma transgenicsmauodel without the need of
chemical/UV promotion was generated and this mopedvides the firstin vivo
experimental evidence for a causal relationshipyvéeh INK4a deficiency and the
pathogenesis of melanoma (217). This H-Ras/p16 made further developed by using
the Tet-gene switch system and provided the gemetidence that H-Ras is important in
both the genesis and maintenance of solid tumo228)( The cutaneous melanomas
generated from both models are again originatedermis directly as the other models
(221;278) did with no apparent epidermal involvemewhich does not mimic human
melanoma development. Further H-Ras, an allel®as gene, has a much less often
mutation rate than its counterpart N-allele in hommelanoma although the Tet-gene
switch model provided a very good system to be ablecontrol the melanoma

development by application/removal of gene-switaducer.

It is widely recognized that UV is at least partlysponsible for the development of
melanoma (22;508;509). Using H-Ras expressing ¢gems mouse, UV promotion on

melanoma development was revealed (222) and innglwmeaking classical work, a later
model employing HGF/SF transgenic expression Noatal demonstrated that a single
neonatal dose of UV was sufficient to induce stagethnocytic lesions (40) and p16/p19
deficiency promoted this UV induced melanomageng9) although chronic UV failed

to accelerate melanoma development (510). Furthermthis model overcame the

problem of the previous models that tumours arenderorigin and lack the epidermal
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component that characterizes conventional humaramogia (40). By possessing a
junctional as well as a dermal component and lssiexhibiting upward migration of
single and nested atypical melanocytes into théegpiis, reminiscent of the authors called
‘pagetoid’ spread that characterizes human RGPmuoeia, this model directly mimic the
human melanoma multistage aetiology. This modléldstes not fulfil an ability to mimic
the development of RGP to VGP in human, which esrtiost important clinical event for
patient survival (511). Furthermore, HGF expressalone spontaneously produces
melanoma alongside many other malignancies, anertit@yonic HGF expression is not
often seen in melanoma although HGF, ligand of pmetyrosine kinase c-MET, is a
multifunctional regulator of cellular growth, matyl and invasiveness including in
cutaneous melanoma development (512-514). Thevamant of the most abnormal TSG
gene (CDKN2A) of melanoma in this model resultedlethality (349) indicating that
constitutive HGF overexpression may cause potedgaklopmental problem beside the

effects on melanocytes.

All the previous transgenic mouse melanoma mode&swleveloped by expressing H-

allele but not the highly mutated N-allele of Ra&a@gene in human melanoma specimen,
only recently was a mouse model with melanotic aredastatic melanoma produced that
recapitulated genetic lesions frequently found uman melanoma. This was achieved by
crossing activated N-Ras(Q61K), a hot spot N-Rasatimn in human melanomas, to a
CDKN2A deficient mouse (215;225). But again, theRbBs expressed embryonic not
inducible and therefore, the control of N-Ras egpian is impossible which limits the full

investigation of N-Ras roles during melanoma dewalent, whereas a recent study
revealed that Ras functional outcome including dsiveam genes regulation is expression

level-dependent (515).

An ‘ideal’ animal model would accurately recapitelahuman disease particularly the
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molecular genetics and the histopathological aechire of human cutaneous melanoma.
As a multistage disease of melanoma, the conditigaeae switch approach which leaves
animal free until inducer treatment to activateutatpr and subsequently to switch the
target on, may be an ‘ideal’ transgenic model fefanoma investigation because it allows
melanoma related genetic and environmental factmslved at the time as designed to
investigate their stage related effect. Up to diduere are only two gene-switch melanoma
mouse models available (223;439) which are not fudtlment all the criteria for
modelling human melanoma development. In both nmdelelanomas originated in
dermis and invade the surrounding tissues localigreas the epidermal remained intact
possibly due to relying on the less common H-Rdiwaton rather than N-Ras or B-Raf.
Also in the more recent model (439), target gene mat be switched off because the

regulator Cre was inactivated following the targete on.

