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Abstract

The notch signalling pathway is essential for the development and growth of
all mammalian cells. The canonical pathway works by cell to cell
communication and influences gene expression directly. Notch signalling plays
an important role in cell differenti@on processes in the embryo as well as in
adult tissues.In Drosophila,signallingrequires a single notch receptor and

two ligands (delta and serrateHowever,in mammalssignalling is more
complex and there ardour notch receptors (NOTCHY), three dédta like
ligands (DLL1, DLL3, DLL4) and two jagged ligands (JAG1, JAG2). The
interaction betweena notch receptor at the cell surface and its ligand on a
neighbouring cell, leads to sequential proteolytic cleavages which release the
notch intracellulardomain (NICD) from the cell surface recep(&strach et

al., 20@). The NICD enters the nucleus and forms a complex with CSL and
Mastermind to activate target geng$iESand HEYfamily member¥ Notch
receptors have modified EGike repeats where fucose hdmeen added to a
serine or threonine residue and i§1O-linked fucose can be elongated by the
action ofan enzymeftinge), enhancing or blocking ligand bindifihere have
been extensive studies on notch signalling in embryos but less is known in

adult tissues, especially with regard to noanonical pathways.

The aim of this projectvasto examine the expression of notch receptors,

ligands and specific target genes during epidermal differentiation in human
13



skin. Thisvasexamined both in human epidermfm vivo)as well as in culture
models usingHaCaT, &eratinocyte cell line. Examiningotch signalling
activity at different stages of keratinocyte differentiatiocould help to
understand the precise role of notch signalling in cell fate determination
during normal cutaneous epithelial cell growth and development, and may
indicate what role, if any notch signalling might play in the pathology of skin

disease.

Most of the work ondelta ligands has been done in embryonic tissugih
little work on adult skin. Thuspur approach focused on expression of DLL1,
DLL3 and DLL4 in human epidermis and cultured HaCaT celleXptédsion
was confirmedmRNA and protein level including sequenbatno convincing
evidence of DLL3 or DLL4 expression wasdokvidence waslso obtained

for JAG1 and JAGpressionin human epidermis and cultured cells, and
there was some indication that differential expression might occur during

terminal differentiation.

RFPCR results indicated possible changes in nligeimd levels witlcalcium
induceddifferentiation in HaCaT celind these were quantitated bgeal time
PCR (gPCHxpressiorlevelscould not benormalised toa housekeeping gene
0 JActin, human ARP, human TF2H, GRP58, B2H, RPL13 ard aBf)ose
tested were not stable enouglrhus,cDNA probes fotwo notch receptors

(N1 and N3)three ligands (DLL1, JAG1 and JA&R)esponsive genes (HES1,
14



HES5, HES7, HEY1, HEY2 and HBYItjvo keratin genes (KRT14, KRT10)
were cloned andisedto constructstandard curvesThis allowedjuantitative
estimation of expression levels tarms of copy number and fold change in
both HaCaTellsand human epidermisK14,Notchland DLLXhanged very
little in HaCaT cellbut K10,Notch3 JAG1JAG2 and HE3dvels increased
with differentiation. It was also concluded thaitgsalling via Notch3 andAG1

may influence the progress of terminal differentiation in human keratinocytes
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CHAPTER 1 Introduction

1.1 Human Skin

1.1.1 Skin Structure

Skin is the largest orgagsystem in the human body and has three main
components: an outer protective layer (epidermis), a central connective tissue
matrix (dermis) and an inner subcutaneous layer of fat (adipose). Human
epidermis is a keratinized stratified squamous epitheliurattforms a semi
permeable physical barrieio the environment(Hall and Watt, 1989; Watt,
1989). Thickness varies according to body saed epidermis ighickest on

the palms of the hand and soles/heels of the feet (¢.8.0 mm) but much

thinner at other body sites (0-4.5 mm).

A complex programme involving cell cycle arrest and terminal differentiation
controls epidermal homeostasis, a process that invobaaplexco-ordinated
changes in gene expressi¢@huonget al, 2002) It is important to mention

that the epidermis is a antinuously self renewing stratified squamous
epithelium and the stems cells that generatestiissue reside in the basal
layer. The skin appendages (pilosebaceous unit, nails and sweat glands) are
epithelial structures that arise from the epidermis dwgi embryonic

development and are contiguous with the epidermis. They maintain their own
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stem cell populations and have their own specialised differentiation

pathways.

1.1.2 Stem Cells and Transit Amplifying (TA) Cells

In 1961, Till and McCullocheported the fiist evidence of adult cells that can
act as stem cells. This was identified after irradiation of the hematopoietic
system and since this time, stem cells have been identified in many other
tissues, including epidermis and the bulge area of hair follidettgn and
Loeffler, 199D The bulge stem cells can produce all the types of epithelial cell
required to form all the different layers of theomplexhair follicleincluding

the hair shaft(Taybr et al., 2000. In the same waythe epidermal stem cell
population produces the entire interfollicular epidermilkat is necessaryto

maintain skin integrity.

Epidermal stem cells are considered a small undifferentiated cell population
of self renewing basal keratinocyteBheycan produce a population of transi
amplifying (TA) cells that account for the majority of basal c&liskénbach
and Grinnell, 2004 The relatively minor population of resident stem ell
produce an impressive cell turnover rate to form ghhighly organized
stratified tissue lackenze, 1970; Potte& Bullock 1983; Morris et aJ 1985.

Sem cells respond to multiple signalling networkeat control theirdivision,
migration, proliferation and differentiation buprecise mechanismswithin

human epidermis are not yet clear Ruchs andHorsley, 2008 Moreover,
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differences have been observed in relation to rates of basal cell proliferation
versus stratification and differentiation, which vary considerably between
embryonic and adult epidermal cellBuychs and Horsley, 2008 his can mds
easily be explained by the asymmetric division of sigtisand TA cellsa
theory supported byin vivocell kinetic assay$6tten 1974; Mackenzie 1975;

Jones et al., 1995 and Clayton et al., 2007

It has been known for several years that stem cptisvide the proliferative
potential of adult human epidermis and this small cell population resides in
the basal cell laye(Fuchs, 2008)Several studies have estimated that basal
cells are a mixture of stem cells (~10%) and TA cells (~90%). Howvtewer, s
cells are difficult to define precisely and difficult to isolate for stuthey are

said to have the capacity to self renew indefinitely and to generate large
numbers of proliferative basal cells (transit amplifying or TA cells) and this
extensive capaty for cell renewal has been demonstratéd vivo (Jones &
Watt, 1993; Gambardella & Barrandon, 2003; Gallico et &bB84 and

Compton et a| 1989)

LY GKS YAR wmMdT nQa >poplul&ions Bere RderfifleSiNgey (
epidermal basal layer: tam cells, TA cells and cells committed to
differentiation (Potten, 1974; Christophers et.,all974; Mackenzie, 1975,
Potten and Morris, 1988) In 1974, Potten introduced an idea about
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epidermal stem cell units of specific structure and he defined a grofup
tightly packed proliferative cells (about 10) as an epidermal proliferative unit
(EPU). The architecture of the epidermis was observed and this gave rise to
the central stem cell theory, the need for TA cells, #mel observation that
daughter cells beome committed to terminal differentiation as they move
through the stratified epidermisas a vertical columnThis architecture
established the idea that stem cells sit at the centre of the EPU and
continually renew themselves as well as producing sufficient daughter (TA)
cells(Potten, 1974; Mackenzie, 1997; Fuchs, 200@anwhile, stem cells also
have a remakable ability to give rise to differentiating cel{Buchs, 2008)
Based on previous observati®m vitro, it was concluded that basal cells are
likely to divide symmetrically giving rise to eqeateddaughter cell{Lowell

et al., 2000; Lowell and Wat001) However, this debate carries on and
more recent studies have suggested that basal cells divide asymmetiically

vivo (Clayton et al 2007)

More recent research has been dedicated to identifying epidermal stem cells

with molecular markersLowdl and colleaguegointed out that the level of

imMm AYGS3INARY o0dzaSR Fa F OStf &adz2N¥FIF OS Yl
cells, as stem cells expres® 3old more than TA celld.owell et al., 2000 and

Kaur et al., 2004)This was demonstrated eaati by Jones and Wat{1993)

GKSNBE i m AYy(dSaNARyYy S@Sta Ay Odz GdZNBR K

in culture were also found to be high. In addition, other investigators have
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used different cell surface markers in an attempt to locate stem cellgun s
These includa small keratinK19 which has been used as a stem cell marker
in hair follicles(Michel et al., 1996; Lyle et al., 1998hereas, p63 was used

as a marker for interfollicular epiderm{®ellegrini et al., 2001 According to
Kaur et 4(2004), there are no current assays that can adequately distinguish
stem cells from their more committed progeny (TA cells), and that
measurement of stem cell activity requires letegm assays to measure
sustained epithelial regeneration. Neverthelessearchers have so far failed

to unequivocally establish if all the cells in the basal layer are stem cells or
whether only a small number of stem cells ex{Buchs, 2008)Although,
distinct stem cells do serve different regions of skin, some do haee t
capacity to regenerate other regions when necessary. Thus, hair follicle bulge
cells can regenerate interfollicular epidermis as well as the hair follicle, under
the right conditions. However, it is not yet fully understood how stem cells are
controlled so they can contribute to different levels of cell renewal at

different times Kaur and Potten, 20}1

It is important to point out that stem callare regulated by signals from

surrounding keratinocytes. This behaviour is defined by an orchestrated
interaction between intrinsic transcriptional programmes and external signals
from local tissuesHuchs et al., 2004; Watt and Driskell, 2010; Collins et al.,
2011]). To execute different programmes of terminal differentiation, stem cells

must be instructed bysignal transduction at an early stage. However, the
20



nature of these signals remains unclear and the mechanism by which stem cell
activity is regulated during tissue regeneration is still poorly understood
(Lowell et al., 2000; Fuchs et al., 2004; Cokihsl., 2011) However, an
emerging network of signalling pathways has established that one gene (p63)
controls stem cells at a certain stage in their development and their later
commitment to differentiation of the epidermiKster and Roop, 2008)his

was proven byLechler and Fuch005) where the data suggested that p63
and i 1h-catenin have a role in directing asymmetrical cell division in the
epidermis.In addition, eMyc also hasninfluence on stem cell fate where it
stimulates stem cells to generate TA cells (suggeste@dndarillas and Watt,

1997).

1.1.3 Epidermal Differentiation (Keratinisation)

Keratinocytes are the most abundant cell type in the epidermis and
considered to represan80% of the total cell population. They are highly
specialized epithelial cells that perform specific functions required for
epidermal renewal, cellular cohesion, and barrier format{@ambardellaet

al., 2003) They are organized as four different laydseeFigure 1.): basal,
spinous, granular and corneugickert and Rorke, 1989; Lee ef aD10) In
thickerskinat some locationgsa fifth layer (stratum lucidum) caadsobe seen.
Other minor cell types are also present in the epidermis such as Meekis

61 8820A1FG8SR 6AGK aSyaz2NeE ySNUS SyRAy 33
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immune surveillance) and melanocytes (produnelaninto protect agairst UV

damage)

Keratinocytes arattached to each other by adhesive intercellular junctions
known as desmosomes. These structures can bind intermediate filaments to
an inner plague at the plasma membrane and adhere to each other using
intercellular proteins desmocollirs and desmogleinswhich are members of

the cadherin super family of calcium dependent adhesion molec@asr¢d

and Chidgey, 2®&). The term wasntroduced ty Josef Schaffer in 1920 and is
derived from a Greek word (desmo) meaning bond and (soma) meaning body
(Delva et al 2009. Interestingly, they were first observednder the
microscopeby Bizzozerq18461901)and his insightful interpretation defined
them as adhesive cetell contacts Matoltsy, 1975; Amagai and Stanley,
20110 @ Ly { @dkndmnd) his EblleAges revealed that desmoscen
organization was more complex. FurthermorMatoltsy (1974) isolated
desmosomes from bovine nose epidermis using biochemical metlaods

defined several proteins

As the epidermis endures many mechanical stresses, it is crémial
desmosomes to form strong anchoring junctions between keratinocytes. As
intermediate filaments also attach to the inner plague, these sites of
intercellular adhesion form a supsellular network of scaffolding that can
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facilitate and distribute mechaical forces throughout the epidermisieen

and Simpson, 2007
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Figurel.1l: Schematic lllustration of the Structure of Human Epidermi
Epidermis has four major layers: basal layer attached to ltlasement
membrane, spinous layer, granular layer and the upper stratum corngum
(adapted from Zouboulis et al., 2008).

This dynamic structure is critical for maintaining keratinocyte stability. In
addition, there is evidence that desmosomes play a roledtular process
beyond that of cell adhesiorDglva et al., 2009 In fact,desmosomesppear

to contribute to cell signalling, development and differentiation in various
tissues including the skifisarrod and Chidgey, 280Petrof et al., 201)L This
means, they can participate in fundamental processes such as cell
proliferation, differentiation and morphogenesis. In particular, desmosomal
cadherins modulate intracellular signalling, control differentiation and may
induce a switch from prolifetion to differentiation upon stratificationlghii

et al., 2001;Garrod and Chidgey, 280Petrof et al., 2011)A similar related
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structure, the hemidesmosome, anchors epidermal basal cells to the
basement membrane zone. As the name suggests, this afalésmosome
on the basdateral surface of the basal keratinocyte and a different set of
specialised adhesion proteins conngttis structure to the collagen fibres of

the underlyingdermis.

As cells move from the deeper basal layer outwardsaion the spinous,
granular and cornified layers, they become specialized and this is reflected by
alterations in specific mitotic and synthetic properties as well as obvious
changes in morphology. Early efforts IBpstein and Maibach(1965)
calculatedan accepted value of 28 days for normal human epidermis to turn
over (from stem cell division to desquamation). This time includes stem cell
division, TA cell amplification, programmed terminal differentiatigranular

cellapoptosis, cornification and coroneyte desquamation.

A series of genetic changes accompanied by specific metabolic events occur as
the state of keratinocyte differentiation changes, a process called terminal
differentiation or keratinisation (se€igure 1.3. Thus, keratinocytes have a
relatively short life span in which they undergo a specific cycle of programmed
cell death with rapid metabolism, growth and differentiatiddchallreuter and

Wood, 1995).This process maintains structural stability of the epidermis and
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is dynamic so thaepidermal cell renewal is balanced by cell removal at the

skin surfaced maintain a constant thickness (homeostasis).

It is important to point out that during keratinisation, keratinocgtehange

size and shape accordingly. As soon as keratineaytave into the supra

basallayer, the nucleusndcell body become larger argtogressivelyassume

a more flattened shapdn the granular layer élow the stratum corneum, the

nucleus breaks down, and organelles are remou@anellar bodies secreted

by keratinaytes migrate towardthe cell periphery, where they release their

content of specialised lipidento the intercellular space in thdorm of
KERNRLIK20AO OSYSyliod CaAylfttftes G GKS ot
1SN GAy20e(S t2aSa Ala ydzOf Sdza | yR 2 NH
Corneocytes are not totally dead cells but they are unable to undergo any
further gene transcriptionHowever, the cells are full of structural proteins

and have the enzymes required for desquamatidhe epidermis therefore

provides a waterproof barrier that is constantly renewed from the basal layer

stem cells below.

At each stage of differentiation p&gdermal cells become more specialized and
alter both in structure and function. These changes in cellular differentiation

are controlled by both extrinsic and intrinsic factors determined mainly at the
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gene level, so studying the detailed molecular chantjat occur will allow a

more detailed understanding of the process of epidermal keratinisation.

P ——— e ——————— Stratum corneum

e
BBaEBn
ottt
:%Lgi@l@l@ Stratum basale

I Lamina basale

Stratum granulosum

Corneodesmosome Desmosome Hemidesmosome

Figure 1.2: Organization of Keratinocytes and Corneocytes in the
Epidermis. Keratinocytes at the basal layer are Hemidesmosornjes
anchor basal cells to BMZ (Basal Lamina) while desmosomes arjchor
basal cells (and suprabasal cells together). Keratinocyte structgyiral
stability is maintained by desmosomes in all living cells. They Jare
replaced by corneodesmosomes in cells of the stratum cornepim
(adapted fromBlanpain et al, 2006; Denecker et al., 2D08

1.1.4 Keratin Expression in the Epidermis

Intermediate filaments (IF) in epidermal keratinocytes are composed of
keratin protein subunits. They form a 3D filament network around the cell and
hold major organelles in place. However, taeare several keratin proteins

that form IF in the epidermis and theaxpression alters asells proliferate
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and differentiate (Bowden et al., 1987) The filaments in basal cells are
constructed from two keratins, K5 (a larger basic type Il keratin) and K14 (a
smaller acidic type | keratin)n addition, snaller amounts of K15 and K19
have alsdbeen reported in basal cells. Howeves keratinocytes commit to
terminal differentiation and move to a suptaasal position, they change their
gene expressioifEckert and Rorke, 198K5 and K14 are specifically down
regulated and differentiation relat keratins (K1 and K1@ye up-regulated.
Spinous cells contain all four keratins (K1, K5, K10 and K14) but as further
growth and differentiation occurs, granular cells contain more K1 and K10 as

K5 and K14 are progressively diluted out.

In addition, thecells of the upper spinous and granular cell layers express an
additional keratin, K2. This is a marker of late differentiation and is believed to
play a role in cornification. However, the precise role of K2 during late
differentiation remains poorly undstood (Collin et al 1992; Biklg 2004;

Sporl et al 2010.

No additional keratin gene expressiatcursin the stratum corneum at the
skin surface. However, the keratins hate na show the same biochemical
profile as thosein the lower living layers due to po#tanslational

modification that removes the basic terndh sequences fromthese
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differentiation-related keratins (K1, K10). This renders the proteins smaller

and more acidic than the original gene produ@s\denet al., 1984).

Keratin filaments terminate at desmosomes and anchor into the desmosomal
plague on the inner plasma membrane. They do not pass through the
desmosome, the two halves of which are held together by intracellular

interactions between desmocollins drdesmogleins.

In addition to alterations in keratin gene expression, many other specific
proteins are required for successful terminal differentiation and to hold the
epidermis together. A few are synthesised in spinous cells (e.g. involucrin) but
the mgority are products of the granular cell (e.g. loricrin and filaggrin).
Granular cells contain two types @&kratohyalin granule (KHG):-giranules
contain and release loricrin, a major component of the cornified envelope
while Fgranules contain and releadilaggrin, essential for the close packing
of keratin filaments in corneocytes. Granular cells also contain lamellar bodies
@YSYONIYyS O2I0dAy3 3ANIydzZ Saé¢ 2NJ ahRfl yF
by George Odlandn 1964 (Roet al, 1964) Lamellar bodies contain various
types of complex lipid including ceramid@anpain and Fuchs, 200G}hese
form complex intracellular lipid bilayers that fill the space between

corneocytes with a lipid rich environment that prevents the passage of
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aqueows molecules. This lipid barrier also prevents water getting out so

prevents dehydratiorviathe skin.

The other important part of the barrier is the cornifieell envelope. This is
made by cros$inking a number of specialised proteins (e.lgricrin,
involucrin, envoplakin, periplakin, small proliieh proteins, etc) to the
transmembrane integrins of the granular cell by the action of
transglutaminaseln this way, he cell membrane is significantly thickened
and made impervious to water and smalblacules. The envelope fills in the
plasma membrane between the desmosomes and these are further modified
to form corneodesmosomes so that the corneocytes and held firmly together
at the skin surface. This protects the human body from external
environmentd factors Chu and Morris, 20050nce the cells reach the outer
surface of the skin, the corneodesmosomes break apart under the influence
of proteolytic enzymes and the outermost corneocytes are shed in a process

called desquamatio(Hoath and Leahy, 2003arai et al., 2008)

The integrins form another important family of structural molecules in the
epidermis. Integrins are transmembrane proteins that act as cell surface
receptors to transfer information between the outside and inside of the cell.
Theyare very important for regulating epidermal growth, development and

wound repair. They consist of two different glycoprotein subunits (alpha and
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hpim FyR hci noOwith epiermal iSeieStiatibr{JanSsNat al.,

1995; Deyrieux and Wilson, 2087) ¢ KS hcin AYy(iS3INAya 2
lateral surface and form part of the hemidesmosomeiskieeps the basal cell

firmly anchored to the basement membrane zone (BMZ). Dueipiglermal
RAFFSNEBYUGAIFIGA2Y hcecin AYUGSANARY RAAGNROG
the mechanism that releases cells from the BMZ. Suprabasal cells express
hwimM YR hoim 6KAOK INB Ay@2ft SR Ay
addition to the desmsomes. Interestingly, their function switches from

contact between cells to contact with wound matrix molecules during wound

NBLI ANP CAylffes hpim Aa SELINBaZaSR 2yf

(De Lucet al., 1994Ginsberget al., 2003.

1.1.5 Calcium Regulation of Keratinocyte
Differentiation

During migration of cells from the basal layer to the stratum corneum,

keratinocytes change dramatically both in terms of morphology and cellular
biochemistry. In recent years, much progress has been made in relation to
understanding some of the detailed alecular mechanisms behind this

process.
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Calcium is critical for controlling the balance of proliferation and
differentiation in epidermal keratinocytes(Eckert and Rorke 1989)
Extracellular calcium suppresses proliferation and promotes differentiaifon
keratinocyteg(Yuspeet al,, 1989) Other studies have also shown that calcium
signalling is important and a sustained increase in calcium levels is necessary
for induction ard maintenance of terminal differentiatiofOda et al., 2000; Tu

et al., 200). Pillai et al (1990have shown that extracellular calcium can also
act as a modulator and activator keratinocyte differentiation. This was
examined by a comparative study withltred keratinocytesusing both the
HaCaTcell line (Boukampet al., 1988) and normal human keratinocytes
(NHK). Increasing the extracellular calcium concentration from 0.09 mM to 1.2
mM could induce morphological and biochemical changes in keratinocytes

similar to those observed during differentiatiam vivo(Micallef et al., 2009)

The effect of extracellular calcium on the induction of terminal differentiation
in cultured keratinocytes can be followed using markers of differentiation
such as keratis K1 and K10. These are only found in the spinous iay8vo

and are only expressed by differentiating cells in culture. The same is true for
other markers of differentiation such as involucrin and filaggrin, which are
localized to the upper spinous argtanular cell layers vivoand again only

F2dzy R Ay GKS Y2NB YL G dzNB(Yuspeeha, IBNL y G A |
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Keratinocytes cultured in low calcium medium (G@20 mM) grow as a
monolayer and exhibit properties of basal cells includingntibuous
proliferation and expression of basal type keratins (K5 and KAdding
calcium to the medium induece these cells to undergoterminal
differentiation. A sudden increase in calcium concentration in the culture
medium arress cell growth and switces cells into terminal differentiation.

The morphological and biochemical changes that occur in these cultured cells
resemble those occurring in suprabasal cellsiva This is also accompanied

by the expression of terminal diffenéiation markers such as K1, K10 and
involucrin(Bikle et al., 1996)There have been many studies of both primary
keratinocytes (mouse and human) and various cell lines (e.g. HaCaT, Ntert)
and a useful comparisatiustrated below inTable 1.1was publisled recently

(Micallef et al, 2009.

Table 1.1: Characteristics ofimmortalized and Normal Human
Keratinocytes. A number of measures of proliferation and
differentiation are compared (data fromdlicallef et al, 2009

m AY LINPf AISMI @ Ay LINET A-3F0% Ml

high Ca high Ca

Accumulation of S+G2 cells in hig @ {bDH OSffa
Ca

Delay in K1, K10, Involucrin in lc K1, K10, Involucrin expressed fra
and high Ca day 1 (low Ca)
K1, K10 expressed on day 3lo YMX Ywmn | YR Ly @
and high Ca in high Ca
Involucrin expressed on day 6 lo
and high Ca

32



Organotypic culture can also be used and hekeratinocytes arggrown at an
air-liquid interface These undergo more extensive differentiation and have
been successfullysed to study various aspects of keratinocyte growth and

differentiation in the laboratory.

1.2 Notch Signalling Pathway

1.2.1 Historical Background

Notch wa first described as a genetic trait in the fruit f{prosophila
melanogasterpy an American geneticist and a Nobel Laureate (TH Morgan) in
the early 28 century Morgan, 1917). He described a mutated strain of fruit
fly which had notches in the wingaales and attributed this to a lack of gene
function (haploinsufficiency). However, the gene involved was not isolated,

analysed and sequenced until the 1980s.

The initial characterization of notch mutants in Drosophila was done by
Poulson while describing drosophila gut formationthe embryo(Poulson,
1945). During that time (19371945), he examined embryological effects of an
extensive series ofiotch locusdeficiencies andnanaged to identify several
other defects in embryonic and adult tissues. Later work showed that the
Notch pathway was not only essentifalr Drosophiladevelopmentbut was

necessary foall animal tissuegWharton et al., 1985; Kidd et.al1986; Fior
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and Henrique, 2009)-urthermore, this work indicated that notch mutants
were not only involved in the development of the nervous system but also in
many cell fate decisions that take placedther animal tissues(Atravinas

Tsakonas, 1999)

Interestingly, the observations by Poulson helgedtlarifythe importance of
notch activity, and hovthe absence of notch genes can lead to hyperplasia of
neural tissue at the expense of epidernflsehmann et aJ 1983; Fior and
Henrique, 2009) Also, he notch pathway was identified as a cascade of
interacting neurogenic genes that function to control the formation of the fly
nervous systengVassin et aJ 1985). Thenolecular analysis and sequencing of
notch homologues was independently undertakenWlarton and colleagues
Ay (K S(Whadoy at@l3 1985)n the early 1990s, the four mammalian
homologues of notch (Notchc#) were identified Hansson et al.,, 2004
Ligands and ceeceptors have now been identified in several speciesble

1.2).
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Table 1.2: Notch Receptors, Ligands and Gotivators in Different Species
(data summarised frorfrior and Henrique, 2009
Species | Drosophila | C. elegans Chick Mammals
Notchl
Notch Lin12 Notchl Notch2
glp1 Notch2 Notch3
Notch4
Lag2 Deltal B::é
Delta Apx1 Delta4
DI-4
Serrate arg-2 Jaggedl Jagged1
f16b122 Jagged?2 Jagged?
CBF1/ CBF1/
Su(H) Lagl
RBPJK RBPJK
Mam1l Mam1
Mam Lag3 Mam2 Mam2
Mam3 Mam3

1.2.2 Notch Signalling in Epidermal Development

Normal epidermal homeostasis requires a tight control of pecdifion and
differentiation programs within the epidermis. It is well known thaitch
signalling regulates epidermal cell adhesion and allnbeessarycomponents

are expressed in epidermal keratinocyt®agelos and Massi, 2009

In recent years, there has been considerable progress in identifying the

signalling pathway that regulates epidermal differentiation. It is important to
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point out that movement of signals from outsid® inside the cell is
fundamentalto many biological pycessesthat take place in the skin and
other tissues. This requires an interaction between two cells (a sending cell
and a receiving cell) where specific signal transduction takes place. This
means, cell growth or differentiation in the skin is somehowdtioning in an
integrative manner in which cellular processes are controlledfqrt and

Dotto, 2003.

However, signal transduction can also be mediated by several other factors
such as ion movements into and out of the cell and by modifying proteins by
phosphorylation(lversen et al., 2005 hus, multiple signals from surrounding
keratinocytes are involved in inducing the maturation of an individual
epidermal cell. Several important signalling cascades have been implicated in
the control of keratinocyd differentiation. These include the WhtCatenin
pathway Huelsken et al., 2001l Sonic Hedgehog (ShHjaf and Khavari,
1999; Hurlbut et al., 2007NFr | LR JBeitz et al., 1998; Nickolof et al., 2002
and cMyc Gandarillas et al.,, 1997 Homeobox (HOX) genes are also
considered as a critical player in the embryologic development of Sldat{

and Goldsmith 1993. In addition, lbne morphogenetic protein (BMP)
signalling is expressed throughout most of the developing skin epithelium and
this appeardgo inhibit the early stages of hair follicle morphogenegiadle et

al., 2004; Blanpain and Fuchs, 2R%otch signalling has now been added to
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the list of intercellular communication pathways that are involved in cell fate

determination within theskin

Abroad spectrum of developmental processes is regulateddigh signalling
(ArtavanisTsakonas et al., 1999There are a number of core players that
participate and the initial interaction requires contact between two
transmembrane proteins, a notcheceptor on one cell and a delagged
family ligand on an adjacent céfortini, 2001) However, there are 4 different
notch receptors and 5 different ligands in human cellaking interactions
complex. Differential expression of notch receptors andaigls can vary in
interfollicular epidermis and skin appendages, correlating with distinct cell

fates and the control of different programmes of differentiation.

Severalstudies haveestablisheda dual role for notchmediated changes in
some cells. For exple, Notch 1 allows basal cells to detach from the BMZ by
down regulating integrins but at the same time, it promotes early up
regulation of differentiation markers such as keratins (K1 and K10) and
involucrin. It also prevents the induction of loriciamd filaggrinin the lower

epidermis so these molecules are oelypressedn the granular layer.
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Recently, it was shown byloriyamaet al (2008) that notch signalling induces
granular cell differentiation and, simultaneously, prevents premature
differentiation of spinous cells due to the simultanes existence of both a
transcriptional activator and repressor downstream of notch duringlepnal

development(Figure 1.3.
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Figurel.3: Expression of Notch Receptors, Ligands and Target
Genes in Human Epiderm{adapted fromWatt et al, 2008).

The original notch signalling pathway components (e.g. delta (DLL) and
mastermind (MAM) genes) were isolated from neurogenic tissuds
Drosophila (Egan et .al1998) The notch signalling pathway is a process of cell
to cell communication that mediates sit signals that are able to regulate

cell fate decisions and maintain stem cell populations.
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The notch gene encodes a single transmembrane receptor pr¢fajure 1.4
that contains many EGF repeats and three membsareximal repeats
(Lin12/Notch/Glpl). The intracellular domain also has four distinctive
regions: a RAM domain, ankyrin repeats, TAD and RIBS8iRins (Baron,
2003) This polypeptide is synthesised in teadoplasmic reticulumcleaved
into two portions and hese are linked in a nowovalent manner bythe

heterodimerization region.
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Figurel.4: Schematic Structure of Notch receptoFheextracellular region
of the Notch receptor in Drosophila has 36 EGKE repeats (coloured in
purple) but fewer in mammals (296, differ in Notchl, 2, 3 and 4). Thjs
region is where Notch interacts with the ligand and EGF repeats 11 and 12
are essential for binding. The adjacent noin, known as a Lih2 repeat
(coloured in blue), is rich in cysteine and lies in close proximity to [the
heterodimerization domain (coloured in pink), responsible for binding the
two portions of the notch receptor together. The intracellular part of Notch
has four domains: a RAM (RBPjk Associated Molecule) domain (coloufed in
green) that enhances CSL (CBF1/Su(H)) binding, an adjacent sefies of
Ankyrin repeats (coloured in orange) that mediate CSL binding apd a
transactivation domain (TAD, coloured in y®l)o necessary for DNA
binding. Finally, the PEST domain (coloured in red) which is rich in proline,
glutamate, serine and threonine, targets Notch for degradation (adapted
from Radtkeet al.,2005;Fiuza and Arias, 2007

Plasma Membrane

In Drosophila, notch signalling lgnrequires three gene products: a single
notch receptor and two ligands (delta and serrate). In contrast, mammals
have four different notch receptors (NOTCH1, NOTCH2, NOTCH3 and
NOTCH4), three deligke ligands (DLL1, DLL3 and DLL4) and two jagged

ligands (JAG1 and JAG2). The number of notch receptors and ligands also
40



varies with species but despite this variation, notch signalling plays an
essential role in several developmental processes common to all vertebrates

(Louvi andArtavanisTsakonas, 200@sshown inFigures 1.5 and 1.6
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Figure 1.5 Schematic Diagram of Notch Signalling Pathway in
Drosophila. Notch receptos are singlepass membrane molecules
activated by Deltdike and Serrate family membrandound ligands.
Notch is transported to the plasma membrane #go cleaved but
otherwise intact polypeptides. Interaction with ligand leads to two
proteolytic cleavages that free the intracellular domain (NICD). The NIGD
translocatesto the nucleus, where it forms a complex with DNA binding
proteins (CS) and displa@s a histone deacetylase (HDAw)-repressor
(CoR) complex. Components of an activation complex, such as MAML1
and histone acetyltransferases (HATSs), are recruited to th€éDESL
complexand activate Notch target genes. Note: CBT and SMRT are n(
involved in target gene activation (adapted from the following website
http://www.genome.jp/keggbin/show_pathway?org _name=dme&mapno
=04330.

—
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Figurel.6: Schematic Diagram of Notch signalling Pathway in Mammal
Notch proteins (Notchl-4 in vertebrates) are singjgass membrane
receptors activated by Delta and Jagged families of membbausd
ligands.Notch is tansported to plasma membrane awo polypeptides
bound together at thecleavage site Ligand mteractiors lead to twomore
proteolytic cleavages that releasedlintracellular domain (NICD). The NIC
translocates to the nucleus, forms a complex watfiDNA binding protein
(CSL and displaes the histone deacetylase (HDAc)-repressor (CoR)
complex. Components ofhe activation complex, such as MAML1 an
histone &etyltransferases (HATS), are recruited to the NE3ID complex,

leading to activation ohotch target genes. Note: Hairless and Groucho Ie

not involved in target gene activation (adapted fro
http://mww.genome.jp/kegg/pathway/hsa/hsa04330.html).
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1.2.3 Structure of Notch Receptors and Ligands

of jagged is absent in deltaFiizaand Arias,2007). However, both

lig2). This is considered the most interesting region for notch signalli
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There are two main differences in structure between delta and jaggeglie
1.7). Firstly, jagged has 18 epidermal growth factor (EGF) repeats while delta

only has 9. Secondly, the cysteine rich region withinak&acellular portion

are

transmembrane receptors and have a cysteine rich called DSL d2eltde

ng as it



mediates the interaction with the notch receptor EGF repeats-12lregions
associated with ligand binding). Moreover, theédminal region is crucial for
this interaction. The structure of the notch receptor and both ligands (delta

and jagged) is shown Figue 1.7below Fiuzaand Arias 2007.

Extracellular region

DsL

EGF-like
repeats
DsL
EGF-like
repeats

EGF-like
repeats

LIN 12

: repeats
Cys-rich P!
region
Non covalent

Plasma Membrane Heterodimerization domains

RAM

Delta Jagged Ankyrin

repeats

TAD
Intracellular region Notch + PEST

Figure 1.7: Schematic illustration of Notch Receptor and Ligand (Delfa,
Jagged)Structure Notch ligandgdelta, jaggedand rrate) are composed
of a DSlregion containing several EGF repeatssponsible forreceptor

interactions Jaggedand ®rrate) alsocontain an extracellular cysteirrich

regionbut delta does not Notchhasup to 36 EGHike repeatsin mammals
varies between 286 EGF repeats depeimgy onNotch 1,2, 3 or 4) EGF
repeatsites 11 and 12 are sufficient to mediate the interaction. Notch also
contains a cysteinegich region (Lin-12 repeat$ in close proximityto the
heterodimerization domain that nowgovalently tethers the extracellular
domain to prevent ligand independent signallingNotch intracellular
domains have four specific regionRAM (RBPjk Associate Molecule
Ankyrinrepeats (mediate the interaction between Notch and CBF1/Su (H)),
a transactivation domain (TADand a PESdomain (involved in notch
degradatior). PM: plasma membran@dapted fromFiuzaand Arias2007).

~—
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1.2.4 Notch Signalling Pathways

Notch signalling can occur via canonical or sanonical pathway

(Figure 1.8. The canonical pathway is notch cleavage dependent while

non-canonical pathway does not require cleavage of the receptor.

Canonical Non Canonical

I J
Notch Notch Cleavage
— s
Cleavage not required

* |

Ll * 1 L
* Axon growth and Guidence
~N

& <=
Dab €— —/> o
NICD l

\

/ Differentiation into Myotubes // KK

Peripheral Nervous System

_). Targets
Neural Crest Development NF-KB  gene

from Talora et al2008).

Figure1.8: Schematic of Canonical and Nd@Panonical Notch Signalling
Pathways Canonical notch signalling requires an interaction betws
receptor and ligand thateleasesthe intracellular domain (NICD) by
series of proteolytic cleavages. This domain translacatethe nucleus,
dislodges transcriptional cerepressors and enabdegene activation. Non
canonical signalling does not require irfreembrane cleavage ang
interaction between the receptor and ligand signals via NICD, Trib/Dagb or
other signalling pathway<an influence tissue development (adapte

)
en

|

o
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In 2002,0kajima and Irvinesuggested that notch signalling via its ligands is
positively regulated by a trargolgi protein called OFUT1. However, when
OFUT1 is ovesxpressed, it appears to inhibit notch signalling. This
paradoxical effect was apparewtldue to increased removal of notch
molecules from the cell surface (plasma membrane) and their entryant®

of the protein degradation systes(e.g. the ubiquitin proteasom@. This
mechanism prevents excessive accumulation of notch receptors at the cell
surface(Sasamura et al., 2007yhus, howOUFT1 contributeto higher levels

of notch activation during development is still not clear.

In general, notch signalling is triggered by cell to cell contact and this
communication is essential for the cortepatterning of animal tissues.
Interestingly, the interaction between the notch receptor and its ligands is
complex and bottserrate and delta can act as signal activators or inhibitors in

a concentratiordependent mannerKiuza et al., 200)0The notch eceptor is
presented on the surface of one cell where it can then interact with ligands on
neighbouring cells. The signalling pathway has several st&kigpgé¢ 1.9 and

these can be defined according to a series of proteolytic cleavages (labelled S1

to S9.

S1 cleavage takes place in the traymdgiin mammalsduring the transportof

the notch receptorto the plasma membrane but that does not appear to be
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the case inDrosophila A study byKidd and Lieber(2002) using a furin
resistant receptor showed that S1 cleavage was not required nfmch

function inDrosophila

However, there is still no consensus concerning the role of S1 cleavage in
notch function in mammals. Additionally, S1 cleavage appearhaee
different effects on the surface expression of N1 and N2 but is not required
for pathway activation. Another observation was tHafand binding makes a
conformational change in the RR (negative regulatory region) and then
metalloproteinase cleavagis?2) can remove the extracellular domé@ordon

et al., 2009)

The Slcleavagesite acts as a negative regulator of the receptor (NRR)
prevent notch activation in the absence of ligarkbpan and llagan, 2009
This cleavage is done by an enzymevimaas furin convertase within the
Golgi complexduring transport to the plasma membrane. This cleavage of
mammalian notch receptors yields a noavalently associated extracellular
domain and transmembrane subunit which form a heteiimeric unit(Rand

etal., 2000)

The second proteolytic cleavage (S2) takes place at the cell surface after an

interaction between the receptor on one cell and a ligand (delta or jagged) on
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a neighbouring cell. This cleavage is mediated by members of the ADAM
family of metaloproteinases(Gordon et al., 2009)The interaction between
receptor and ligand exposes an extracellular metalloproteinase sensitive site
and the cleavage is done by an ADAM metalloproteinase such as TACE. This
releases the extracellular domain (ECD) tha NICD still remains membrane
tethered asthis cleavage occurs external to the cell membrane. The cell
membrane tethered NICD is the substrate for the next proteolytic step (S3

and S4).

In vivostudies in drosophila have shown that these two conseeutieavages

(S3 and S4) require presenilin proteins in order to release the NICD and
activate notch signalling by translocation to the nucleus. In mammals,
presenilin is associated with a large number of other proteins that make up
the 1 -secretase complexX&3 cleavage takes place within tethered NICD where
presenilin and nicastrin release a soluble NICD. Interestingly, a recent report
by Taniguchi et a(2002) suggests that presenilin may not be the protein that
directly cleaves notcl{Baron, 2003) The notch intracellular domain (NICD)
once released from the plasma membrane can move to and enter the
nucleus. A repression complex consisting of CSL andptessor proteins

binds to DNA and keeps gene expression levels lowHsgee 1.9.
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Figure1.9: Schematic lllustration of Notch Signalling Pathway in Mamma

S

Notch receptors on cell surface interact with ligand on a neighbouring ¢ell.