Chin’s model seems to be a perfect model if theenspecific melanoma related gene such
as N-Ras, B-Raf and the other not N-Ras pathwagta@l genes MC1R, MITF etc
investigated. Very surprisingly, however, therengsfurther investigation published up to
date using this system. Furthermore, there is ngt BtRaf, the most mutated gene in
human melanoma, mouse model generated yet by aagsmeither overexpression alone
nor co-operation with TSG genetic deficiency moapart from a zebrafish model created
by Patton in 2005. In this fish model, active B-R®600E) led to dramatic patches of
ectopic melanocytes (authors termed fish nevinevi) and induced formation of
melanocyte lesions that rapidly developed into snw& melanomas in p53-deficient fish
(413) which different from the most of mouse modgtmerated in a CDKN2A deficient
background as discussed abolke reason of why there is not a B-Raf mouse myetel
given the high incidence V600E mutation reporteduman melanoma specimens in 2002
remains unclear, but it is interesting to specullaé¢ activated B-Raf expression in mouse

melanocytes induced apoptosis as N-Ras in this htodeegate melanoma formation. If
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this is true how can we modify the mouse transgerpression profile to overcome such a
surveillance mechanism and to generate an ‘idealuse model to mimic human
melanoma development aetiology? This could be achajlenge to scientists who are

studying the melanoma molecular aetiology employimagise transgenic models.

One feature created by experiments designed tosaste effects of destabilising
interactions between melanocytes and keratinodgtéss model was the development of
pigmented tumours during N-Ras/PTEN-mediated papdigenesis. These murine
tumours may shed light on the aetiology of pigmeéttenign lesions in human skin termed
seborrheic keratoses (SK), a benign skin tumouheeinevi nor melanoma. SKs are a
keratinocyte-derived, benign acanthotic skin tumihat never progresses to an invasive
phenotype, which exhibit several histological sytes (5). Seborrheic keratoses progress
from an initial hyper-pigmented maculae to the abtaristic plaque (516) and eventually
exhibit a wart-like papilloma appearance, althongHPV involvement has been recorded
(517). Histologically, prominent melanocytes aneithdendritic processes are usually
guite obvious and scattered individually throughiwa section, and dendritic melanocytes
presented in the basal and suprabasal layers (B;6®) in melanoacanthoma, one of
variant of seborrheic keratoses. These lesionshase dendritic melanocytes in the basal
layers (Fig 46b and 47 E), as appeared in humdmuianoacanthoma (6). Thus it may be
that the expression of N-Ras aABPTEN in melanocytes and keratinocytes creating the
SCF/Kit survival loop during papillomagenesis (Bigg) provides a microenvironment that

similar to aetiology of such seborrheic keratogelsumans.

Whether this aetiology depends on the genes mutaitsinply establishment of a survival
loop for proliferative melanocytes (e.g. SCF /KitldGF/Met (520)) is unclear and there
are few studies exploring the relationship of gematation, expression and SK
development. Among the genes studied in SKs, stmoe & similar expression profile to

that of normal skin, such as p120 catenin (521liferating cell nuclear antigen (PCNA)
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(522), proto-oncogenes c-fos and c-jun,(523), @&3), E-cadherin and p-STAT3 (525);
while the others show a different expression patmympared to the normal skin. pl6
expressed in all keratinocytes from SK lesions bnly in granular cells of normal
keratinocytes in culture (526). p53 and Bcl-2 espren is higher in SK than in normal
skin but significant lower than in SCC in keratigtas (527) although p53 binding protein-
1 remained unchanged in SK (528) while Bcl-2 mayirmeased as an anti-apoptotic
mechanism (529). Strong expression of the cyclipeddent kinase inhibitor p27(KIP1) in
SK revealed that p27(KIP1), which is regulated B¥ER via cyclin E, may be a major
mechanism controlling keratinocyte proliferatior3@$. Similarly a role for FGF3 mutation
has been confirmed by a series studies both isdgemc model (531) and in human SK
samples (532-535) but without intra-individual Bpot (533) revealed. The mechanism for
the high rate of somatic FGFR3 mutations in SK riesialusive although UV may play a
potential role, especially in the R248C mutatiob35). FGF3b bears transforming ability
by transfection of NIH-3T3 cells with a mutatedrfoiS249C (536) but FGF3 mutations
obviously do not account for all papillary urotl@lcancers and acanthotic skin tumours
implied that further genes must be involved in tumgenesis (537;538). Downstream
pathways of FGFR3 such as the PI-SK/PTEN/Akt or Res/Raf/MAPK pathway are
therefore suggested to be promising candidates).(33rking this idea to the data
presented here together with the previous stuti@sreévealed a role of Ras expression in
SK development (539;540), which imply that deretpdaRas expression in keratinocytes
may contribute to SK development, either indepetigeor in co-operation with FGF

pathway, although further studies will be necessagonfirm this hypothesis.