Receptorligand binding triggers notch signalling viaseries of proteolytic

cleavages. The first cleavage by furin convertase (S1) occurs before ligand

triggering while the second cleavage by a transmembrane metalloprotein
(ADAM) termed TACE (transactivation converting enzyme) removes
extracellular denain. The final cleavage (83 { n 0 -sécketaskcomplex

ase
the

releases the notch imacellular domain (NICD). This can then enter the nucleus
and displace gene empressors. NICD binds to mastermind (MAM) and CSL

(CBF1, Su(H) or LA®to form a complex thtacan activate target genes HE
and HEY family (adaptdtbm Bianchi et al., 2006; Tien et al., 2009; Yin et
2010.
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Therefore, in the absence of signalling, transcriptional repression of notch
target genes occurs in the nucleus. However, oncédN#Granslocated to the
nucleus, the RAM domain triggers structural changes in theepeessor and

this is displaced. RAM is an essential structure for the association of NICD and
CSL. In mammal&;Promoter binding factor 1GBF1) functions as the CS3litu

and once the caepressor has been displaced, MAM can bind to form a
ternary complex that acts as a transcriptional activator. The MANactor is

very important in organizing this complex as it can recruit other proteins that
play a role in the trangiptional up regulation of target gendge.g. HESand

HEY) However, it also recruits cyclin C and cydiépendent kinase 8 (CycC:
CDK&8) which can hyperphosphorylate the NICD so that it becomes a target for
PESTependent degradation by Sell10 ubiquitigdse Eryer et al., 2004 This
reduces nuclear levels of NICD and terminates activation of transcription,

allowing a tight control of notch signalliffgior and Henrique, 2008)

Notch receptors contain three highly conserved Lin12/Notch repeats and a
heterodimerization domain (HD) that interacts to prevent premature
signalling in the absence of ligand (d&gure 1.10. The EGF repeats can also
be modified by adding various sugansd this allows enzymes such as Fringe

to modulatereceptoractivity.
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Figure1.10: Domain Structure of Notch Receptor ProtanNotch ligands
bind to the extracellular domain (EGF repeats1P) ofthe receptor in a
non-covalent manner. The intracellular domain detaches after a seriep of
proteolytic cleavages that releases the NICD. LIN12 repeats modplate
interactions between extracellular and intracellular domains. RAM
(CBF1/RBPJ kappa (RBRabsotated molecule in mammals and th
transactivation domain (TAD) aid release of NBEZI allow activation of
target genes in the nucleus. PESTProline, Glutam¢ Acid, Serine,
Threoninerich and NLS= Nuclear Localisation Signal. Transcriptiopal
activation domain (TAD) differs among the fonotch receptors(adapted
from Haltiwanger and Stanley, 2002; Wu and Griffin, 2004; Radtkal.,
2005)

D

1.2.5 Notch Transcriptional Regulation

Although the NICD is a shdinted transcription factor, it is possible that some
notch target genes encode stable transcription factors that could produce a
sustained activity of the pathwassignallingdepends on theamount of NICD
inside the nucleusand this only appears to require a low concentration.
However, in the absence of NICD, CSL will bind 4®messors (e.g. SMRT,

SPEN) and these will keep transcription silent.
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Several mechanisms can regulate the notch signalling pathway. One
important fador is the presence of the delta ligand. If therecisinteraction
between the notch receptor and a delta ligand within the same cell, this can
block interaction of the receptor with a ligand on a neighbouring cell. As a
result, cis interactions down reglate notch signalling in cells wre high
levels of delta ligan@ccuron the cell surface(Heitzler and Simpson, 1993).
decade laterBaron(2003) showed biochemical data to suggest that delta has
a direct inhibitory effect on notch receptors and cactively down regulate

notch signalling in cells.

Another important factor is endocytosis of notch receptors or ligands. There is
a strong possibility thalNICDdegradation keeps levels in the nucleus low. This
mechanism is controlled by two domains: TAD (transactivation domain) and
PEST (prolineglutamic acig serine and threoningich) domain. The C
terminal region of the PEST domain is phosphorylated by CDKS8, a- cyclin
dependent kinase(Fryer et al.,, 2004pnd suchterminal phosphorylation
targets the NICD for Fbw7/Sell0 ubiquitin ligase, a REB&ndent

degadation mechanisnmn vivg that maintains low NICD levels in the nucleus.

Endocytosis is considered a major player in enhancing signalling between
notch receptors and its ligands. In particulaotch receptor activation where
ligand endocytosis is proked by moneubiquitination which is mediated by
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E3 ubiquitin ligases, neurilized and mindbonite Borgne et al., 2005 and
Chitnis,2006) In addition,Heuss et a{2008) proposed that endocytosis is not
only required for ligand binding but also for recmgliback to the plasma
membrane and generating a new active ligand. Interestingly, it was found that
endocytosis in other species is nalwaysthe same as irDrosophila For
example, endocytosis of DSL ligands is essential for notch signalling in

mammals It not inC. elegans (Fortini, 2009).

In order for the ligand to be active, neurilized and mindbomb are required and
work in close association with endocytosis, and are helped by the ubiquitin
binding protein, epsi{Wang and Struhl 2004; Wang and Stru®005; Bray,

2006).

It was found that notch signalling can be suppressed by high levels of ligand.
In other words, the same ligand which interacts with notchranms (cell to

cell) in order to get activate signalling are also capable of interacticgio
cause inhibitory effectsel Alamo and Schweisguth, 2009; Fortini, 2009
Although the mechanism is not completely understood, this can be explained
by a negative feedback loop in which cells receiving the signal down regulate
ligand expression, tis reducing their ability to signal back, knowntemns
inhibition Bray, 2008 Moreover, Miller and his colleagues presented new
evidence suggesting thais (within the cell) inhibition of Notch pathway by
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delta in signal sending cells play a role weheemoval of E3 ubiquitin ligase is
required for delta signalling at least during eye developmeMillér et al.,
2009. In addition, the inhibitory effect can potentially take place at any
membranous compartment that contributes to developmental changethe

tissues and is not restricted to the cell surface.

Glycosylation was also found to play an important role in notch signalling. The
extracellular domain of notch receptors and the DSL ligands contain a few
potential sites for N-linked and O-linked gycosylation involving fringe
glycosyltransferasesuch asO-fucosyltransferase (@utl in Drosophilaand
Pofutl in mammals) and RumiA¢ar et al., 2008 Fortini, 2009. These
glycosyltransferases catalyse the elongationOgfucose by adding fdcetyt
glucosamineto specific EGkke repeatsin the notch extracellular domain
(Bruckner et al., 2000 This has a complex effect on notch signallfmge
increases the affinity between notch and its ligands and at the same time has
an inhibitory affect orother ligands. For exampl@-inked sites on the notch
extracellular domairare more sensitive to delta than to serrate in the dorsal
compartment of theDrosophilawing, so notch signalling will be higher via

delta than via serrate.

The fringe family immore complex in mammals. There are three types of fringe
proteins known as Manic, Radical and Lunatic. They are all notch signalling
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modulators and are expressed in various restricted pattdsaswere found
to have different effects. For example, deltadutes notch 1 activity but
jagged inhibits notch activity according to studies danevitro and in vivo

(Haines and Irvine, 2008ortini, 2009.

O-fucosytransferases also have an important role in notch signalling. Adding
fucose to the EGHke extraellular repeats of the notch receptor allows
further modification and extension by fringe. In mammals, it was found that
Pfoutl is required for the generation afotch receptors as ia requirement

for transport of the notch receptors to the cell surfag®kajima et al., 2005)

On the contrary, Rumi was recently identified in Drosophila and it catalyzes
the addition of O-glucose to specific residgeof the notch extracellular
domain in the endoplasmic reticulum. Its absence may lead to normal notch
recepbr transportation to the cell surface buéceptorproteolysis faikd in all

tissues examined causirgeverenotch signalling defectAcar et al., 2008)

Hubbard etal (1997)also suggested that other down regulators of notch
signalling such asbiquitin ligaseplay a significant roleOriginally identified in
C.Hegans an E3 ubiquitin ligase component known as-$@lwas found to
interact with the NICD. It is thought that it may stimulate and trigger
phosphorylation of the NICD and this conseqtly increases NICD turnover in
the nucleus. On the other hand, it regulates the presence of notch receptors
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on the cell surface. For example, E3 ubiquiiyase (Nedd4 irDrosophila
targets notch molecules to the late endosome and subsequent deg@dati
Interestingly, Deltex (an E3 ubiquHiigase inDrosophild is considered a
positive regulator of notch but in mammalian cells it down regulates notch
activity (zon et al., 2002; LBorgne, 2008%. Thus, ubiquitin appeato control

the availability & notch receptors at the cell surface as well as subsequently
affecting signal strength and the duration of the sig@lor and Henrique,

2008)

1.2.6 Target Genes of Notch Signalling

The main notch targets activated by the ternamyclearcomplex belong to

the HES and HERP gene families. These ermaxie helidoop-helix pHLH
transcriptional repressors whose main function is to implement cell fate
decisions mediated by notch signalling. In fact, HES and HERP families directly

affect cell fate decisions as primary notch effectdtgy(re 1.1}

Until recently, the HES genenfdy were the only known effectors of notch
signalling in mammals. However, a new understanding of the notch signalling
pathway was identified with the discovery of the HERP gene family. This
discovery pointed out similarities between HES and HERP asctiptional
repressors. In particular, some amino acid sequences of HERP were closely

related to those of HES family membefiso et al., 2003) Despite the
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similarity in the function of HES and HERP as transcriptional repressors for
notch signalling, HERRamily members employ a different repression
mechanism(lso et al., 208). Interestingly, HERP expression is detected in

both HES expressing and RBIES expressing tissu@gso et al., 2003)

Basal Cells
JAGGED Notch Receptor

Notch
Cleavage

r ' 1
J’ * Hesl Independent
+
I's

a6pB4, B1, K15
Basal gene o
NICD Hesl

- K1,K10
m Spinous genes on
Granular Cells e —’- Hesl Dependent

Figurel.11: Notchl Function in Epidermig.he epidermis is composed
of several layers, each in different stages of differentiation. Spedgific
proteins are expressed in each cell layer. Notchl enhances [the
expression of keratinl and involucrin, and prevents the induction| of
filaggrin and loricrin, Wwich are induced in much later stag@slapted
from Okuyama et al., 2008).
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1.2.7HES and HERP Gene Families

In Drosophila Hairy and Enhancer of Split (E(spl)) genes are the primary
targets of deltanotch signalling but in mammals, the target gesre termed

HES. The HES family is a basic tedig-helix (bHLH) type C protein that can
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modulate the transcriptional activity of target genes. A decade ago, another
bHLH family member was identified and named HERP-i¢tiE&ssor protein)

and thisfamily had three members HERP1, 2 and 3. However, themes

have changed more recentiHEY (HEY2, HEY1, and HEYL), HESR (HESR2, 1
and 3), CHF (CHF1 and 2), HRT (HRTZ2, 1 and 3) and Gridlock. Tladlse are
crucial elements for the development of segmentation, myogenesis and
neurogenesis and directly affect cell fate decisionsnany tissueglso et al.,

2003;Fischer and Gessler, 2007

Interestingly, HERP was found to have similar domain characteristics to HES as
well as a related amino acid sequence. Added to that, they part ofthe

larger family of basic heldoop-helix (bHLH) proteins that regulate
transcription by acting as repressors. They have a distinct domain structure
including a specific hydrophobic domain that can form hemaor
heterodimers. To date, more #&m 240bHLH proteins have been identified in
different species including many in mavigssari and Murre, 2000They have

a distinctive function that requires interaction with a specific DNA binding
site. This interaction is closely mediated by contactwesn each basic
domain and a specific half site of DNAnsensussequence Nurre et al.,

1994).
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Due to the bHLH structural and biochemical characteristics, they can be
divided into three groups (A, B and C) as illustrated belaable 1.3) Group C

are daracterized by an invariant proline residue at a specific site in the basic
domain. Usually, they bind to class C sites (CACGNG) as wetb@s N
sequences (CACNAG). They are also known to bind class B sites to some

extent but not to class A sit€fisherand Caudy, 1998; Iso et al, 2003).

Tablel.3: Classification of Basic Hetboop-Helix (bHLH) Proteins.

Fisher & Caudy| Massari & Murre

(2000) Protein Type/Function

MyoD, . .
Mash1 Transcriptional Activators
Class B Myc, Max bHLHLeucine Zipper
HES, HERP Transcriptional Repressors
Vi HLH Proteins lacking basic
region
VI bHLHPAS Proteins

A major difference between HES and HERP is a specific proline residue in the
basic helidoop-helix region of HESnd HERP has a glycine residue in the
correspondindocation All HES members share the WRPW motif where as the
HERP family has a YRPW motif or on#gsofariants: YQPW or YHSWigure

1.12). Additionally, the HERP family has an extra carbterminal region

58



which is absent in HES family. Another difference is that the HERP gene plays
a critical role in mediating notch effects in both HES and-H&S expressing
tissues kso et al., 2008 The structural similarities and differences among HES

and HERProtein families are shown belowF{gure 1.12

Target Genes of Notch
Basic helix-loop-helix Orange/helix3-helix4 Tetrapeptide
HES1-7 - HES1, -5, -7
P WRPW
HERP1-3 - HERP1, -2, -3
G YRPW/YQPW/YHSW
oz [ ?

P

Figure 1.12: Schematic of Notch Target Genes (HES, HERP and DEC)
Conserved domains are marked by distinct colours: The basic donmain
coloured in blue, the hel#oop-helix domain coloured in purple, the
Orange domain coloured in orange, and te&ra peptidemotif coloured

in red. Potential target genes of Notch arstéid on the right. DEC is
shown because of its similarity to HES and HERP but there is no fata
supporting DEC as a Notch target (adapted ftemet al., 2008

1.2.8 Regulation of HES and HERP Gene Families in
the Epidermis

Seven HES family members (HES1E&H and three HERP family members
(HERP1 to HERP3) have been described in manidredag et al, 2000; Iso et

al, 20@). However,evidence has suggested that only three HES genes (HES1,
HES5, HES7) but all three HERP genes are potential targets of the notch

signalling pathway. However, this work was conducted in tissue culture
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models that do not always reflect the situatiam vivo(Iso et al, 2003)Also,
while strong evidence that HES1, HERP1 and HERP2 were primary targets of
notch in cultur@ cellswas provided, only HES1 and HES5 are known to be

true effectors of notchn vivo(Ohtsuka et al1999).

Furthermore, experiments in e showed that notch signalling could affect
HES and HERP genes differently. Some target genes appear to be
independent, while a lack of notch signalling can cause a decrease in the
expression of other target genes. This observation supports the suppositio
that HERP may be a physiological notch effector. Another observation is that
HERP1also calledHEY2, HESR2, CFH1 or HRT2) has intrinsic transcriptional
effector activity and forms a heterodimer with HES1. However, these
physiological observationstill need to be testeddirectly on target gene

promoters (so et al., 2008

Another study showed that HES1 expression was not affected in the absence
of notch. This raises a question as to whether there is an alternative pathway
that can lead to target genexeression in the absence of notch signalling.
According toMoriyama et al(2008) HES1 was expressed in undifferentiated
embryonic stem cells, in foetal tissues, endothelial cells and regenerating liver

(Katch and Katdn, 2007.
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Anin vivostudy using micesuggested that only HES1 plays an important role
in the development of the epidermis. Nevertheless, it did show how crucial
HES1 was for the generation and maintenance of spinous cells during
epidermal development but the situation in postnatal tisswess not clear. At

the same time, this indicates how important notch signalling is in the

development of the nervous system and pancreas. While it is clear that HES1,

HESS5, and HES7 can be induced by notch signalling, it appears that HES2, HES3

and HES6 expssion can be induced independent of notch signalling
(Moriyama et al., 2008)However, the situation with HES4nigt clear as there
is still insufficient data available. Other studies, suggested that HERP family

members can be induced by notch signalling tasults arealso inconclusive.

1.2.9 Role of Notch Signalling in Epidermal
Development:

Notch signalling i€onsidered a highly conserved pathway essential for cell
fate determination in embryonic development but less is known about the
function in adult tissues. Human epidermis is regulated by notch signalling
and this is required for the maintenance of stesils, for proliferation and for
differentiation into mature keratinocytesBlanpain et al, 2006 However,
some details of how this complex terminal differentiation programme is

regulated in keratinocytes still remain uncledtig¢koloff et al., 2002 Whike
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notch signalling in human epidermis may initially promote differentiation, loss
of notch signalling in the skin may potentiate skin tumour development or
result in a defect of interfollicular epidermal differentiatigRangarajan et al.,
2001 and Nicolaet al., 2003) It is important to point out that notch
signalling is critically dependent of specific interaction with other signalling
pathways with possible opposite roles in growth and development of different

cell types.

It is now well demonstratedhat notch signalling plays an important role in
promoting human 3cell leukaemia In fact, the proteoncogenic function of
notch signallingis also considered in human breast, ovarian cancer and
melanoma. This was proveexperimentallyby Lefort and his team where
suppression of notch signalling by either genetic or pharmacological
manipulation was sufficient to observe oncogenic changes in primary human
keratinocytes. Also, gene knockdown of ROCK1/2 and MREKivoshowed

that those kinases ra critical targets in controlling human keratinocyte
tumour formation through negativaegulation by Notchland p53 which
controls the expression of Notchl in keratinocyte cell lines and tumours

(Lefort et al., 2007)

In addition, suppression of Notchih primary human keratinocytes with

activatedras causes aggressivauamous cell carcinoma (SCC) formation. A
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major consequencef Notchl deletion is impairment of skin barrier integrity
andthe defective barrier may promote tumorigenesis. Accordindgéonehri

et al (2008) a reduction in notch signalling within keratinocytes impairs the
ability to executethe terminal differentiation programme resulting in a
defective skin barrier and deathf areas involved were large. Another
observation was proposegisingreducednotch expressioras an experimental
model suggested that the main effect dfiotchl loss is to providea
proliferative signal tanitiated cellswhich can thenform tumours and may

evenproceed to invasive carcinom@®@emehri at al., 2009)

Although, most SSCs harbour pBfitations, additional tumoulsuppressrs
have been reported such adlotchl mutatiors. It is well documented that
Notchl mutations occur in  majority of -dell lymphoblastic
leukaemia/lymphomeas. Yet, loss oNotchl can producédasal cell carcinoma
like cellsor SCCs in mice. In, fact current models suggest Matthl canact

as a transcriptional down regulator due to p53 loss of functi@amich
subsequently cawes human epithelial malignancies. In addition, there is
geretic evdence that norcanonical notch function in the skin may also
contribute to carcinogenesis. Wareg al identified the presence ofNotchl
and Notcl2 mutations in 75% of cutaneous SCCs. This observation suggests
that targeted inhibition ofthe notch pathwaymay induce squamous epithelial

malignanciegWang et al., 2011)
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Several studies have examined notch signalling in human epidermis at the
protein level.Lowell et al(2000) suggested that Notchl was expressed in all
living epidermal cells throughout diffentiation but DLLIwas confined to the
basal layer. On the other hantlyilson and Radtké2006) provided evidence
that mMRNA encoding NotckHl was expressed in the basal layer of human
epidermis.Estrach et a(2008) also detected suprabasal expressionlAG1

and JAGZ2. In additio®owell et a1998) detected expression of Notchl and
JAG1 at the protein level in hair follicles with Notchl expression in the bulb

and ORS while JAG2 was restricted to the bulb and basal layer of the ORS.

A new insight presented biyloriyama et al (2008suggested that the role of
notch signalling was to either inhibit or promote differentiation depending on
the exact cellular circumstances in which it was acting. This was proven in
another study that highlighted a crucial role for notch signalling in the

inhibition of epidermal developmen(Blanpain et al., 2006)

For example, absence of Notchl in postnatal tissues causes hyperproliferation
of basal keratinocytes. In contrast, absence of Notchl during certain stages of
epidermal development can result ypoproliferation of the basal layer and
loss of the granular layéBlanpain et al., 2006)These contradictory functions

of the notch signalling pathway in regulating keratinocyte proliferation and
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differentiation raises questions about the precise raenotch signalling in
embryonic development and in posttal adult tissues. In addition, which
notch signalling pathway (canonical or noanonical) is active during the
control epidermal keratinocyte§Rangrajan et al., 2001However, there is
still very little evidence of any dynamic regulatory function of notch signalling
in terms of epidermal differentiationin order to clarify some of these issues
with regard to notch signalling and epidermal differentiation, a series of
experimentshave beencondwted based on the HaCaT cell culture model of

calciuminducedkeratinocytedifferentiation.
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CHAPTER 2: Materials and
Methods

Studying the expression of notch receptors, ligands and target genes and the
control of the signalling pathwain vivo(i.e. inhuman skin) is not realistic, so

it is important to have a model that resembles the skin as closely as possible.
As we have focused on epidermal differentiation, a HaCaT cell culture model
appeared to be the best option for conducting experiments that gamic

the differentiationrelated changes observed in human epidermis. A number
of different culture experiments were done as only a limited amount of
material in terms of protein and total RNA can be produced per experiment
and there is a need to test ¢hreproducibility of such models. Also, in order to
examine cultures using different techniques such as immunofluorescence
(IMF), protein electrophoresis (SIPAGE) and western blotting, polymerase
chain reaction (PCR and-RTR) and real time quantitatv®CR (QPCR), more
than one set of cultures would be required. Thus, cultures were set up in
duplicate and sometimes triplicate so that total RNA could be extracted from
one set, protein from another and IMF done on another so they all used the
same cells.In addition, specific DNA probes of each signalling pathway
intermediate were made from isolated total RNA and cloned into pGEM

vectors to act as quantitation controls for QPCR.
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2.1 Keratinocyte Cell Culture Models

Cell culture models are a valuable basegseaarch tool and they have
significantly helped molecular investigations into the structure and function of
many different human tissues. For instance, in skin biology, studies of
keratinocytes in monolayer culture have elucidated many functional and
strudural characteristics of the epidermis. These cells can stratify to produce
the typical cell layers foundn vivo and allow the study of keratinocyte
differentiation and production of the cornified envelope (skin barrier).
Furthermore, if used in raisedrganotypic cultures, differentiation proceeds
even further and these models are now considered as an alternative to the
use of laboratory animals, especially in the pharmaceutical and cosmetic

industry.

2.1.1 HaCaT Cells

HaCaT cells are immortalized human keratinocytes that replicate indefinitely
at low density but are able to differentiate at high density. Furthermore, high
concentrations of calcium in the culture medium can increase the potential of
these cells to diffezntiate. In low calcium (0.06 mM) medium, the cells are
flat and spindle like with an absence of cell to cell adhesion. However, when
the cells are exposed to high calcium levels (1.8 mM), they switch from
proliferation to differentiation. The cells beconaeiboidal in shape and form
compact organised groups with strong cell to cell adhesion via desmosome
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junctional complexes. In addition, once they become confluent, they can also

stratify forming several vertical layers of cells.

One advantage of using a HaCaT cell model is that these cells retain most of
the features of normal epidermal cell morphogenesis and differentiation. At
the same time, they can be encouraged to enter differentiation in a co
ordinate manner upon stimulatiorwith calcium. Furthermore, these cells
express markers appropriate to their state as well as undergoing noticeable
structural changes as differentiation proceeds. This allows investigation of the
signalling that underlies the calcium induedtferentiation in a laboratory
setting. However, as these cells are immortalized, they can vary in growth rate
and may respond to stimuli in a different way to normal keratinocytes, which

can affect the validity of the experimental results obtained.

The HaCaT celline was provided by Prof. N.E. Fusenig (Deutches
Krebsforschungszentrum [DKFZ], Heidelberg, Germany). Frozen HaCaT cells
were stored in cryogenic ampoules in liquid nitrogen and the current research
project used cells from passage-89. Stock cells weret@ed in a crye
protective medium containing foetal bovine serum (FBS from Lonza, Slough,
UK) and 10% dimethylsulphoxide (DMSO, Sigma Aldrich, Gillingham, UK). An

aliguot of cells was thawed at room temperature (RT) and thesuspended

in 10ml of prewary SR 5dzf 6 SO02Qa a2RAFTASR 9 3t S
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Invitrogen, Paisley, UK) containing 10% FBS and antibiotics (100 units/ml of
penicillin and streptomycin from Lonza, Slough, UK). All cell manipulations
were performed under sterile conditions in an asemitvironment within a
class 1 containment cabinet. HaCaT cells were grown in “tadtre flasks
(Corning flasks supplied by Western Laboratory Solutions, Horndean, UK) with
vented caps and incubated at &7 in air containing 5% GQ@VCQO17AIC
incubator, Sanyo, Loughborough, UK) until they reacheeB@% confluence.
The DMEM medium was changed every other day and cells were passaged

every 56 days.

In order to passage the HaCaT cells, they were detached from the surface of
the culture flask using trypsinnitially, the cells were washed three times with
sterile phosphate buffered saline (1x stock PBS from Lonza, Slough, UK) and
then 5 to 10ml TrypshEDTA solutionO(5 mg/ml Trypsin, 0.2 mg/ml EDTA
from Lonza, Slough, YKvas addedo the culture flaskThis was placed in an
incubator at 37Cfor 515 minutes depending on cell density. The cells were
dislodged from the flask base by tapping the sides and then transferred to a
50 ml polypropylene tube containing 15ml of DMEM supplemented with 10%
FBS. Théubes were centrifuged at 1500 rpm for 5 minutes at RT (Cetira
centrifuge from IEC, Massachusetts, USA), the medium was carefully poured
off and the cells were rsuspended in 5ml DMEM supplemented with 10%
FBS and antibiotics (as detailed above). Thre® flasks each containing 10

ml of DMEM containing 10% FBS and antibiotics were prepared and 1ml of the
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re-suspended cells added to each flask to provide-sulbures for subsequent
experiments. The new flasks were labelled with the passage number dad da
and then incubated for -8 days at 37 °C in 5% £Gome of the generated

HaCaT cultures are then frozen down for future use.

To freeze down HaCaT cells, they should initially be grown as usual in DMEM
medium with 10% FBS until they are 80% conflug@ien the medium was
poured off leaving the cells adhering to the plastic dish. The cells were then
washed three times with 1ml of sterile 1x PBS and then incubated in T¥ypsin
EDTA (0.25% of Trypsin with 1mM EDTA) solution ‘@ 8f# 5 minutes. Cells
were dislodged from the flask by tapping the sides gently and then transferred
into a 50ml tube containing 15ml DMEM + 10% FBS. The tubes were
centrifuged for 5 minutesat 1500 rpm (RT)in a CentradB (IEC,
Massachusetts, USA). The supernatant was removed thed cells re
suspended in 10 ml of freezing medium (FBS + 10% DMSO).-Singpended

cells were pipetted into a series of 1ml cryovialoi(ning, NY, USAgbelled

with the cell line, passage number and date. These were initially frozen in a
85°C freezeifor 1-2 days and then transferred into a liquid nitrogen storage
container (BIO36, Statebourng/ashington Tyne & Wear, JKkor long term

storage
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2.1.2 Calcium-Induced Differentiation

When HaCaT cells growing in DMEM reache®d confluence, they were
transferred to keratinocyte growth medium (KGM). Cells were washed with
PBS and trypsinized as detailed above then centrifuged (1500 rpm, 5 mins, RT)
and resuspended in 5ml of KGM medium (Lonza, Slough, UK) containing
0.06mM CaGl(low calcium medium)ovine pituitary extract (BPE), hEGF,
insulin, hydrocortisone, genatmicin sulphate and amphotericin B. The cell
density was assessed using a haemocytometer under a light microscope and
the cell density of the original sample calculated as described below (See

Figure 2.1).

Count
within
ax4 grid

Count cells on
and within Blue
Line but not
those outside

Figure 2.1: Counting cells under Light Microscope using fa
Haemocytometer Add cell suspension to haemocytometer and
seal with cover slip. Count living cells (bright and round) in 4x4
grid (16 squares) but not cells outside the blue line. Tofal
number of cells counted in a 4x4 grid X&Quals cell count/ml
(e.g. if 82 cells were counted then there were 8.BddIs/ml).
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Culture experiments required 7 large (10cm) petri dishes whviefe plated at

a density of 4.5x10cells per dish (in 6ml of medium), requiring a total of
3.15x16 cells (7 x [4.5xTQ) in 42 ml (7 x 6ml) of medium. For one
experiment, cell counting results gave a density of 8.2x#ls/ml so for
seven dishes the tal volume of cell suspension needed would be 3.84ml
(31.5x106 divided by 8.2x1%). This was then diluted to a total of 42.0 ml by
adding 38.16 ml low calcium medium, mixing gently and then, adding 6ml of

the cell suspension to each dish.

The larger 10cndishes were seeded at a density of 450,000 (4.Bxaélls for
RNA/protein extraction while smaller 3.5 cm dishes containing éower slips
used for IMF were seeded with 100,000 (1¥1€®lls, both in low calcium KGM
medium. In order to assess HaCaT cells that were still proliferating and
actively growing, one dish of cells was harvested at 3 days (about 30%
confluent) and another dish at-6 days after plating (#80% confluent). At
this point, terminal differentiation was induced in the cells by altering the
calcium level to 1.8 mM. A third dish was kept in low calcium medium for
another 6 (or 10) days and then left to grow until the end of the experiment
(harvested on day 12 or 16 depding on the experiment). Three sets of
plates (four in some experiments) were grown fob Says in low calcium
medium and then switched to KGM medium containing high calcium (1.8

mM). These were also harvested at intervals (Begire 2.2.
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HaCaT Calcium Shift Assay
Initial growth
DMEM +10% FCS
*O
b\'s\
L2
q&c’\, \,0“A [:— = J Day 6+1
Day 3 e
it [ — = 1 [777J Day 6+3
Day 6 [:f— —i‘] | Shift to High Ca
—_— [:fi’:] Day 646
Day 16 [::—_—:]
g = [1—' S ‘-:] Day 6+10
Low Ca (KGM 0.06mM) High Ca (KGM 1.8mM)

Figure 2.2: HaCaT Calcium Shift Assa@ells initially grown in
DMEM with 10% foetal calf serum until conflueftypsinizedand

re-suspended in low Ca KGM medium then transferred to|7
dishes, one for each timpoint. A sample was taken on day 8
(about 30% confluent) and another on day 6 -8@o confluent).

At this stage, 4 dishes of cells weshifted to High Ca KGM
medium while one dish was kept in low Ca KGM throughout the
experiment. Cells were then grown limgh calcium medium for up
to 10 days (harvest after +1, +3, +6, +10 days). Cells in low Ca
medium for 16 Days were also collected.

2.2 Immunofluorescence (IMF)

Proteins (or antigens) can be detected in tissues and cells using a technique
called immunofluoescence (IMF) microscopy. There are two general
approaches, direct or indirect. Direct immunofluorescence requires a
fluorescent dye that is attached to the primary antibody, which can then be
used to localize the respective antigen in a tissue or celflinyrescence
microscopy. Indirect immunofluorescence is more sensitive because this

involves a three step rather than a two step method. Here, the fluorescent

73



dye is linked to a secondary antibody that is used to detect the primary

antibody in a species spific manner (se€igure 2.3.

Indirect Immunostaining

[’ Tissue Antigen ‘ Primary AntibodyJ

¢ Fluorophore @®8 secondry Antibody

Figure 2.3 : Schematic Representation of Two Immunofluorescenge
Methods. Direct immunostaining (usually a two step method) requireg a
fluorophore that is attached to therimary antibody (usually by biotin
streptavidin) and the complex is directed towards the tissue antigen.
Indirect immunostaining (usually a three step method) requires unlabelled
primary antibody that is used to detect the tissue antigens of interest gnd
then the primary antibody is labelled with a species specific secondary
antibody linked to the appropriate fluorophore.

One advantage of immunofluorescence is that the technique can also be used
to visualize two or more antigens within the same tissueeat sample at the
same time using different colour fluorescence. However, this requires that the
primary antibodies are derived from different species and the secondary

antibodies are speciespecific so that no cros®activity occurs. A different
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fluorescent dye can then be attached to each secondary antibody and so two

different antigens can be localised in different colours (Begire 2.4.

Rabbit anti goat

W/ Rabbit anti mouse

Mouse Antibody

G_oat | -7 I
Antibody X.-_ .J—_—_—_—_—_\
/ Cell D

of o o Different Antigens 1 l Different Primary Antibodies

ﬂ' *I:!' Fluoroscent Dye l Different Secondry Antibodies

Figure 2.4 Schematic of Double ImmunofluorescenceA labelled
secondary antibody raised against mouse IgG (Rabbitnamiise) and
conjugated to a fluorescent probe (e.g. green) can specifically detectlany
primary antibody raised in mouse. Another secondary antibody raiged
against goat IgG (Rabbit aigtbat) and linked to a different fluorescent
probe (e.g. red) can specifically detect any primary antibody raised in
goat. Thus, in the tissue section one antigen is decorated green and the
other red while yellow denotes the presence of both in the same place.

2.2.1 Tissue and Cell Preparation

Cultured cells grown on glass cover slips were treated with specific rabbit
polyclonal or mouse monoclonal antibodies (s&able 2.). For double
immunofluorescence, the primary antibodies were either added as a mixture
or addedsequentially. However, each primary antibody should be used at its
optimal concentration (usually diluted in 1x PBS). The primary antibodies were
then detected by speciespecific secondary antibodies (s&able 2.2 which

are bound to a fluorescent dyeilexa 488 (green) or Alexa 594 (red). These
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dyes can be visualised under a fluorescence microscope and the location of

antigens within the cells can be observed and digitally recorded.

2.2.2 Antibodies

Polyclonal and monoclonal antibodies are widely used seaech as well as in
medical diagnostics. They detect the presence of antigens in tissues or cells by
reacting to various epitopes or regions of a specific antigen to which they
were originally raised. They are also species specific and generally ansibodie
to human antigens are raised in mice, rabbits or goats. The epitopes can be
linear or have a requirement for thregimensional structure, characteristics
that can limit their use. The optimum concentration for each antibody was
established by testing set dilutions. Despite polyclonal antibodies being
sensitive, they are not always monospecifc. This depends on the purity of the
original antigen used and the response of the animal in which they were
raised. Therefore, cros®activity can be experience@nd is especially

apparent in closely related antigens of the same protein family.

Keratin 10 is well documented as a marker of differentiation and expressed
predominantly in suprabasal epidermal cells vivo. A mouse polyclonal
antibody (Ab2463%0) wascommercially available from Abcamable2.1). A
keratin 14 (K14) mouse monoclonal antibody (LL002) was used as a marker of
the proliferative compartments K14 was expressed specifically in basal cells
of epidermis invivo. This antibody (LL0O02) was originally made in the London
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Hospital by Prof. Irene Leigh but can now be purchased from Abcam. In
addition, a rabbit polyclonal antibody to a nuclear marker found in dividing

cells (Ki67) was purchased from Abcdrale 2.).

In order to detect Notchl receptor expression in basal and/or suprabasal
epidermal cellsin vivo and in cultured keratinocytesa rabbit polyclonal
antibody (Ab5702) that was commercially available from Chemicon was
purchased Table 2.]. Jaggedl, a Noh ligand was detected in human
epidermal cellsn vivoand in cultures with a goat polyclonal antibody2@

that was purchased from Santa Crialfle2.1).

Table 2.1: Primary Antibodies used for IMFThe species, catalogue
number, source company and working dilution are listed for each primary
antibody.

Mouse LLOO2 Abcam 1:5 10 pl in 50 pl
Rabbit  Ab2463850 Abcam 1:25 2 plin 50 pl
Rabbit Ab5702 Chemicon 1:25 2 ulin 50 pl
Rabbit ~ Abl16667 Abcam 1:25 2 plin 50 pl

Jagged Goat G20 Santa Cruz 1:25 2 plin 50 pl

There were two different Alexa Fluorescent dyes used in the IMF experiments.
For instance, Alexa (type 594) which gives red fluorescence was used for the
keratin 14 mouse antibody. On the other hand, Alexa (type 488) which gives a

green fluorescence was e@d for Keratin 10, Ki67, Notchl and Jaggedl
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antibody detection. Keeping in mind that this fluorescence depends on the
species of the primary antibody whether it is a goat, rabbit or a mouse (see

Table2.3.

Table2.2: Secondary Polyclonal Antibodies used in IMRvo different types
of Alexa fluorescent secondary antibody were used: Alexa 594 (red
fluorescence) and Alexa 488 (green fluorescence). These also differed in| the
species detected (use mouse, rabbit or goat dagiag on the species of
primary antibody).

K14 Alexa Mouse 594 1:500 2 plin 1ml

K10, Ki67, Notchl Alexa Rabbit 488 1:500 2 plin 1ml
K14 Alexa Mouse 594 1:500 2 plin 1ml
Jaggedl Alexa Goat 488 1:500 2 plin 1ml

2.2.3 Labelling Procedure

Cultured cells (HaCaT) were grown on cover slips in 35mm petri dishes and
were fixed using a mixture of iemld methanol/acetone (1:1). The fixed cells
were then washed with 1x PBS and either processed directly for single or

double immunofluorescence oeft in 1x PBS overnight in the fridge (4°C).

Several 100ul aliquots of blocking solution (TBS + 5% BSA) were pipetted onto
a piece of parafilm (Nescofilm, KARLAN Research Products, Arizona, USA).
After fixation, cover slips were removed from the dish, dabbed on filter paper

to remove excess liquid dnthen inverted (surface containing cells facing
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down) onto an aliquot of blocking solution. These were incubated for 30
minutes at RT after which the cover slips were gently tapped on tissue to
remove excess liquid. They were then placed face down on|a @lquot of
primary antibody diluted in PBS + 0.6% bovine serum albuminTablke 2.1
for list of primary antibody working dilutions). The cover slips were incubated

overnight at 4°C in a humidified dish.

Secondary antibodies were diluted in PBS 6%0.BSA (se@&able 2.2for

details) and 100 pl aliquots added to a sheet of parafilm. The cover slips were
washed three times with PBS (phosphate buffered saline) and after excess
liquid had been removed, they were placed face down on the secondary

antibodyand allowed to incubate for 30 minutes at RT.

Finally, the cover slips were washed three times in PBS, dabbed dry and
placed face down on a 70 pl aliquot of DAPI solution (diluted to 1:1000 with
PBS) for B0 seconds. Excess DAPI was removed andcdle slip placed

face down on a 10 pl aliquot of hydromount placed on a glass microscope
slide. These were left for one hour until they were dry and then the cover
slips were sealed onto the slide with clear nail polish. The slides were stored in
the fridgeat 4°C in the dark until examined under a fluorescent microscope

with the appropriate filter.
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2.2.4 Assessment of Results

A high resolution fluorescence microscope with a digital capture photographic
system (Nikon Optiphot EFPwith Zeiss Axiocam system) wased to view

the samples and provide images of the specimens studied. This microscope
has a mercury light source, specific fluorescence optics (x20 and x40) and
filters for FITC (green), TR (red) and DAPI (blue). These filters also work with

the green (488and red (594) Alexa dyes.

HaCaT cells were stained with selected pairs of primary antibodies linked to
two different coloured fluorescent dye complexes (red or green) and
counterstained with DAPI (stains nuclei blue). Each slide represents a different
stage of HaCaT cell growth and differentiation. Individual images were taken
for each cover slip under red, green or blue filters and recorded using the
Zeiss Axiocam HRc system. Later, these images can be viewed by Axiovision
software either as the indidual colour images or any combination of the
images (e.g. red and green, red and blue, green and blue or all three). These

images were stored on a computer hard drive as both tiff and jpeg files.

2.3 Total Protein Extraction and Analysis

Total protein extradbn is a method where the protein components of

cultured cells or tissues (human, animal or plant) can be isolated from the
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other macromolecules in the cells. As total RNA was also sought, a kit that was
able to isolate both total protein and total RNA finothe same sample was
used (Norgen Biotek RNA/Protein purification kit, Norgen Biotek Corporation,
Thorold, Canada). This made it possible to isolate both RNA and protein from
a very small sample and use these extracts to study gene expression in a

reliable way from a single sample of cells.

2.3.1 Extracting Proteins from Cultured Cells

Total RNA was extracted from HaCaT keratinocytes grown in 10cm petri
dishes. The medium was removed from the dish and the cells were washed
with 2ml PBS at RT. A 700ul aliquot lysis solution supplied in the
RNA/protein purification kit (Norgen Biotek Corporation, Thorold, Canada)
was added to cells in the petri dish and a 1ml syringe was used to mix the cells
and lysis buffer. The mixture was then placed in a sterile 1ml tabelled

with the extraction date and the tubes placed in-anx/ FNBST SNJ

extracted.