A more recent interesting study that links to PTiENctions, revealed that PIK3CA (p110
a subunit of PIK3) mutation in seborrheic keratobears no relevant risk of progression
to malignancy (541). This finding and the N-Ras/RTEesults reported here in the
melanoma model and lack of progression in the pigetepapilloma development, show

that other genetic alterations must occur to pregyte a more malignant phenotype. Our
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results are also consistent with previous studieg specific mutations may activate
protective cellular mechanisms which act as a éafor tumour progression (542). For
instance employing the doxycycline-inducible trastsg mice that permit K-Ras
activation to be titrated, authors found that pblggjical levels of Ras stimulate cellular
proliferation and mammary epithelial hyperplasia dut surprisingly, high levels of Ras
activation induced a CDKN2A-dependent cellular seeace (515). A three-stage model
for Ras-induced tumourigenesis was thus suggel&aonsists of an initial Ras mutation,
overexpression of the activated Ras allele and i@vasf p53-CDKN2A-dependent
senescence checkpoints (515). Hence failed melanproduction in our model is
supportive for this 3-stage theory because the deegt of Ras-independent senescence
checkpoint is not interrupted in our model. Thesadies support the conclusion that
introduction of p16/p19 deficient mice in this st may be essential for production the
early stages of a useful model to investigate stalje melanoma complete with junctional
pathology in the epidermis, to then investigategpession from RGP to VGP, as there is
no model available yet able to model this mostifigant change in relatively benign to

highly malignant/metastatic melanoma.

Another lesser phenotype developed in this murieelehwas the loss of hair at treated
sites, although it may be possible that inducitpression of N-Ras in the follicle, gave
rise to an immune response. One such disease imraum Alopecia Areata (AA), an
autoimmune disease where white blood cells attaelhair follicles. This mainly depends
on an individual’'s genetic makeup in combinatiorthwother factors that trigger AA
(543;544). Apart from a familial occurrence of AB46) where the pattern of familiality
suggests that the genetic basis is multifacto®dl6], the aetiopathogenesis of AA is
poorly understood (543;544). Although AA is thougiitbe a tissue-specific autoimmune
disease directed against the hair follicle, an @ason with other autoimmune diseases

has been reported (547-549). To date, only thelweweent of the major histocompatibility
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complex (MHC) has been confirmed by means of inddpgt replication (550-552) and it

has been postulated that various genes relatednboine response are associated with AA.

Although the only confirmation is the involvemerittbe MHC in AA aetiology, there are
a few other immuno-related genes have also beegestep the relationships with AA
development. The non-synonymous C1858T substitutiothe PTPN22 gene, a gene
encodes lymphoid protein tyrosine phosphatase srassociated with susceptibility to
autoimmune disorders, may have an influence orséverity of AA and further evidence
provided for autoimmunity as an aetiological fadtorthis disorder (553). Freyschimidt-
Paul's study revealed an essential requirement ifterferon-gamma-mediated Thl
activation in the induction of AA (554). Loss-ofAction mutations in the filaggrin gene
may be considered as promising candidates in AAumE when AA occurs in conjunction
with filaggrin gene-associated atopic disorder,dl@cal presentation of AA may be more
severe (555). Substance P (SP) plays a criticalinolhe cutaneous neuroimmune network
and influences immune cell functions through therakinin-1 receptor (NK-1R) may also
serve as important regulators in the molecularaigny network modulating inflammatory
response in autoimmune hair loss (556). Ran, a®ated nuclear protein, may play a role
in shrimp immunity against virus infection (557)daN-Ras or K-Ras inhibition increases
the number and enhances the function of Foxp3 asgyl T cells (558). A recent more
interesting study revealed that activities of RlagRamily GTPases were reduced by
lovastatin while myelin repair is induced in expeental autoimmune encephalomyelitis
(EAE) (559). These recent studies as well as owdirig of Ras-induced hair loss imply
that oncogenic Ras not only causes carcinogenadislevelopmental diseases (154;155)
but may also be related to development of some inendiseases like AA, although this

hypothesis is at its initial stage and many furstadies need to be done to verify it.