In order to extract protein from the stored samples, they were first thawed on
ice and then an equal volume of isopropanol was added and mixed. An aliquot
of the lysate/alcohol mixture (up to a maximum of 600 pl) was applied to a
separation column (from the Norgen Biotek RNA/Protein purification kit) and

centrifuged (Sigmal3, Buckinghamshire, UK) at 11,000 rpm for 1 minute at
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RT. At this stage, the materialigdd from the column can be used for protein
extraction. The eluate (1Q0) was placed into a fresh microcentrifuge tube
(supplied in kit) and 448 of molecular biology grade water containingL24f

pH binding buffer was added. The contents of the tuberevmixed well and

up to a maximum of 6Q@ of pH adjusted protein was transferred into a new
spin column with a new collection tube attached. This was centrifuged at
8,000 rpm for 2 minutes at RT. The spin column was inspected after
centrifuging to ensurdghat the entire sample had passed into the collection
tube. Then, flow through was discarded. Once the entire protein sample has
been loaded onto the spin column, 5a0of protein wash buffer (supplied in

the kit) was applied to the column and centrifugatd8,000 rpm for 2 minutes

at RT. The flow through was discarded and the spin columns were inspected
for any residual liquid that did not pass into the collection tube. Neutralizer
(9.3ul) was added to a 1.7ml elution tube (both supplied in the kit) ame t
spin column was transferred into this elution tube. Finally, {06 protein
elution buffer was added to the spin column and centrifuged at 8,000 rpm for
2 minutes at RT to elute the bound proteins. The columns were discarded and
the eluate in the codiction tubes were transferred to new labelled 1.5ml

tubesandstoredatH 1 x / 0 & K 2NAx /0 SWNANI 2Ny 3 GSNY ad
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2.3.2 SDSPolyacrylamide Gel Electrophoresis

Polyacrylamide gel electrophoresis in the presence of sodium dodecyl
sulphate (SDBAGE) is a method of separating a protein mixture into its
component polypeptides according to size. Separation of proteins of average
size requires a gel of about 10% besolving gels in the range of 7.5% to

17.5% can be used.

Gels were prepared in a plastic cassette held together with bulldog clips and
sealed at the bottom. This was set up on a tray and the necessary reagents for
two 10% resolving gels were mixed together (3able 2.3 and pipetted into

the cassette. This wdgled to a point about 2 cm from the top and a layer of
water was carefully applied to ensure a flat surface while the gel sets (takes

about 30 minutes).

Table2.3: Preparation of 10% Resolving Gels (SESGE).

1.5M Tris pH 8.8 3.75 ml 0.375M
30% gel solution 5.00 ml 10%
dHO 6.025 ml Not applicable
10% SDS 150 pl 0.1%
10% Ammonium persulphate 75 pl 0.05%
TEMED 7.5u 0.05%
Total Volume 15ml
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A stacking gel is added the top of the resolving gel and this requires 5ml of
a 4% gel mix prepared as shown beldwlfle 2.4. Once the resolving gel was
set, the water was removed from the top and replaced with the stacking gel
solution. A comb was then carefully placed intettop of the stacking gel

mixture which was allowed to set for about-30 minutes.

Table2.4: Preparation of 4% Stacking Gel (SBSGE).

0.5M Tris pH 6.8 1.25ml 0.125M
30%gel solution 0.66ml 3.9%
dHO 2.98ml Not applicable
10% SDS 50ul 0.1%
10% Ammonium Persulphate  50ul 0.1%
TEMED 10ul 0.02%
Total Volume 5ml

The sealing strip was removed from the bottom of the gel cassette (prevents

liquid gel leaking fronthe cassette before setting occurs). However, the strip

must be removed to allow the current to flow through gel. The two cassettes

FNB LI OSR 2yG2 (GKS -/ Sftf LLu az2RdzZ S |

the wells facing inwards and the gels locketbiplace.

Running buffer (80ml of 10x running buffer stock mixed with 720mOjkvas

poured into the apparatus and the protein samples and molecular weight
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markers were carefully added to the wells. A sampleaof 3 A Oa | NJ x
Protein StandardInvitrogen, Paisley, UKknd low molecular weight range
marker were loaded first then the samples (15 ul of protein marker mix plus 5

pl 4x buffer was loaded per well).

Finally, the chamber between the gels was filled up to a point about half a
centimetre above the wells. The gels were run at 150V (constant voltage) until
the marker dye reached the bottom of the separating gel. At this point the
power was turned off and the gels were unlocked. A novex spatula was used
to crack the cassettes open from tlsedes and bottom. The stacking gel was
removed from the cassette and one of the bottom edges of the resolving gel
cut diagonally for identification. One gel was then stained with Coomassie
blue R250Rroteabio EuropelNimes, Frandgeand the duplicate gelvas stored

in the fridge (2C) for western blotting.

2.4 RNA Extraction

Total RNA was extracted from HaCaT keratinocytes grown in 10cm petri
dishes. The medium was removed from the dish and the cells were washed
with 2ml PBS for few seconds at RT. The P&Sremoved and 6Q0 lysis

solution (RLT Plus buffer) from the RNeasy Plus Mini Kit (Qiagen Ltd., Crawley,
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UK) was added to the petri dish and swirled around for about 1 minute to fully
feasS GKS OStftao ! Mmoo Yt A8 NAYy3ASto oA (K
extract cells from the dish and transfer them to a sterile 1ml tube. The cells
were then passed through syringe needld® times to further lyse the cells

and reduce the viscosity. Tubes were labelled with the extraction date and
placed in ay n x / zeuNtib éxtracted. It is important to point out that the
volume of RLT Plus required in the step above depends on the size of dish
used in the tissue culture. For example, a petri dish smaller than 6 cm will

need 35@l but more than 6 cm will need 7Q0buffer.

In order to extract total RNA from the stored samples, they were first thawed
on ice and then the tubes were placed in a bench centrifuge (Sigma Medel 1
13, Newport Pagnell, UK) at maximum speed (13,000 rpm) for 3 minutes at
RT. The homogenizedshte was then transferred to a gDNA Eliminator spin
column fitted with a 2ml collection tube (Qiagen, Crawley, UK). The spin
column was centrifuged at 11,000 rpm for 30 seconds at RT (Sigh3a 1
Newport Pagnell, UK). The column was discarded angl6if070% ethanol
was added to the eluate in the collection tube. The tube was mixed well by
pipetting up and down. This eluate of the lysate/alcohol mixture (up to a
maximum of 700 ul) was transferred to an RNeasy spin column fitted with a
new 2ml collection tbe (supplied in the kit) and centrifuged at 11,000 rpm for
15 seconds at RT (Sigmd3d). An aliquot (70@l) of RW1 buffer was added to

the RNeasy spin column and this was centrifuged at 11,000 rpm for 15
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seconds at RT. The eluate (flow through) was diksh and 50Q1 of RPE
buffer was added to the column. This was centrifuged at 11,000 rpm for 15
seconds at RT and the eluate was again discarded. Anothgt BORPE was
added to the column which was centrifuged at 11,000 rpm for 2 minutes at RT
and the duate discarded. Finally, the RNeasy spin column was placed in a new
1.5ml collection tube (from the mini kit) and @0of RNasdree water (from

the mini kit) was added directly to the spin column membrane. The column
and collection tube were centrifugeat 11,000 rpm for 1 minute at RT and the
total RNA in the labelled collection tubes were placed on dry ice before

storage in a- 80°C freezer.

2.5 Polymerase Chain Reaction (PCR)

Polymerase chain reaction (PCR) is one of the fundamental methods in
modernmolecular biology. The PCR technique was developed in 1983aryy
Mullis. He developed a method by which a desired gene or part of a gene can
be amplified from a mixed DNA sample by adding a pair of short
complimentary DNA oligonucleotides known as pnimeThey bind specific
regions of cDNA or gDNA and DNA polymerase can copy the region between
the primers. This enables researchers to produce millions of copies of a

specific DNA sequence in few hours.
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The major feature in PCR reactions is the tempeamtohange during the
reaction, which controls the annealing of the two DNA strands, the activity of
the DNA polymerase and the binding of primekowever, in the early
experiments, due to the use of high temperatures, the DNA polymerase had
to be renewedat every cycleThis is expensive and time consuming. However,
the discovery of a thermstable DNA polymerase (known as Taq polymerase)
in hot spring bacteria such a3hermus aquaticusrevolutionised the
technique, as a single aliquot of Taq polymeraseld¢tte used for the whole

process (up to 40 cycles).

PCR reactions have three major steps: denaturation of double stranded DNA,
annealing of the primers to each single strand of DNA and extension of the
sequence from the primer by Taq polymerase (cogmgle strand). These
three operations are done at three different temperatures and are repeated

for 30-40 cycles (outlined in detail below).

2.5.1 Reverse Transcription PCR (RTFPCR)

The process of RACR requires two steps: reverse transcription of pdly A
MRNA to produce total cDNA and specific PCR amplification of a specific cDNA
defined by the primers. This can be done separately or as a continuous
reaction in a single tube. A dilution of isolated RNA was initially measured on a

spectrophotometer (Pharmaa Gene Quant pro from Pharmacia GE
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Healthcare, Little Chalfont, UK) to determine the concentration. The RNA
concentration for each sample was equalised by adjusting the total volume to
Makt G6AGK AGSNRAES g1 GSNWP ¢KA&inMesE (i dzNB
(hot start) in a PCR machine (ABI Gene Amp PCR System 9700 from Perkin

Elmer, Norwalk, USA).

A master mixture of five reagents (Oligo dT, reverse transcriptase, dNTPs,
RNase inhibitors) was prepared in nuclease free (NF) waterTabke 2.5.
Immediately after the hot start reaction, 20 ul of the reagent master mixture
gla FTRRSR (G2 GKS Ywb! Ay SIFOK (dzoSo
allowing oligo dT to bind to the poly A tail of the mRNA templates. This
initiates copying of the mMRNA bgwerse transcriptase (RT) to make the first

single strand copy of DNA.

Table 2.5: RT2 COMPONENTHustrates
the second part of reverse transcription
reaction mixture component where each
sample of RNA (10pl) is mixed with @l of
mixture above post RT1. Note: all the
reagents are placed on ice at all times.

1l
0.2ul
Sul
1pl
6ul
6.8ul
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The RT enzyme also displaces and digests the mRNA templategsez2.5).
Second strand synthesis then occurs using the first strand as a template to
produce double stranded DNA. After one hour, the temperature was raised to
ppx/ G2 RS Oayn&dnd Sop ani irthev copythg. Finally, the

total cDNA concentration was quantified by spectrophotometer and then

storedatH nx/ F2NJ £ SN SELISNAYSy(iao

Oligo dT primer is
@TTTTT bound to

Reverse

transcriptase
@ TTTTT (RT) copies first

cDNA strand

AAAAA @ Revgrse
transcriptase
TTTTT

digests and
displaces mRNA
and copies
second strand of
cDNA

Double
strand
cDNA

Figure 2.5: Diagram lllustrating Oligo dT Primed Reverge
Transcription of Poly AMRNA.The oligo dT primer binds to each
poly A+ mRNA and reverse transcriptase (RT) makes a cDNA| copy
(First Strand) of each mRNA. The enzyme (RT) also digesty and
displaces the originamRNA and then copies the first strand to
produce a double strand of cDNA.

2.5.2 Standard PCR

Polymerase chain reaction (PCR) is a method of amplifying a defined section

of DNA to produce a specified gene, cDNA or exon in huge copy numbers.
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During the reaction, DNA polymerase activity and primer binding are
controlled by changes in temperature. A hesidble DNA polymerase is

required (e.g. Taq polymerase) that can function at much higher temperatures
OTHX/ 0 GKFY yY2NXI{ 0o0T xtarget2DNE dvef 8800 © t / w
cycles. The end point products can then be analysed by agarose gel
electrophoresis and observed after staining with ethidium bromide (DNA

intercalating agent that causes DNA to fluoresce under UV light).

PCR is a very sensitive taeaue so the risk of contamination while carrying
out these experiments is high. Therefore, care must be taken to avoid
contamination with other templates (RNA or DNA from the operator, from
dust particles in the laboratory or contaminants in the reagent$jus, when
preparing a PCR master mixture, certified reagents were used including high
guality nuclease free sterile water. The PCR master mix should be prepared in
a single tube by mixing together sufficient reagents for the number of DNA
templates to @ amplified in the experiment (seBable 2.§. An aliquot (19pul)

of the master mix was placed into each individual PCR tube and then 1l of
each different DNA template can be added. This makes all of the reactions
identical apart from the differing DNA tgrtate. However, if the target gene
differs in the experiment, individual master mixes containing the correct
primers must be made. All manipulations must be carried out on ice and
followed by gentle mixing (Vortex Genie 1 touch mixer from Scientific

Industies, New York, USA) and centrifugation (Sigii@1Newport Pagnell,
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UK). Each tube was then placed in the PCR machine (ABI Gene Amp PCR

System 9700 from Perkin Elmer, Norwalk, USA) and the appropriate pre

programmed conditions for each specific gene selédor the run.

varied to always make a total of 20.

Components Volume per

20pl

Reaction

Water, nuclease free 9.9ul
(Variable)
10X Hot Start PCR Buffer (Qiagen) 2ul
dNTPs (Qiagenli(nn >a 0 pl
Q solution (Qiagen) 4ul
Hot Start Taq DNA 0.1ul
Polymerase(Qiagen)
Ondp dzyAlGadkwun >f
1u
1
Template DNA 1pl
D e

Table 2.6: Typical PCR Reaction Mixtur@he level of template
DNA varies according to the concentration so the water added

S

PCR has three main stages in each cycle. The first stage is denaturation, a

LINEPOSaa ¢oKSNB (KS GSYLISNI GdzNB A a

NJ A & ¢

DNA into single strands. This taked Zninutes in the first cycle but only 1

minute in all subsequentycles. In the second stage (annealing), the

GSYLISNI (dzNB A & cNERIZERSRISYRAPAXRY

iKS

Text boxbelow). As the reaction cools, the primers bind to the specified gene

of interest. This binding can be weak or strong dependingtren primer
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sequence (particularly the GC content) and this affects the optimum
temperature. Annealing proceeds for 45 seconds and during this time some
DNA polymerase molecules may start copying a new DNA strand. Finally, the
extension stage requires a YeLJSNJ (G dzNB 2F TtHux/ X ((GKS
temperature for Taq polymerase and the enzyme synthesizes a copy of each
complementary strand (base for base) to generate two new single DNA

strands (sed able 2.7.

Guidelines for Primer Design

1 15-30 nucleotidedong

1 Rich in GE€ontent (40-60%)distributed
uniformly

Avoid placing more tha8D 2 NJ / | (
Pace302 y A SN GA GBS ydzOf
Avoid primer dimes (binding to themselves)

= =4 -4

Table2.7: Stages in PCReaction and TimingThree main stages:
denaturation, annealing and extension. Initial denaturation at 95°C
takes 24 minutes (one cycle) with subsequent denaturation only
taking 1 minute. Annealing at 58°C (depending on primers) takes
45 seconds and #n extension at 72°C for 1 minute. Repeat for 3%
cycles (standard PCR) and then allow a final extension at 72°C fot 10
minutes (one cycle).

95°C 2-4 minutes 1
95°C 1 minute 35
55-60°C 45 seconds

72°C 1 minute

72°C 10 minutes 1
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By the end of first cycle, there is one copy of each DNA strand. The PCR
machine then runs a further 35 cycles and at each new cycle more DNA copies
are produced. The number of cycles used in each PCR experiment depends on
the amount of DNA template at thstart and the efficiency of the reaction.
Generally, starting with less than 10 copies of original template DNA requires
approximately 40 cycles but as the amount of original template increases then

fewer cycles (285) are sufficient (seEigure 2.9.

Denaturation 95°C — =~ . — . — P

Extension 72°C  — !

Annealing58 °C —

20°C—

I
I
, |
I
I
I

4°C — L._.-
I

5 min 305ec| 455ec| 3min| A i

Figure 2.6;: Chart of Temperature Cycles during PQRitial
KSIGAYy3a FTNBY w¢ OHne/ 0 (2 |ppe/ Oty
polymerase (Hotstart). Typical values for the main stages in a
standard PCR are shown but actual values used can vary
depending on the template DNA and primers.

As mentioned above, PCR is extinique that amplifies a single (or a few

specific regions of DNA in multiplex reactions) to generate huge copy
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numbers. However, standard PCR has limitations in terms of quantitating
levels of gene expression. A graph of the PCR reaction can be dintded i
three regions (sed-igure 2.7. The exponential portion of a PCR reaction is
considered relatively low copy number and not ideal for measurements. Once
copy numbers are increased, the PCR reaction becomes linear with time
(cycles 1830). At this stagegopies produced are proportional to the starting

concentration. Later, PCR reaction then plateaus off and is agaHiear.

Plateau

DNA copies

Cycles

Figure2.7: Graph of Three Stages in Standard PTRe initial portion
of a PCR reaction (Exponential) is relatively flat due to low gopy
number and not accurate for measurements. Once there is| an
increase in copy humber become linear with time (cycle€@bthen
you can use this to quantitate as the copies produced lare
proportional to the starting concentration. Reaction then plateaus |off
and is again notlinear.

However, as the PCR reaction goes on, variability occurs and reagents are

consumed at different rates. This slows down the reaction and causes a
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plateauwith a speific endpoint.Eventually, given enough timé)e plateau
area endpoints reachedn all reactions independent of the starting template
concentration. Thus, this is good for generating material for further analysis
(cloning, sequencing, etc) but not good fquantitating the level of gene
expression in cell&n aliquot of the PCRadion products can be analysed by
agarose gel electrophores(f.7%- 1.5% gelsand visualisd under UVlight
after treatment with an intercalating agent such as ethidium bromide (1pl of
ethidium bromide for each 4ul of PCR sample). The rest of the saraple

then be used for further analysis (cloning, sequencing, etc).

2.5.3 Agarose Gel Electrophoresis

PCR products are analysed by gel electrophoresis (horizontal quick screen gel
electrophoresis unit from International Biotechnologics Inc., lowa, USA). An
aliquat of PCR product is combined with 5x Ficoll -AastateEDTA (FTAE)
buffer (SigmaAldrich, Gillingham, UK) at a ratio of 4:1 and run on a 1.5%
agarose gel (Sigmaldrich, Gillingham, UK) for large (3500 bp) products, a

1% agarose + 3% NuSieve (Lonkaydh, UK) gel for mediwsized (106800

bp) products or a 4% NuSieve (Lonza, Slough, UK) gel for smai0(%ip)

products Figure 2.3.

All gels contained 0.0004% ethidium bromide (Sigitdrich, Gillingham, UK)

and were run in Trig\cetateEDTA (1x T8 buffer (Sigmldrich, Gillingham,
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UK) at 90V and 50mA until the blue marker dye was in the centre of the gel
(takes 3045 minutes depending on several factors: gel density and ionic
O2yiSyid 2F ¢! 9 o0dzZFFSNLP ¢KS &ATeB YI NJ ¢

with Hae Ill (New England Biolabs (UK) Ltd., Hitchin, UK) mixed with 5x FTAE

buffer (4:1).
Verification of PCR product on a
1.5% Agarose gel

3kb —

2kb

1100 | — 1300

900 | ___ 600 508 bp

382 bp

= 300

— 120
72 —

PCR Fragments

Figure 2.8: Analysis of PCR Fragments by Agarose Gel
ElectrophoresisPCR products (4pl) were loaded on a 1.5% agarpse

gel containing ethidium bromide (1pl) and visualised under UV light.

Lane 1: PCR fragment from genomic DNA (C19, 1:10) was 50B bp.

Lanes Z7: RTPCR fragments of DLL1 (p1, p2R) were 382 bp (PCH| over

intron so that gDNA product larger). Samples from HaCaT cells grown

in low calcium (D1, D4 and D14) or high calcium (D4+3, D4+6]and
5nbmMno® DSt OFf AONIGSR gAGK | |adlyRINR
mixture of DNA fragments of known size.
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2.5.4 Quantitative Real Tim e PCR (QPCR)

Quantitative polymerase reaction (qPCR) measures PCR amplification in real
time as it occurs. In other words, the data is collected during the PCR reaction
as DNA copies are being produced. The technique is very sensitive and can
detect a 2 ftd change in original template level. However, the products must
be kept small, so it is important to have a product size between 80 and 120

base pairs and not more than 150 base pairs.

Real time PCR is monitored by a laser and fluorescence detectobafting

a fluorescent marker such as SYBR green (2x Brilliant 1l SYBR Green QPCR
Master Mix from Agilent Technologies Inc, Edinburgh, UK) to the DNA. This
marker emits fluorescence when bound to doulsktanded DNA. The
intensity of fluorescence increases more copies are created as SYBR green

has more double stranded DNA to bind. However, SYBR green dye does not
bind to a specific gene product but will bind to any double stranded DNA
including any primer dimers or secondary PCR products. Thus, it allows

detection of DNA being amplified in real time.