The hair loss found in this murine study may besne similarities to AA in humans, but
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it is not a model designed to study this diseasedoes it resemble androgenetic alopecia
(AGA) —a disease is characterized by a defined pattelaiofloss from the scalp (560),
neither congenital atrichia (AUC}-a form of isolated alopecia with an autosomal
recessive mode of inheritance and the patientbame with normal hair but this is shed
almost completely during the first weeks or montiidife and never re-grows (546). It
may simply be a feature of the inducible N-Ras eggion in melanocytes, induces an
immune response that on occasion can attack theifisptarget structure where the
apoptotic melanocytes residei.e. anagen hair follicles, and the hair cycle m&ye was
subsequently arrested. Another similar feature AfiA humans to this murine model is
that the hair may re-grow white and very fine (%43). In N-Ras mice, fine hairs can
grow back although these areas are still mainlyehavhilst the hair generally grows back
white in other areas (Fig 42) which may be theltesaf melanocytes apoptosis induced by
Ras expression as discussed at section 4.4. A ihdirless areas of human AA (543), in
N-Ras mice there was no actual loss of hair f@asc{i.e. the "root") in these fine white
hairs (Fig 43). Therefore, this unexpected hais lpsoduced in this study may offer a

surprise model for the study of AA in human.
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4.7. Summary and future work

4.7.1. Summary

All current available Ras transgenic models eitbarploy constitutive expression of
oncogenic or/and null TSGs, often on a CDKN2A baokgd, through embryonic stages
which only happens in melanoma prone families imans and often utilise the H-Ras
allele which is seldom mutated in human melanoriag exact gene-switch models to
accurately mimic this human disease therefore sékd to be developed. In addition,
although PTEN biological function loss lacks promotof N-Ras initiated tumourigenesis
and inducible N-Ras expression in adult mouse ¢rigg normal body defence system to
overcome its anti-apoptotic mechanism to resulamatyte apoptosis, the identification of
such protective mechanisms may provide furtherghtsi to identify new targets that
encourage these sentinel pathways in novel thetiapapproaches to prevent human
melanomagenesis. This initial early model provittesfoundations and technical insights
for the successful development of further inducip@e-switch approaches by introducing

additional melanoma relevant molecules into theéesys

The eye phenotypes developed in this model werenaetjuence of technical needs to
ensure that the gene switch was workingivo and unlike other models are not expected
to occur in straight forward topical administraticuch additional phenotypes are not
good for a cutaneous melanoma model because théyceeviability and would
compromise multistage compound mice attemptingsses several mutations in a stage
specific manner. Indeed, this was a real problemntHe early models developed in Mintz
(441;442) and Merlino (510) labs resulting in eatBath or disease in alternate tissue(s).
Even in the recent Ackermann model, phenotypic eye® also produced by constitutive
N-Ras expression although no uveal melanoma deseld@l5). The phenotypic eyes
displayed in our inducible model is very similarttmse displayed in Ackermann model

and resulted in the termination of these experisigiten our operating licence, however,
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we concludedthat the eye problem in our model was a result ystesnic Ru486 IP

injection rather than topical administration andsthvould be eliminated by withdrawal of
IP injection. Furthermore, only 2 out of 5 expre@sswere viable for analysis in the
Ackermann model indicating that constitutive N-Rapressing resulted in developmental
problems, which is avoidable in our inducible sgstbecause N-Ras would only be

expressed in adults, once the anti-Ras apoptosieanesm could be overcome.

The caspase-3 detection in those N-Ras expressi/oraPTEN loss skins show that there
is a defence system in normal mouse body to protetanocyte from oncogenic Ras
protein expression, which is consistent with thecapt of that oncogenic protein is not
really well tolerated by normal body, whereas ciuste N-Ras expressing resulted in
melanoma formation in adult and/or developmentdéécts (215). This finding could be
important for causal role study of oncogenic protekpression in cancer development
because the level and time of oncogene expressispdcific contexts may be important
for the determination of eventual outcome. Foranse, discovery of caspase-3 dependant
apoptosisin vivo melanocyte differs from MEK caspase-independerthvpay in vitro
induced by Ras, possibly indicates factors of MEKsmelanocytes; the different alleles
employed or possibly that Ras simply plays diffémemes betweem vivo andin vitro, as

revealed for PTEN gene functions in this study.

PTEN did promote N-Ras tumourigenesis vitro as discussed above, being another
difference ofin vitro from in vivo experimentation and the results are consistert thi¢
finding of that PTEN ablation more often being dé&d in cell lines than in solid tumours
and STC. The reason that PTEN loss lacked synergismN-Ras initiation is possibly
due to functional redundancy being on the samealligg pathway it provides the same
neoplastic hit at this stage unlike CDNK2A deletistmich provides different genetic

ablation of p16/p19 and cross-talk to numerous Igysc Ras pathways e.g. p53, Rb, cell
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cycle regulators such as cyclin D1. This is supmgblly colony melanocytes promoted by
PTEN function losdn vitro were not immortalised which is consistent with ameima
induction failure in a double genes (N-Ras/PTENptdmn linein vivo. It appears most
likely that at this stage, the combination of PTENs and N-Ras activation could not
overcome a sentinel mechanism of caspease-3 medaeptosis. Thus, if this was
compromised in other conditions, the observatidn§-®as cooperation with PTEN may
prove to be positive, as in papillomagenesis. Hanglre pigmented papillomas obtained
from the current microenvironment disruption, appeadepend on establishment of a
paracrine Kit/SCF survival loop and N-Ras exprassaongside PTEN loss gives
hyperplastic melanocytes. Even so this may bevaelketo the human condition, because
the data suggest that this kind of pigmented papdél may develop when
papillomagenesis and anagen melanocytes existrailgla Thus in humans, pigmented
papillomas may arise when tumourigenesis occunsanallel to hair follicle growth and
follicular melanocyte survival is maintained by Kahd SCF expression allowing this

survival loop.
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4.7.2. Future work

All other Ras melanoma models employed a CDKN2Acgit background as well the
necessity of TSG deficiency for tumourigenesis frother studies discussed above and
therefore, introduction of the p16/19 floxed micgoi this model is the primary task of
future work to mimic human disease. PTEN redunddondy-Ras in this model does not
rule out its cooperation at the later stage of mamtaa development and thus, the role of
PTEN and its synergism are also of interest in ftitare CDKN2A deficient models,

specifically to investigate the different rolesddterent stages of melanomagenesis.

The increased size of promoter containing additicglaments to enhance regulator
expression and melanocyte specificity is anotléntto define in future work, since the
same allele of H-Ras expressed from different sipedmoters displayed different
expression patterns in mouse skin and subsequerignomas at different locations and
with different histology. From this model, anotheteresting study to undertake is whether
increased N-Ras expression under longer versiokiseof yr promoter would also activate
this mouse defence mechanism to either overcomerdmain susceptible to it as revealed
in this model. If so, this result may produce thehHer evidence for the study by Sarkisian
and colleagues in which they found that near phggioal levels of Ras (K-allele) led to
hyperproliferation of epithelial cells whilst higlevels of Ras expression led to cell
senescence but not in CDKN2A deficient mice (5b§)using the longer version promoter
in regulator Cre it may result in higher N-Ras egsion as discussed at section 4.1 to
increase Ras expression lewvelvivo. If not will this still proceed through a caspase-3
dependant manner or different manner if apoptasisduced, i.e. is caspase-3 mediated

apoptosis a default programme to prevent the trotieof melanoma?

p53 gene is the most mutated TSG in human canbergever, mutational analyses by

many groups have reported a complete absence pioxerincidence of point mutation or
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allelic loss of p53 in surgical specimens of prinand metastatic melanomas, while
others have estimated the incidence of p53 mutatiome 15-25% of primary and

metastatic samples (561-563). Current data coleict&Sanger centre in UK also revealed
a reasonable high mutation rate in malignant meten(b64). Therefore, the role of p53 in
melanoma remained still controversial. Indeed, p&@&rozygous and null mice harbouring
H-Ras did develop cutaneous melanomas which aresrilar with those developed in

pl9 mull mice (565), whereas p16 remained intabtie Tesults indicated that p19-p53
functions as a melanoma suppression aris/ivo. In zebrafish expressing the most
common B-Raf mutant (V600OE) under the control @ thelanocyte promoter (see below),
led to dramatic patches of ectopic melanocytes ild wWpe p53 but B-Raf induced

melanocyte lesions rapidly developed into invasivelanoma in a p53 deficient
background (413). These models implied the funetfionles of p53 gene in melanoma
development and therefore, the introduction of pbBuse into this model could be

interesting too and the difference (if any) compaepl6 and pl19 mice.