SYBR green is considered one of the main fluorescent markers used to
perform real time PCR analysis. It is a 13pecific double stranded DNA
binding dye so it is important that primer and DNA template Isvate

thoroughly optimized and that a single well defined product is produced.
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During denaturation, the DNA template within the sample is melted into two
single strands. SYBR green dye molecules do not bind to-singieled DNA

so they only fluoresce wddy and produce minimal background
fluorescence. Once annealing begins, a few dye molecules start binding to
double stranded DNA. Eventually, as more double stranded DNA is
produced, the Syber green fluorescence signal increases proportionately.
During exénsion the SYBR green dye binds to all the newly formed double
stranded DNA and so levels of fluorescence increase further as cycling
continues. SYBR green fluorescence is measured at the end of each cycle and
the intensity of the fluorescence above baokgnd level estimated. The
point at which fluorescence increaseabove background is called the
threshold cycle (known as Ct) and this point can be used to quantitate the
starting amount of doublestranded DNA. Later, on completion of the
extension phase, ore dye binding to the newly synthesized DNA occurs and

greater signals are apparent (sEgure 2.9.
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Figure2.9: Binding of SYBR Green to DNA in Real Time B@Ratured single
stranded DNA doesot bind SYBR green dye wéllring annealing, SYBR gre¢n

binds to the DNAligo complex and shows some fluorescence. As extengion
begins from the primers more doubkiranded DNA is formed and more SYBR
green binds and fluoresces as cycling continues.

14

A SYBR green master mix (Stratagene, Agilent Technologies, Edinburgh, UK)
was used in each gPCR experiment and reagents were added in a specific

order (seeTable 2.8or details).

In addition, if there was more than one primer set required in an experiment,
then a separate master mix was made up for each primer pair. Then, 21pl of

master mix was added to a sufficient number of wells on av@B plate
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(Qiagen Ltd., Crawley, UK) the experiment. However, the first well should

contain 25pl sterile water as a negative control.

Table2.8: Reaction Mixture for gPCR Experiment (@btotal).

Component Volume for
25 pl Mix

Water (nuclease free) 6.5l

SYBR green master mix 12.5 pl
Primer Forward (200n400NnM) 1
Primer Reverse (200nM00NM) 1l

DNA Template (low and high Ca HaCaT cells) JZRtR=ER)]

A no template control (NTC), to determine if any primer dimers or secondary
PCR products are produced, for each primer pair was also included and this
contained 21pl of master mix plus 4ul of sterile water (instead of DNA
template). The master mix was adiiéo the other wells and 4pl of each DNA
template was added to the sample wells but not to the water or NTC control
wells. Later, the 96vell plate was placed in a centrifuge (Mistral 3000 from

MSE (UK) Ltd., London, UK) and spun at 1,000 rpm for 5 meiLiRes

101



The Mx3000P real time PCR machine was allowed to warm up for 20 minutes
before use to attain the correct starting temperature. The correct settings
must be selected on the menu at start up. Initially, a SYBR green assay was
selected and then edcwell for the experiment was assigned the correct well
label (e.g. water control, no template control or sample well). SYBR green dye

was chosen as the fluorescence type.

To minimize error, each sample was run in triplicate and these were grouped
together in the software. The thermal profile was then set up before initiating
the run. The annealing temperature was selected depending on the primers
used and the size of target gene product (generally <150 bp). The SYBR green
assay contained 3 segments: anitial hot start, standard cycle, and finally a
dissociation cycle e (sélable 2.9. A dissociation curve is obtained by heating
the products to 95°C for 1 minute, cooling to 55°C and then increasing the
temperature incrementally by 1°C back up to 95°€ thfe temperature rises

the doublestranded DNA melts into single stranded DNA causing the SYBR
Green to dissociate and decrease the fluorescence. The change in
fluorescence is plotted against temperature and the resulting graph can be
used to determine ifany primer dimers or secondary PCR products are

present as each product will have its own melting point.
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Finally, all the experimental data was saved on the attached PC (hard drive).
Run times are typically two and half hours and results can be viened

analysed on any PC using MXPro software.

Table 2.9: Typical Segment Settings for Real Time PCR.
Initial denaturing occurs at high temperature for 1 cycle and
then the standard cycle of denaturing, annealing and
extensionruns for 40 cycles. The final cycle is used to
generate a dissociation curve.

95°C 10 minutes 1% cycle
95°C 30 seconds 40 cycles
60°C One minute

72°C 30 seconds

95°C Oneminute  One cycle
55°C 30 seconds

95°C 30 seconds

Reatime gPCR is more sensitive, accurate and quantitative than standard
PCR. All samples run to the same end point in standard PCR (plateau
generated as materials become exhausted) and differences between initial
DNA concentrations cannot be detected. Hawer, with gPCR, product levels

are measured continuously in the exponential and linear phases giving data
that is proportional to the DNA concentration at the start. The graph below
shows an example in terms of four samples representing a serial dilution
which gave very different levels of product in the early stages but eventually
all attain the same plateau end point as in a standard PCR. Thus, qPCR
detected the purple sample first at 20 cycles in the exponential phase while

the green sample (with lesstarting DNA) was not detected until 25 cycles
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were reached. Similarly, the pink sample was not detected until 30 cycles
were completed and the blue sample required 35 cycles. This data can then
be used to construct a standard curve of DNA starting comaéah versus

the initial point of detection or threshold, called the Ct value (Begure 2.10.

Standard curves should include at least five points using a serial dilution of
pure DNA or cloned plasmid DNA. Each point should be run in triplicate. The
MXPro software can then produce a graph of the log of each known
concentration against the Ct to produce a standard curve determining the
efficiency, linearity and sensitivity of gPCR assay. Using the standard curve the
DNA concentration (or copy number)unknown samples run under the same
conditions can be calculated from their Ct values and this can produce data on

the level of gene expression in cells and tissues.
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Figure2.10: Graph of DNA CopMumber versus Cycle Number (qPCR)
Purple increase above background at 20 cycles, green at 25 cycles, pink
at 30 cycles and blue at 35 cycles. Eventually, all four samples reach a
plateau where no further DNA copies are produced. gPCR can shpw
precisely wien each DNA sample was detected and this is proportional
to the starting DNA concentration.

2.6 Cloning and Plasmid Extraction

Cloning is a way of producing large quantities of a single gene product and this
can be achieved using genomic DNA or cldpending on the subsequent
experimental requirements. Generally, a purified PCR product is used and this
is inserted into carrier DNA, called a vector. For amplification in a bacterial
host a number of bacterial plasmids have been constructed and we Usect
pGEMT Easy (Promega, Southampton, UK) as the vector system in our
experiments. The host bacterial cells used were a competent strain agliE.

(Stratagene Top10 cells from Agilent Technologies UK Ltd, Stockport, UK).
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The human cDNA or gDNA (insent)st be ligated into a vector and the whole
plasmid inserted into host bacterial cells. The plasmid is then replicated as the
bacteria divide, and thousands of identical copies are produced. Generally,
vectors smaller than 10 kb in size are cloned in &aak plasmids while larger
vectors that contain inserts up to 20 Kb in size, require different host systems
such as bacteriophages or mammalian viruses. Bacterial plasmids consist of a
circular molecule of DNA with a transcription initiation site, knowrmer
binding sites and a multiple cloning site. They are able to multiply

independently inside the host bacterial cells ($8gure 2.1).

Cleaned PCR product
Vector (Gene to be cloned)

DNA Ligase

P Insert (Gene)

A

Recombinant DNA Molecule

Figure2.11: Shematic of Cloning a PCR Fragment into pGEMasy.The
PCR fragment is ligated into the vector at specific restriction enzyme|sites
(e.g. EcoRl) and then inserted intccBli by bacterial transformation.

106



The pGEM Easy vector carries an ampicillin resistance gene and a lac Z gene
required for clone selection. It is 3,015 bp in size and has binding sites for SP6
and T7 promoter primers on either side of a multiple cloning site (a string of
restriction enzyne sites). Both the vector and the insert of interest must have
the same restriction endonuclease sites at the ends in order to be successfully
ligated into the cut plasmid. Also, it is an advantage to use different enzyme
sites at each end and then theientation of cloning can be controlled rather

than being random.

Furthermore, the insert and vector must not contain an internal restriction
enzyme site the same as that used for cloning. In other words, the vector
must be cleaved at a single positiontie circular DNA molecule. An example

is shown below (seBigure 2.12 where a restriction enzyme called EcoR1 has
been used for cloning. This enzyme produces sticky ends on the vector and

insert which promote ligation.

Once the insert has been ligatedto the bacterial vector then the plasmid
must be inserted into Top 10 cells, a process known as transformation. Lauria
broth (LB) plates containing ampicillin were prepared in advaAgaremix of

LB already containing agar (LB Agar Powder from Invitrogaisley, UK) was

used(10g Peptone 140, 5g Yeast extract, 5g Sodium Chloride and 12g Agar)
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LB Agar mix (3.2 g) was mixed into 100 ml ofQlldnd autoclaved for two

hours at 120°C.

The medium was then cooled down to about 50°C prior to adding 200ul of
ampicillin (50mg/ml stock diluted 1:500 giving final concentration of 100ug).
The medium was then poured into 10 cm petishes making sure that the
bottom of the dish was completely covereddhthe lids were placed at an
angle leaving an air gap so condensation does not form. The plates were

allowed to set and then were storedtgdeR2 6y | G ne/ dzy GAf
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Figure 2.12: Diagramto lllustrate DNA Cleavage by EcoRIhe
palindromic recognition site in both the vector and insert are cut
gAGK GKS Syl evyS o6902wL0 gKADK Ot SI @S
overhang (sticky end). This facilitates ligation of the insert into the
vector.



For bluewhite colony selection, indicator plates must be made by adding 4uL
IPTG @opropykhiogalactoside) (0.1mM) and 40uL-Géal (5bromo4

OKf 2 NDb-b gaRr@opyfranoside) (3p0/ml) to the LB Amp plates. This was
spread over the agar surface and the plates were then placed in a 37°C
incubator (WeissGallenkamp, Leicestershire, Uldy 15 minutes. The plates

were then stored in the fridge until used to grow the cloned bacteria.

The PCR products were cleaned by precipitation vadiyethylene glycol
(PEG). Initially, PEG solution (26% PEG 8000, 6.6mM, M@™ NaOAc, pH
5.2) was mied by inversion and then 20ul was added to remaining PCR
product (16 pl) and the DNA allowed to precipitate at RT for 10 minutes. The
tubes were centrifuged at 13,000 rpm for 25 minutes at RT (Heraeus Biofuge
13 from Fisher Scientific Loughborough, UK)rirdy which time
oligonucleotide dilutions were made (7ul of stock primer at 10pmol/ul plus

13ul of dHO giving 3.5 pmol/ul final).

The supernatant was carefully pipetted off and 200ul of ice cold 70% ethanol
was added. The tubes were mixed by carefuemion and then centrifuged at
11,000 rpm for two minutes at 4°C (MicrofugerBm Beckman Coulter Inc.,
High Wycombe, UK). The ethanol wash was repeated, the supernatant
pipetted off and the sample left to dry on the bench (invert on clean tissue).
Later,the dried sample was rsuspended in 16yl nuclease free water (store
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ligase (Invitrogen, Paisley, UK), 2x rapid ligation buffer (Invitrogen, Paisley,

UK), pGEM easy vector and nu@se free water (se@able 2.10.

Table2.10: Ligation Reaction Componen€omposition of a standard
ligation reaction using cleaned PCR products and pGEM vector.

Reaction Component Standard Reaction Volumes

5 pl
1pl

PCR product 3ul
1yl
104

The reaction components were gently mixed and incubated overnight at 4°C.
The ligation mix can then be used immediately or stored2@fC for future

use. Onevial of Top 10 cells was thawed on ice and divided into two (1.5 ml)
tubes (25ul in each tube). An aliquot (5ul) of the ligation mix was added to the
cells, gently mixed and incubated for 30 minutes on ice. The cells were then
given heat shock treatment byeating in a 42°C water bath (Grant
Instruments Ltd, Cambridge, UK) for 30 seconds and then returned to ice for 2
minutes. An aliquot (250ul) of SOC medium (2% (Wryptone (pancreatic
digest of casein), 0.5% (w/ifpast extract, 8.6mMlaCl, 2.5mM
KCI,20mM MgSQ and 20mM Glucose from Sigafddrich, Gillingham, UK)
wasbrought up to RTand then added to the cellsSamples are mixed gently

and then placed in an orbital incubator for one hour at 37°C (set shaking at
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230 rpm). After incubation, the whole irture was added to an

LB/Amp/IPTG/>Gal plate and spread over the agar surface using sterile
spreader. The plates were then incubated at 37°C overnight after which blue
and white colonies should appear (blue colonies contain empty vector while
white colones contain vector plus insert). Bacteria that have no vector cannot

grow because of the ampicillin (vector contains an ampicillin resistance gene).

After overnight incubation, a colony selector was used to pick a single white
colony from each plate whic was placed into 3 ml LB medium plus 6 ul
ampicillin (50 mg/ml) in a sterile 15 ml plastic tube. The tubes were incubated
at 37°C overnight (shaking set at 230 rpm). The following day, 500 ul of each
culture was added to a labelled cryovial containingl%f 80% glycerol and
stored at-85°C (stock culture). The rest was transferred into 1.5ml tubes and
centrifuged at 13,000 rpm for 5 minutes (Sigmd3). The supernatant was
removed (dispose as biological waste) and the pellets (containing the
bacteria) were extracted using a Qiaprep Spin Miniprep kit protocol for

plasmid DNA purificationIAprep®Miniprep Handbook, Qiagen Ltd., Crawley,

UK.

All plasmid DNA purification was done at room temperature as stated in the
manufacturers guide (QlAprep®Miniprdfpandbook, Qiagen Ltd., Crawley,
UK). Initially, the pellets were 1®uspended in 25@ P1 buffer using vortex
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(Vortex Genie 1 from Scientific Industries, New York, USA) and transferred
into a microcentrifuge tube supplied in the kit. An aliquot (2B00f P2 buffer

was added and mixed thoroughly by inverting the tube 4 to 6 times. Then,
350ul of N3 buffer was added and mixed immediately by tube inversion. This
was followed by centrifugation at 13,000 rpm for 10 minutes at RT (Sigma 1
13 Centrifuge). Theupernatants were added to a QIlAprep spin column
(supplied in the kit) by pipette and this was centrifuged at 13,000 rpm for 60
seconds at RT. The flarough (eluate) was discarded and the spin column
was washed by adding 0.5ml PB buffer and centrifuged3000 rpm for
60seconds at RT. Again, the spin column flowugh was discarded and
further washed with 0.75ml PE Buffer and centrifuged at 13,000 rpm for 60
seconds at RT. An additional centrifuge step for 1 minute at the same speed
was recommended &r discarding the flow through to remove any residual
wash buffer. The QIAprep spin column was then placed in a clean 1.5ml
microcentrifuge tube (supplied in the kit) and83@f EB Buffer was added to
the centre of each spin column, allowed to stand f@r minute and then

centrifuged at 13,000 rpm for 1 minute at RT.

Once plasmids were extracted, inserts were checked by digesting with EcoR1,
the insert enzyme (New England Biolabs (UK) Ltd., Hitchin, UK) and analysing

the fragments on an agarose gel (ftetails of digest se&able 2.1).
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Table 2.11: Reagent List for Restriction
Enzyme Digest of Cloned PlasmidsPlasmid
was treated with EcoRI to cleave the insert
DNA from the pGEM vector.

3l
1
2l
14l
20l

All digests were incubated in a 37°C water bath (Grant Instruments Ltd.,
Shepreth, UK) for 1 hour. Later, the samples were moved to a 70°C water bath
(Grant Instruments Ltd., Shepreth, UK) for another 20 minutes to denature
the enzyme and stop digestionhd& digests were then loaded on a 1.5%
agarose gel with a low molecular weight marker to verify the presence of
inserts. As EcoRI was used to cut the original plasmid for ligation of the insert,
the digest should then release the insert from the vector.chkEne on the
agarose should have two bands, the top band is the vector and the bottom
band theoretically represents the released insert (§égure 2.13. To ensure

that inserts were the gene of interest, all inserts were sequenced. It is
important to pant out that pGEMT vector has a multiple cloning site (see

Figure 2.14 and all inserts were sequenced using the SP6 promoter primer.

113



M Plasl Plas2 Plas3 Plas4 Plas5 Plas6é

Vector

Figure 2.13: Analysis of Housekeeping GenbARP)Insert by
Agarose Gel (1.5%) Electrophoresighe larger bands represemt
pPGEMT Easy vector while the smaller bands at the bottom of the
gel represent the released inserts. Plasmie8 all contained thg
correct insert and this was confirmed by sequenciih= low
molecular weight marker).

This was followed by preparing serial dilutions of each insert with the correct
sequence. For example, plasmid 3 containing a Notch 1 insert (N1plas3) was
selected for preparing serial dilutions. The concentration ofgstexk plasmid

DNA was determined by spectrophotometric analysis (580 ng/ul or-b.8e
g/ul). Initially, this stock was diluted serially (3 x 1in 100) down to a more
manageable 1 in ngiving a concentration of 5.8€3 g/ul. In order to
calculate the dilution required to produce 300,000 copies in 5 pl, a series of

calculations were performed.
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Figure 2.14: Structure of pGEMI Vector.A: pGEMT Vector Map BMultiple
Cloning Sit&equence.

Initially, the mass of a single plasmid molecule (vector plus insert) was

calculatedfrom the following equation

m (mass) = n (vector + insert bp) x 1.026¢g

n = Total bp (0GEM easy + probe insert size)
= 3,015 bp + 142 bp
= 3,257 bp

Thus,

m= 3,157 x 1.096€1 g

=3.46el18 g

The calculated mass of a single molecof N1plas3 (3.4648 g) was then

used to determine the mass equivalent of the numioé desired copies (from

115



300,000 to 30), a product of the mass of a single molecule and the copy

number required (se@able 2.12.

Table2.12: Mass ofNotch 1 Plasmid3 equivalent to Specific Copy
Number
Copy # Mass of N1 Plasmid (g)
300,000 1.038el2
30,000 1.038e13
3000 X 3.46el8g 1.038e14
300 1.038e15
30 1.038el6

As the plasmid is dispensed in a 5ul volume per PCR reaction then the
concentration of the solution required (g/ul) was calculated by dividing the

mass equivalent of plasmid by 5 (SEable 2.13.

Table2.13: Concentration ofNotch 1Plasmid 3 DNA required to achieve Copy {#
Stated.

Final Concentration of
N1 Plasmid DNA (g/ul)

Copy # Mass of N1
Plasmid DNA (Q)

300,000 1.038e12 2.076e13
30,000 1.038e13 Divide by 5 2.076el14
3000 1.038e14 2.076el15
300 1.038e15 2.076el6
30 1.038e16 2.076el7

As the plasmid concentration equivalent to a fixed number of vector copies
has been calculated and the stock plasmid concentration known, the required
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dilution to make 500 pl of standard containing 300,000pies can be

calculated as follows:

Where G = Initial concentration of stock used (g/ul)

- V.= Volume of stock plasmid DNA needed (pl)
GVi= GV G = Final concentration of plasmid required (g/ul)

V,= FinalVolume of plasmid DNA solution (ul)

Vi= Gx W = 2.076e13x 500= 179l stock N1plas3
G 5.8e-13

Volume of Diluent= 500u1179ul =321 pl Sterile Water

This example showed how to preparestandard solution containing 300,000
copies of the N1plas3 vector and insert. All manipulations were done under
sterile conditions and making sure that pipetting was precise. All the plasmids
obtained from cloning including the ones used for making sdifations were

stored at-20°C.

A full range of serial dilutions for the N1plas3 cloned insert are shown below.
Initially, the stock was diluted from 5.8 g/pl down to a more manageable
5.8e-13 g/ul by three serial dilutions of 1:100 (total 1 in®L0he calculated
dilution (described above) was then used to derive a standard working
solution containing 300,000 copies of the plasmid and all other working

solutions made from this by serial 1:10 dilutioigble 2.14.
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Table 2.14: Dilution Series for N1plas3 Stock. Sterile nuclease free water was
used as the diluent and dilutions-8 were used for qPCR.

Source of Initial Volume of Volume Final Vol.  Final conc. Copy #

plasmid Conc. Plasmid of Diluent (T0)] (g/ul)

DNA for (g/ul) DNA (ul) (uh

dilution

G Vi Ve G

1 Stock 5.8e7 10ul 990ul 1000pl 5.8e9 N/A
2 Dilutionl 5.8e9 1oul 990yl 1000yl 5.8e1l N/A
8 Dilution2 5.8e11 10ul 990ul 1000pl 5.8e13 N/A
4 Dilution3 5.8e-13 179 321 500pl 2.076e13 300,000
5 Dilution4 2.076e13 1oul ooul 100pl 2.076e14 30,000
6 Dilution5 2.076el4 1oul ooul 100pl 2.076e15 3000
7 Dilution6 2.076e15 10ul ooul 100pl 2.076e16 300
8 Dilution7 2.076e16 1opl ooul 100pl 2.076el7 30

2.7 Sequencing

Automated sequencing used Big Dye v3.1 chemistry followed by
analysis on an ABI310 DNskalyzer (Cardiff University, School of

Medicine, Central Biotechnology Services).

To confirm that the inserts were correct, the isolated plasmids were
sequenced usip an SP6 primer in one direction and a T7 primer in the
opposite direction. A 4pl aliquot of the plasmid mix, 1ul primei}, 2ul Big
Dye v3.1, 2ul of 5x Big Dye buffer and 1ul of steril@ Were mixed together
and placed in the PCR machine (ABI 9G@ebe Amp PCR system from Perkin
Elmer Norwalk, USA). The Big Dye prograni@decycles at 96C for 10 sec,
50°C for 510 sec, 6€C for 4 min, then ramp down to°’@ and hold) was used

(two and a half hour run). The tubes were removed from PCR machingf1 pl
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3M NaOAc added followed by 25ul ice cold 95% ethanol. Mix and then leave

on dry ice for 10 minutes. The tubes were then centrifuged at 13,000 rpm for

on YAydziSa a4 ne/ 6aAONRFTddZAS wx .SO1Y
and then carefully decant theupernatant. Add 180ul of ice cold 70% ethanol

and mix by inversion. The tubes were then centrifuged at 11,000 rpm for 2
YAYydziSa 4G ne/ YR GKS adzLSNylL Glryda ¢
disturbing the pellet. Another 180ul iemld 70% ethanol wasdded the

Gdzo6 Sa OSYGNARTdzZASR | 3AFAY 4 mmZannn F2N
removed by pipette and 10ul ice cold 70% ethanol was added. All samples

were then taken to CBS (Central Biotech Services) for sequence analysis on an

ABI 310 DNA Sequendgife Technologies Ltd., Paisley, UK).This was repeated

for several other inserts required for this research project as shown below

(SeeTable 2.15.

Finally, standard dilutions of each plasmid covering the range from 300,000
copies to 30 copies were pgrared and 20 ul aliquots of each dilution were

stored at-20°C (freezer) for use in real time PCR experiments.
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HES1 (p1, p2R)
HESS (p1, p2R)
HES7 (p1, p2R)
HEY1 (p3, p4R)
HEY2 (p3, p4R)

HEYL (p1, p2R)

Good

Good

Good

Good

Good

Good

Good

Good

Good

No Band

Weak

Weak

Weak

Done Correct
Done Correct
Done Correct
Done Correct
Done Correct
Done Correct
Done Correct
Done Correct
Done Correct
Failed Not Done
Failed No Good
Failed No Good
Failed No Good

Table 2.15: Different Primers used for Cloning by Inserting a DN
Fragment into a Bacterial Cell Plasn{idector).

CLONINd SEQUENC No. PLASMID
3

3

3

3

Not Done

Not Done

Not Done

Not Done

A number of commercial and necommercial software packages to analyse
sequencing were available. Some had advantages in which they could trim
low-quality DNA traces automatically. For that reason, resulting sequence
chromatograms of the genes were firstsglayed using Finch TV (Free

Download: Software Version 1.4.Geospiza Inc., Washington, USAhis
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application was used to easily view, define and edit sequences

chromatograms.

The sequencing data was returned as two files per sample (an
electophoretagram and a linear sequence as text). Finch TV software can
display the sequence electophoretagram either as a single panel (requires
continuous scrolling) or in a multiple panel vievhere the chromatogram is

wrapped round (se&igures 2.15 and 2.6
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Figure 2.15. Standard View of a Sequence Chromatogram (displayed ag a
continuous strip).
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Figure 2.16: Multi-Panel View of Sequence Chromatogram (sequence wragdped
around).

The sequencingdata was viewed as a group of fluorescent peaks
(chromatogram) representing the four DNA basefAdenine, Thymine,
Guanine, andCytosine) in four different colours (Green = A, Blue = C, Black = G
and Red = Tthe single letter base code is given above the trace and all bases
are numbered from the start.For better visalization of peaks, the
chromatogram can be scaled vertically and horizontally. At each point there is
only a single clean peak with no overlap of the other bases (low noise
baseline) meaning the sequencing chemistry is very cleanHigere 2.17.
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CTGTGTGAAATTGTTATCCGC TCACAAT T CCACACAACATACGAGCCGGAAGCATAN
110 120 130 140 150 160

L
FHgure2.17: Sequencing Chromatogram of Data fronTgpicalSample.

In addition, the peaks should be spaced evenly. Sometimes artefacts and
errors are present on a chromatogram. For instance, misplaced peaks where a
real gap is misinterpreted as a real nucleotide. Also, if the error rate becomes
higher, the data is consided not reliable and the sequence should be
repeated using different primers if necessary. Chromatograms atam be

displayed as #&ext sequenceigure 2.13.

Forward Primer Notch3( p1)
GACCCCAGCTGCTCAACCCAGGGACCCCCRTCTCCCCGCAGGAGCGGCCCCCGCCTTACCTGRCARTCCC
AGGACATGGCGAGGAGTACCCAGCAGCTAEGGCACACAGCAGCCCCCCARAGGCCCGLTTCCTGLGEE
TTCCCAGTGAGCACCCTTACCTGACCCCATCCCCCGAATCCCCTGAGCACTGGCCAGCCCCTCACCTCCCT

Reverse primer Notch3 (pdR)

Figure2.18: Sequence of NotcB Insert The insert is 102 bp and flanked
by a forward primer (N3pl shown in red) and a reverse primer (N3p4R
shown in blue).
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The text sequences can then be further analysed by other software packages
such as Geneious version 4.8Rglre 2.19) They can alstbe matched
against a reference database from National Center for Biotechnology
Information using the Blast feature available at the following web address

(http://www.ncbi.nlm.nih.gov/nuccorg.

1 10 20 3 0 50 %0 70 80
AT TAGGATGAGGAGGACGAGGATCTGGGCCGCGETGAGGAGGACTCCCTGGAGGCGGAGAAGT TCCTCTCACACAAATTCACCAAAGA
s |

! ¢ 1 » » * “ o 79
EcoRV )

= -
G—SG-G!GG!GGHGIGG_GGG-GIGGIGM W_W!GGIGG!GBGMG!

o

GAT TAGGATGAGGAGGACGAGGATC TGGGCCGCGGTGAGGAGGACTCCCTGGAGGCGGAGAAGT TCCTCTCACACAAATTCACCAAAGA

K 110 130 180 70 o
TCCTGGC CGC'1'CGCCGGGGAéGCCGGCCCACTGGGCCTCAéGCCCCAMGTGGACAACCG(:GCGGTCAGGAG-TCAATGAGGCAAT¢
">

e 0 108 1ne 126 138 14 I?d IZ7
EcoR\.: (178)

= ,u..‘
-GG-G-G-GGGGIGG-;GnGG_GGmlGGnGIGl;G-GGIG_GIGG_

TCCTGGCCGETCECCEEGEAGECCEECCCACTGGECCTCAGGCCCCARAG TGGACAACCGCGCGGT CAGGAGEAT CAATGAGGCAATC

SATTAGGATGAGGAGGACGAGGAT!

CGGTCAGGAGCATCAATGAGGCA
Al

Figure2.19: Sequencing Chromatogram of pGEMvectorand JAG2 insertThe
JAG?2 insert size is 168lgghown in green) and liewithin the pGEMT vector
(3015bp). Tre insertwas flanked byhe forward primer (JAG2p14 shown in red
and the reverse primer (JAG2p11R shown in blue).amd@ AA (show in black)
represent thepartial EcoRites in pGEMI wherethe JAGZ2robewas inserted.
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In summary, a wide variety of methodologies were includethia chapter.

This range of research tools may be considered descriptive in a way. In
addition, it includes statistics of data collected throughout the experiments. In
other words, it covers different aspects of research topic by using different
methods b see if it will be similar or not. For instance, testing the expression
of gene of interest by optimizing it and processing through PCR and gPCR is
considered informative. The following chapters will demonstrate results in
two parts (3, 4). It will also udline the main component of each Notch
receptors, ligands and target genes expression in cultured models. This will be
followed up by discussion which will compare findings in the research and

whether it agrees or disagree with other research work dondiea
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CHAPTER 3 Expression of
Keratin Genes (KRT14 and
KRT10) in HaCaT Cell
Culture Model
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3.1 Introduction

Examining notch signalling in human skim \ivg was proving to be difficult

so a model system was required where the signalling process and its response
to the differentiation status of the cell could be assessed. The HaCaT tissue
culture model was chosen because this was already established in the
laboratory and terminal differentiation could be induced using a calcium shift
technique. Thus, a number of experiments were set up to examine cells
growing over a 4 day period, altering the calcium levels to induce terminal
differentiation and allowing frcther growth for another 610 days. Sufficient
numbers of HaCaT cells were then produced so that total RNA and total
protein could be extracted for analysis of both the state of proliferation and
differentiation as well as investigating the level of nogignalling. In order to
assess gene expression levels, both standard and real time PCR were done
using various primer combinations (sdable 3.1below). Where possible,
primers pairs were designed over intron boundaries so that the genomic PCR
product (anplicon) was approximately 500 bp larger than the cDNA amplicon,

providing an internal control for genomic contamination.

A set of HaCaT cells that had been cultured for different lengths of time in low
calcium medium and then shifted to high calcium medifsee Methods
Chapter for details) were prepared. Total RNA was extracted from the cultures
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at each time point and stored ay pe/ ® ! avyl tit F € Aljdz2 G
standard PCR with genomic DNA (gDNA) primers (intron primers do not bind
to RNA or cDNAY detect gDNA contamination. If no bands were detected on

the agarose gel, this would suggest that the total RNA preparation from the
HaCaT cells was not contaminated with gDNA. This screen was also repeated
after reverse transcription of HaCaT total RiAtotal cDNA, and if gDNA
products were found in anything other than trace amounts, the cDNA was
discarded. It is important to point out that approximately 21 days were
required to collect a complete set of HaCaT cell cultures at all time points,

assumimg the cultures grew as expected.

Table3.1: Table of Primers for Standard PCR and qPCR with cDNA.
Gene Primers for Primers for Q
Standard PCR RTPCR
Human Keratin 14 p55, p56R p55, p57R
(KRT14) (Product = 266bp) (Product= 112bp)
Human Keratin 10 p20, p23R p22, p24R
(KRT10) (Product =136 bp)  (Product = 111 bp)

Once total RNA had been extracted from the HaCaT cells harvested at

different times, cDNA was generated by reverse transcription and a standard
PCR carried out for each gene of interest (KRT14, KRT10, Notch receptors,
ligands and target genes). The PCRdpats were analysed on 1.5% agarose
gels and the resulting product sizes compared with the anticipated theoretical
size. PCRs were carried out according to a rigorous protocol to minimize errors

such as contamination by other DNA, primer dimers and praxlatincorrect
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size. ldeally, the PCR products should show strong bands on a gel. As only an
aliquot of the whole PCR reaction is tested, the remainder can then be

sequenced to verify the precise identity of the product.

Standard PCR reactions are limiiaderms of the estimation of specific gene
expression levels and it can be difficult to distinguish between PCR samples
containing 10 copies or 50 copies on a gel. Thus, when there are small
differences in expression level, this is best estimated by tizdive real time

PCR (qPCR).

In order to get an absolute level of quantitation in a dynamic cell system,
levels of gene expression must be related to a housekeeping gene that is
stable through the cellular changes of a typical experiment. This is an
important control in gPCR experimisn However, levels of the housekeeping
3Sy S$a S Edactn YF8HR TBPiand RPLA13) were not stable as HaCaT
cells altered from proliferation to differentiation. Thus, none of these
molecules were considered as a stable housekeeping gene in the HaCaT ce

culture model.

Primers designed for real time PCR should generate a product size- of 80

120bp and not be more than 150bp. Therefore, set of primers were
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specifically designed for gPCR although some of the primers designed for
standard PCR could be uséd&cause where the size of the product was
suitable (seeTable 3.). This was followed by estimating the level of gene
expression from the gPCR data. This was calculated using a standard curve

measuring the efficiency of the gPCR reaction and CT value.

To establish the expression level tife geneof interest the gPCR data was
analyzed using the standard curve of efficiency and CT value and each gene

was tested in triplicate using same set of HaCaT cells to minimize variation.

3.2 Morphology of HaCaT Cells during Calcium -
Induced Terminal Differentiation

HaCaT cell culture was found to be the béstvitro model of human
keratinocyte function. In fact, it represents a reliable and convenient model
for keratinocyte proliferation and differentiatio(Deyrieuxand Wilson, 2007)

At the same time, manipulation of HaCaT cell conditions by adjusting calcium
levels (shift from low to high &3 demonstrates many of the actual
morphological changes taking place in primary human keratinocytes and

provides a reasonable representation of timevivosituation.
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HaCaT cells were initially grown in DMEM containing 10% foetal calf serum
(FCS). The Iie were then transferred to keratinocyte growth medium (KGM)
containing low levels of €50.06 mM). During this stage, these cells appear
as individual small clusters of spindle shaped cells which round up as they
divide. They tend to stay apart from ermnother and coat the base of the dish

in a monolayer. There are few if any flat cornified cells and few if any cells that
are K10 positive. Thus, they generally represent a homogenous group of
loosely associated rapidly dividing basal cells. HaCaT cefiSnue to
proliferate and remain as monolayer during early expansion of cells numbers
(Boukamp et a) 1988) In contrast, HaCaT cells in higtf‘Gaedium showed
extensive organisation and a typical stratified epithelium resulted with
coherent sheets oforneocytes on the surface. In addition, the cells formed a
prominent densely packed polygonal structure with proliferating cells in the
middle and differentiating cells to the periphery. However, some cells do
continue to proliferate but at a lower rates¢e Figure 3.). It should also be
noted that cells left in low calcium for 16 days do terminally differentiate due
to contact inhibition of growth at high density, but these cells are not so well

organised.
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Figure3.1: Phase Contrast Micrographs of Early Passage HaCaT Cells.
in low C&d'medium (0.06 mM) after 1 day showing sparse clumps (A) and by
3 days have attained about 80% confluence exhibiting a more denpsely
packed monolayerR). Cells 1 day after shifting to high*@sedium (1.8
mM) show a focal organisation (C) and after 10 days in higfmé&dium
(1.8mM), cells have formed a well stratified coherent sheet with a high level
of organization (D).

3.3 Expression of K10 in HaCaT Cell Culture Model

Proliferation and terminal differentiation in the HaCaT cell culture model can
be defined by the expression of different keratins and by markers of
proliferation such as Ki67. Keratins K5 and K14 are expressed by basal
keratinocytes undergoing proliferatn. Gene expression is switched to

suprabasal keratins (K1 and K10) as cells are committed to terminal
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differentiation. This was demonstrated at the protein level using two
techniques. Total proteins were extracted from the HaCaT cultures at
different times, separated by SEFFAGE, transferred by western blotting and
reacted with either K14 or K10 antibodies. K14 levels were found to be
approximately equal over the whole culture period, althoughs expression

was observedn the early culturesKigure 3.2.

40

30

20
3D 6D 16D 6D+3 6D+6 6D+10

Figure3.2: Expression of K14 by SIPAGE and Western Blotting
of Protein Extracts from HaCaT Cells Grown under Diffefent
Conditions.Cells grown in low calcium [0.06mM] KGM for 3, § or
16 days (3D6D, 16D) were switched to high calcium [1.80mM]
KGM at day 6 and grown for a further 3, 6 or 10 days (6D+3, §D+6,
6D+10) Protein extracts were western blotted and detected usjng
a K14 antibody (LL002). Protein size markers are shown on left
(20-50kDa). Nte constant K14 levels throughout HaCaT tell
differentiation (data courtesy of Dr. Paul E. Bowden and Tamhmy
Easter, Department of Dermatology, Cardiff University).

However, when K10 was examineffigure 3.3, expression was low to

virtually absent in edy proliferating cultures (3D, 6D), increased in low
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calcium at 16 days and increased dramatically in cells induced to differentiate

with high calcium.
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Figure 3.3: Expression of K10 by SIPAGE and Westem
Blotting of Protein Extracts from HaCaT Cells Grown under

Different Conditions.Cells grown in low calcium [0.06mM] KGM

for 3, 6 or 16 days (3D, 6D, 16D) were switched to high calcium
[1.80mM] KGM at day 6 andawn for a further 3, 6 or 10 days
(6D+3, 6D+6, 6D+1Mrotein extracts were western blotted and
K10 (56 kDa) detected using a kslific antibody. Protein size
markers are shown on left (2800 kDa). K10 increased in HaCaT
cells as differentiation proceled (data courtesy of Dr. Paul [E.
Bowden and Tammy Easter, Department of Dermatology, Cardiff
University).

Keratin 14 (K14) expression was also examined in the cells by indirect
immunofluorescenceRigure 3.4. While levels overall did remain constant,
the amount of K14 in the proliferating cells appeared higher but at later times,
the cell density was much higher but the cell content appeared lower. Ki67

expression also varied throughout the culture.
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Figure 3.4: Expression of K14 (Proliferation Marker) and K|67
(Cell Division Marker) in HaCaT cell$aCaT cell grown in Igw
calcium KGM for 3 days (D3), 6 days (D6) or 16 days (D16) and
shifted to high calcium KGM for another 3 dgqyB6+3), 6 days
(D6+6) or 10 days (D6+10). K14 (red) was expressed from| early
proliferation and remained constant throughout differentiatign.
Ki67 (green) was expressed poorly in early cultures but incrgased
at later times in low calcium. Expression becamare prominent
and differently organised during calcium induced differentiation.

Nuclei were stained blue with DAPI (data courtesy of Dr. Paul E.
Bowden and Tammy Easter, Department of Dermatology, Cardiff
University).

K10 expression was found to be aogomarker for terminal differentiation
both in vivo (data not shown) and in HaCaT cultur€sg(re 3.5. This was
generally absent in early low calcium cultures (Days 3 and 6) but was found in
any cells that formed organised clumps. However, by day 1éwnchlcium,

the cell density was high and so eedlll contact induced K10 expression at
several locations. However, after calcium induction, the cells became more
organised and K10 expression was switched on in all cells that attained a

suprabasal positio (mimicking than vivosituation).
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a) Day 3 (K10) ° b) Day 16 (K10)

®

c) Day 6+3 (K10) d) Day 6+10 (K10)

Figure3.5: Expression of K10 (Differentiation Marker) in HaCaT celaCaT]
cells were grown in low calcium KGM for 3 days, 6 days or 16 days and ghifted

to highcalcium KGM at day 6 and grown for another 3 days ( Day 6+3), g days

(Day 6+6) or 10 days (Day 6+10). Data is shown for Day3 and Day 16|in low
calcium and for Day 6+3 and 6+10 in high calcium. K10 (green) was not

expressed in early proliferating low caleilcultures but low levels were found
at day 16. After calcium induction, cells were more organised and exprgssed
K10 in much larger amounts. Nuclei were stained blue with DAPI (data
courtesy of Dr. Paul E. Bowden and Tammy Easter, Department of
Dermatology Cardiff University).

Thus, cellular levels of K10 and K14 are good indicators of the state of cultured
cells. Therefore, before notch receptors, ligands and target genes could be

evaluated in terms of altered gene expression during terminal differaptat

K10 and K14 expression had to be evaluated in more quantitative terms. Thus,

MRNA (cDNA) levels measured in the HaCaT cell culture model and the effect

on differentiation was investigated.
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Human K10 and K14 primer pairs generally work well and intiaddto
guantitating levels in cell cultures, they have been generally used in PCR
reactions as controls. They can indicate if the DNA in any reaction was intact
and they are also useful to test for genomic contamination, as long as primer
pairs are locagd over an intron. Also the expression of other genes can be
related to K14 expression as this was stable over the whole time period of a

HaCaT cell culture experiment (similar use to a housekeeping gene in gPCR).