Kit/SCF loops may play different roles at differesthges or in different contexts. Kit/SCF
provided a survival function in those pigmentedijf@ma melanocytes and is essential to
melanoblast migration and survival during embryages Kit function is lost or greatly

reduced in later stage melanoma(505), which sigpnitly appears to be the facts
underlying the melanocyte stem cell niche (53) #imas could lead to the rise of a
melanoma stem cell, or at least cells that no Iorage regulated by keratinocyte SCF
signalling. Thus, conditional deletion of Kit locusuld be really interesting to introduce
in this model for the study of gene function patteat difference stages of melanoma

development.

Melanocytes survival from apoptosis by disruptidnt® microenvironment but no further

progression from dysregulated by N-B&S expressing and PTEN aberrant to produce
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melanoma is interesting. As cells release cuesitooenvironment and numerous growth
factor signalling loops are overexpressed to prentomour progression, it is likely that
many other intrinsic (seed) and extrinsic (soitéas (e.g. Nodal, Notch signalling) are
involved in this survival model and currently undetensive study. By secreting Nodal
factor, a potent embryonic morphogen in melanonis @eit not in normal human skin,

melanoma cells modulated its immediate microenvirent to induce ectopic formation of
the embryonic axis when transplant melanoma celts blastula-stage embryo (8), and its
expression can be induced by Notch signalling B@®&567). The Notch signalling

pathway is simple but other signalling pathwaysssftalk with Notch signalling appears
to be extraordinarily complex (567). InvolvementNtch in cancers was first highlighted
in human T-cell leukaemia in which the aberrant dlotsignalling promotes

tumourigenesis (568). Notchl directly stimulatepression of the cell-cycle regulator
Wafl in primary mouse keratinocytes (569), whiclgaterely links Notchl and Wnt

signalling (570) and was downregulated by p53 hagwp51/p63 (571). Notch signalling

pathway was also identified to promote primary metaa progression through regulation
of PIP3-Akt pathway activities and expression ofCBdherin (572). Notch signalling,

acting through Hesl, plays a crucial role in thevisal of immature melanoblast and
melanocyte stem cell by preventing initiation ofopfosis (573). However, there is
mounting evidence that Notch signalling is not asolely oncogenic. It can instead
function as a tumour suppressor (574;575). Whetloelal, Notch signalling and other cell
survival factors would induce overt melanoma irs tinducible model by cross-talk to the

Ras pathway would be also very interesting to ingate.

While a redundancy was apparently creaedvivo, the resultsin vitro verified that
ASPTEN cooperated with N-Ras initiated tumourigesiesihich was consistent with the
previous reports in cell lines. However, despite tact that these cells were viable for

months they eventually senesced, implying thatehesults were similar but insufficient
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to achieve immortalisation, consistent with theuredhncy observedn vivo between
PTEN loss and N-Ras genes. Thus by introducing WV/Rradiation, a well know
environment risk factor cause DNA damage in melgt®c(66), ASPTEN/N-Ras
transformed cells may gain an immortalised potérita further studies. For instance,
UVR also induces melanocyte apoptosis and alpha-M8s1the anti-apoptotic activity
(66), whilea-MSH’s immunosuppressive effects in humans throMgilR on monocyte
and B lymphocyte (31) involves beta-defensin 10BTO03), a protein family previously
implicated in innate immunity, that binds with higffinity to the MC1R, and has a simple
and strong effect on pigment type-switching in sganic mice (397). Thus these MC1R
pathway related factors, would also be of signiftaaterest to be introduced in this model
and generate a very good melanogenesis model aseparthat of the Ras/PTEN pathway,
to explore the potential cross-talk of differenttipeays involved in melanoma

development.

The development of appropriate models may requeneeral other genetic aberrations
which function on a different signalling pathway tooss-talk with Ras, possibly to

overcome protective responses and develop cutamaelaoma. The other genes which
function on the Ras signalling pathway e.g. B-FRFEN and those genes (e.g. Kit/SCF,
Nodal, Notch, b-FGF, HGF etc) involved in melane¢gtelanoma development, including
survival, migration and differentiation would albe of interest to investigate their roles
and to develop successful highly flexible inducibdedels, specifically to delineate the
possible different roles underlying the developrakstages of melanoma and identify new

therapeutic targets.
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