Keratin primers were used to test HaC&NA quality and look for any
genomic contamination. One primer pair (HK14p55 and p56R) was used to
detect the K14 gene (KRT14) and this was designed across intron 7 to produce
an amplicon of 830 bp with gDNA but a smaller amplicon (266 bp) with cDNA.
However, this was too big for use in qPCR so another primer was made
(HK14p57R) in exon 8 producing a smaller fragment (112 bp) with cDNA

(Table 3.2.

Table 3.2: Sequence of K14 Oligonucleotide Primers for PCR and qHCR.
b2iSY NBOSNES O2YLX SYSy il LINAYSNER | NB
for standard PCR (p55 and p56R) and another for gPCR (p55 and p57R).

Primers Sequence

K14 p55 [5- CTG GAT CGC AGT CAT CCA GAGATG

CUNGGEEl  [5- GAT AAT GAA GCT GTA TTG ATF33CC
[5- TGG TGC GAA GGA CCT GCT CGBGC
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The K14 primer set was used to investigate gDNA contamination of total RNA

extracts form HaCaT cells in culture. The K14 PCR was designed across intron 7

so cDNA products are smaller (266 bp) tlgmomic DNA products (830 bp).

When run with a set of RNA samples, there are no products in the absence of

gDNA contamination so the only product found was in the sample containing

the control genomic DNA (gDNA). Here a single band of 830 bp was observed

with the K14 primers on a 1.5% agarose gel, confirming the lack of genomic

contamination Figure 3.6.

D4 D14 D4+3 D4+6 D4+10

Figure3.6: Assessing Genomic DNA ContaminationTota
RNA Extracts of HaCaT CelRCR with K14 primers (p

total RNA extracts from HaCaT cells (D1, D4, D14,
D4+6, D4+10). The K14 PCR product (830 bp) was only
in the tube with control gDNA showing that there was
gDNAinthe RNAextractd=. EmTn 5b! bl |

b5,

p56R) on a genomic DNA (gDNA) sample (C19) and a s¢ries of

PA4+3,
found
no

S LLL

138

Y NJ



The K10 primers used for standard PCR also generated a fragment that was
G22 fIFNBS F2NJ ljt/ wd ¢Kdzaxz Go2 aLJSOATA
coding region of the gene (HK10p22 and p24R)jive an amplicon of 111 bp

on cDNA and gDNA. Another pair (HK10p20 and p23R) were also made over
intron 7 (304 bp) that produced an amplicon of 136 bp on cDNA and 440 bp

on gDNATable 3.3.

Table3.3: Sequence of K10 Oligowieotide Primers for gPCRlote that
NEOSNES O2YLX SYSy(d LINAYSNI gla R$aAIYIFGS

w pQ&TC CAG CGG AGG CCA CAAGTEICTC
w pGAT GAA AGA ACT CTA CCG TCRBEGC

[5'- TGC ATC AAG AGG AAA GAG TGBCCC
[5'- AAG GTC TAT TTC CAT AGA CCA TCA AGA |

After reverse transcription of HaCaT total RNA to total cDNA using a poly A+
primer, the K14 oligonucleotide primer pair (K14p55, p56R) were used under
standard PCR conditions (58°C anneaéing 35 cycles). The PCR products
were run on a 1.5% agarose gEldgure 3.7 and their identity was confirmed

by sequence analysis. The PCR resulted in uniform strong bands (at 266 bp)
throughout HaCaT cell proliferation and differentiation and appeared
independent of the amount of calcium in the medium. In addition, there were

no larger bands (830 bp) except in the gDNA control tube.
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D14 D4+3 D4+6 D4+10

Figure3.7: Analysis of K14 PCR Products from HaCaT [ell
cDNA byAgarose Gel ElectrophoresiKl4primer pair (p55
& p56R) produced a single PCR amplicon (266 bp) pith

cDNA from HaCaT cells while a gDNA control sample (C19)
gave a product of 830 bp. No genomic band was seen in|the

cDNA samples. The level of K14 expression was similar jin all
samples (low calcium: D1, D214 and high calcium: D4+3,
D4+6, D4+10). Products were analysed on a 1.5% agdrose

gel ODNAmarker:rM EmTn b | IS LLLOG .lFyRa&a #
with ethidium bromide under UV light.

The K14 primer pair optimized for quantitative PCR was initially tested o
total cDNA from HaCaT cells using a standard protocol. Again a single strong
band (at 112 bp) was observed on the 1.5% agaroseFggreé 3.8 and the
identity of the product was confirmed by direct sequencing. It is important to
point out that the totd RNA samples from each HaCaT cell culture time point
were quantified and adjusted to the same concentration to ensure that the
cDNA generated wassaepresentative of mMRNA expression as possible. This
step reduces some of the inherent variation and hetpsproduce more

reliable gPCR results.
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M D2 .D4 D14 D4+3 D4+6 D4+10

Figure3.8: Analysis ofK14 PCR Products from HaCaT Cgll
cDNA by Agarose Gel Electrophoredfd4 primer pair (p55
and p57R) produced a single amplicon (112 bp) widiNA
from HaCaT cells. K14 expression was similar in all samples
(low calcium: D1, D4, D14 and high calcium: D4+3, Dj+6,

D4+10). Analysis was on a 1.5% agarose gel.(M=m T fi b
Hae Il DNA marker) and bands were visualised With

ethidium bromide under U\ight.

This was also repeated for the K10 primer pair (K10p22 and p24R) designed
F2NJ [t/ wX 6KAOK LINPRdAzOSR | & Ydoding | YL
region of the gene (and cDNA). It was tested on cDNA from HaCaT cells using
standard PCR conditisn(58°C annealing and 35 cycles) and analysed on a

1.5% agarose geFigure 3.9. K10 showed relatively consistent expression
throughout the HaCaT cell period in culture and little difference was observed
between low calcium and high calcium conditionsisTlias not expected as

there was very little if any K10 protein expression in early cultures (edy 1

while cells were proliferating and a much more dramatic increase in K10 levels

in differentiating cells. Thus, it may be that the conditions used inR@R

were causing all reactions to reach a maximum plateau independent of the
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original starting conditions as long as there were a least a few molecules of

K10 mRNA present. This also highlighted the need for gPCR.

M D2 D4 D14 D4+3 D4+6 D4+10

Figure3.9: Analysis ofK10 PCR Products from HaCaT (ell
cDNA by Agarose Gel Electrophoresis10 primer pai
(p22, p24R) produced a single amplicon (111 bp) with cPNA
from HaCaT cells. K10 expression was similar in all sapnples
(low alcium: D1, D4, D14 and high calcium: D4+3, Dj+6,
D4+10). Analysis was on a 1.5% agarose gel.(M=mT|n b
Hae Il DNA marker) and bands were visualised Jith
ethidium bromide under UV light.

K10 and K14 PCR amplicons were sequenced to confirm their identity
and then they were inserted into separate pGHMeasy vectors and

cloned (see methods chapter for details).

Once ligated into the pGEW easy vectors and cloned, the relevant bacterial

clones were grown in batch culture and the plasmid carrying the vector and
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insert isolated. Six clones were selected for each insert and the plasmids were
extracted using a Qiagen mini plasmid kit (details in methods chapter). The
K10 and K14 inserts wereleased from the pGENI easy vectors by digestion
with Eco RI, and the products were run on a 1.5% agarosd-ggir¢s 3.10

and 3.1).

M Plasl Plas2 Plas3 Plas4 Plas5 Plas6

K10
Inserts

Figure 3.10: Analysis of K10 Plasmid Digests by [Gel
Electrophoresis.Cloned K10 plasmids (K10 PH3lwere
digested with EcoRI and run on &% agarose gel. The larger
band (3015 bp) is pGEM easy vector and the lower baphd
(111 bp) is the K10 insert. All inserten sequenced tp
confirm K10had been cloned successfully. M: low molectilar
weight DNA marker (7531 bp).

The clones that contained plasmids with inserts were stored as glycerol stocks
atyne/ YR Aaz2fll SR LERANDPRhESE! LIBFAYAR:
selected based on the quality of the insert and a set serial dilutions was made.

Plasmid 5 was selesdl for K10 and plasmid F for K14 and serial dilutions
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(300,000 to 30 copies) were made for use in gPCR experiments (see methods

Chapter for details).

M PlasA PlasB PlasC PlasD Plasg PlasF

==
easy

OB e

Figure 3.11: Analysis of K14 Plasmid Digests by Gel
Electrophoresis.Cloned K14 plasmids (K14plasFAwere
digested with EcoRI and run on % agarose gel. The larger
band (3015 bp) is pGEM easy vector and the lower barjd
(112 bp) is the K14 insert. Only plasmidand F contained af
insert and they two were sequenced to confii4had been
cloned successfully. M: low Molecular weight DNA Marker
(75521 bp).

In brief, the DNA concentration of th&ock plasmid solution was measured
by spectrophotometry (180 ng/fbr K10 plasmid 5). This was then diluted 1
in 1 to produce a working K10 plasmid 5 working solution (L8eg/pl).

The length of the plasmid (3126 bp) was calculated from the size of the vector
(3015bp) and insert (111 bp) and the mass of a single cajpulated from

the following equation (where m=mass (g), n = number of base pairs):

G = & x 1.096Q 21 "G axy
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This gives a value of 3.4268 g for the mass of a single K10 plasmid. In order
to calculate the mass of a fixed number of moleculasl)tiply the mass of a
single molecule by the number of molecules required. As this was delivered in
a 5 pl aliquot then the mass data must be divided by 5 to obtain the final

concentration Table 3.4.

Table3.4: Mass andrinal Concentration of K10 Plasmid 5 containing
between 300,000 and 30 copies in alAliquot
Copy # Mass of K10 Final Concentration
Plasmid DNA of K10 Plasmid DN/
(9) in 5 pl (g/ul)
300,000 1.028e12 2.06e13
30,000 *340€189 4 5oge13 2.06e14
3000 1.028e14 2.06e15
300 1.028e15 2.06e16
30 1.028e16 2.06el7

These values can then be used together with the stock concentration to work
out the dilutions necessary to obtain the correct copy number using the

following equation:

GVi=GV, Where G= Initial plasmid DNAconcentration (g/ul)
Vi=Volume ofstockplasmidsolution needed(ul)
G= Finalplasmid DNAconcentration (g/ul)
Vo= Finalvolume ofworking plasmidsolution ()

So for the dution containing 300,000 copies the following applies and

all other dilutions can be made at 1 in 10 from this stockile 3.9:

Vi= Gx W = 2.066"x 100=11.43 pl
G 1.8¢™

Volume of diluent= 100 4111.43 pl =88.57 pl
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Table3.5: SerialDilutions of K10 Plasmid 5 for gPCRerile nuclease free, @ was
used as the diluent.
Dilution Initial Volume of  Volume of  Final Vol (ul) Final Conc Copy #
Source of Conc. K10 Diluent (g/ul)
plasmid DNA (g/ul) Plasmid (un
for dilution DNA (ul)
G Vi \2 G
1 Stock 1.8e7 10pl 990l 1000pl 1.8e9 N/A
2 Dilution 1 1.8e9 10ul 990ul 1000ul 1.8el1 N/A
S Dilution 2 1.8ell 10ul 990ul 1000ul 1.8e13 N/A
4 Dilution 3 1.8e-13 11.43 88.57 100pl 2.06e13 300,000
5 Dilution 4 2.06e13 10ul 90pl 100pl 2.06e14 30,000
6 Dilution 5 2.06e14 10ul 90pl 100pl 2.06e15 3000
7 Dilution 6 2.06e15 10pl ool 100pl 2.06e16 300
8 Dilution 7 2.06e16 10ul 90l 100l 2.06e17 30

The serial dilutions of K10 plasmid were initially tested by standard PCR and

analyzed on a high definition (3%uSieveand 1% agarose) gétigure 3.12

M 300,000 30,000 3000 300 30
=

, 111bp

Figure3.12: Analysis ofStandard PCR with K10 Plasmid|5
Serial Dilutions.K10plasmid 5 dilutions (300,000 copies tp
30 copies) were run by standard PCR (58a35c) using|K10
primers (HK10p22, p24R). Products were analysed on g 3%
NuSieve + 1% agarose gel and only very faint b&nds
clear) were seen (MBNAmarker; EmTn b | F'§ LLLO®
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Plasmid F containing the K14 insert was selected for gPCR and a set of serial
dilutions made in the same way. The stock K14 plasmid DNA concentration
was 400 ng/pl and this was diluted 1 in°1@e-13 g/ul). The mass of a single
plasmid was calculated as 3.428 g and the mass of 300,000 copies was
calculated as 1.028&2 g. This is equivalent to 2.058 g/pl in a 5 pl aliquot.

Thus, the initial plasmid working solution containing 300,00pie® of K14
vector and insert was made lagding 51.41ul of stock plasmid DNA to a tube
containing 48.59 pl sterile water. The other working plasmid solutions were

made by diluting this initial solution by 1 in IDaple 3.6.

Table3.6: Serial Dilutions of K14 Plasmid F for gRGRerile nuclease free @ was
used as diluent.
Dilution Initial Conc Volume of Volume of Final Vol  Final Conc Copy #
Sourcg of (g/ul) KE4NIZIa(1ZIr;1|d Diluent (pl) () (g/ul)
Plasmid DN/
for dilution G vy v, G
1 Stock de-7 10pl 990l 1000pl 4e-9 N/A
2 Dilution 1 4e-9 10ul 990ul 1000l 4e-11 N/A
3 Dilution 2 4e-11 10pl 990l 1000pl 4e-13 N/A
4 Dilution 3 4e-13 51.41 48.59 100pl 2.056e13 300,000
5 Dilution 4 2.056e13 10ul 90ul 100pl 2.056e14 30,000
6 Dilution 5 2.056e14 10ul ooul 100pl 2.056e15 3000
7 Dilution 6 2.056e15 10pl ool 100l 2.056e16 300
8 Dilution 7 2.056e16 10ul oul 100pl 2.056e17 30
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K10 expression was measured in HaCaT cultures byP@RTand both the
copy number of cDNA (and mRNA by inference) and also the fold change
relative to the initial culture conditions (Day3l varies between difference

experiments) were estimated.

The K1Gtandard dilution series was run at the same time as the experimental
samples and this data was used to calculate the copy number from the
individual sample Ct values (number of cycles to reach the threshold). The K10

dilution series data was analysedstiand a standard curve drawn.

The amplification plotKigure 3.13 of the K10 dilution series showed 5 evenly
spaced curves (fluorescence vs cycle number) and these were shown in
different colours for each dilution (blue = 300,000; red= 30,000; green =
3,000; grey = 300 and yellow = 30 copies). As the dilution increased, the
threshold copy number (Ct value) increased and this data can be used to
calculate a standard curve of Ct value versus copy nunthgure 3.14. The

copy number of experimental (unkmn) samples can then be estimated from

their Ct values.
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"I Threshold " CtValue

Figure3.13: Amplification Plot of K10 Plasmid Dilution Serieqd.
Amplification plots were calculated by qPCR MxPro Software.
Each colour represents the fluorescence values for a diffgrent
K10 plasmid dilution: blue 300,000 copiesed 30,000; greef
3,000; grey 300 and yellow 30. The distance between g¢ach
fluorescenceamplification plot was approximately constant43
cycles starting at 18 cycles) and the Ct values measured gs the
lines cross the threshold. Note: The data represents an avdrage
of 3 separate measurements (triplicate samples).

The Ct values for the KlGOlution series ranged from 19 to 33 and this
produced a linear plotHigure 3.14 with an effciency of 99.2% (ideal = 100%)
an Rsq (B value of 0.999 (ideal = 1.000) and a slope2842 (ideal =3.2 to
-3.6). This represents a very good standard/edor K10 and this was used to
estimate the copy number in experimental samples from the measured Ct

value.
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30 copies

300 copies

3,000 copies

Ct (dR)

30,000 copies

300,000 copies

Initial Quantity (copies)
Figure3.14: Standard Curve oK10Plasmid Dilution SeriesThe Ct
value was plotted against copy number and the efficiency of|the

PCR reaction estimated as 99.2% (calculated from the slope which
was-3.342). The Rsq value was 0.999 indicating the data is a [close
fit to the linear line as plotted. The scale on the&xis does nof
signify the copy number at each data poititis important to note
that the standard curve may only be used to interpolate, pot

extrapolate, the quantity of the unknown sample. This is becguse
the assay may not be linear outside the rangevered by the
standard tested.

The gPCR data from 3 consecutive experiments (triplicate experiments) were
then analysed using the K10 standard curve and INSTAT software. The raw
gPCR data was analysed using different statistical methods such as- Tukey
Kramer Multiple Comparison Test and Gway Analysis of Variance (ANOVA).
This software was used to analyse the K10 experimental data in two different
ways: initially calculating the level of K10 expression in relation to copy

number and then calculating thfeld change in expression.
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Proliferating cultures (3 days and 6 days in low calcium medium) did have a
low copy number (188,50Q 366,100) of K10 transcriptgéble 3.7 even
though very little if any K10 protein was observed in these cells. Hower, th
cultures that showed distinct stratification and cornification (16D in low
calcium and all high calcium cultures) showed a large increase in K10 copy
number (834,40Q0; 2,372,000). All the data represents an average value of

three separate experimentd éble 3.7).

Table3.7: K10Gene Expression (Copy Number) during HaCaT Cell Cubata.
for 3 experiments showed the same general trend with an increase in K10
expression as the cultures differentiated. There was a significant increase in ¢opy
number as cells differentiated (16D, 6D+3, 6D+6, 6D+10) relative to proliferating
cultures (3D 6D).Note: samplevalues were outside standard curve range (se¢
Figure 3.13k0 the cDNA was diluted 1:10 to bring them into range-380,000
copies) and the numbers below represent the original undiluted cDNA.

| Experiment| 3D | 6D | 16D | 6D+3 | 6D+6 | 6D+10 |
262,300 354,800 1,316,000 834,400 2,372,000 1,892,000
188,500 326,100 1,367,000 1,014,000 2,224,000 1,959,000
238,500 366,100 1,352,000 998,000 2,187,000 1,929,000
PDAVErageN 229,767 349,000 1,345,000 948,800 2,261,000 1,926,667

In terms of foldchange, the increase in K10 expression during differentiation
represented a 3.18 (min) to 13.92 (max) fold increase over the level observed

in day 3 culturesTable 3.8.
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Table 3.8: K10 Gene Expression (Fold Change) HaCaT Cell
Cultures.K10 gene expression only increased slightly while cells were
proliferating (1.83 fold max) but much larger increases were seen as
cells differentiated (3.18.3.92 fold). Fold change data relative to 31D
culture levels and average values afXeriments are shown in blue.

1.00 135 5.02 3.8 9.04 7.21
1.00 173 725 538 11.80 10.39
1.00 183 986 7.21 13.06 13.92
Average 100 164 738 526 11.30 10.51

Comparisons were then made betwe&vels of K10 expression at each time
point in the HaCaT culture experiments using the Tukeymer Multiple
Comparison TestTable 3.9. Here, values of g greater than 5.628 were just
significant (p < 0.05) while larger values of q (>13.175) were varificigt (p

< 0.001). In all cases when comparing cultures that showed signs of
differentiation with proliferating cultures (either 3D or 6D), the increases
were significant. There was no significant difference between K10 levels in 3D
and 6D cultures (bdtlow calcium) but 16D cultures in low calcium did stratify
due to contact inhibition and the levels of K10 were significantly higher. The
cultures that differentiated the longest (6D+10) had lower K10 levels than

6D+6 which appeared to be the optimum tinmethis model.
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Table 3.9: Comparison of K10 Expression Levels (Copy Number) in
Different HaCaT CulturesThe mean difference in copy number
between the cultures compared was calculated and a q e/glu
assigned. Wher¢he value of Qwas >5.628, the data was significaht
(values shown in red)Note: sample values were outside standard
curve range (see Figure 3.13) so the cDNA was diluted 1:10 to bring
them into range (36800,000 copies) and the numbers below
represent theoriginal undiluted cDNA.

Comparison Mean Difference Q P value

3D vs 6D -115050 2.169 ns P>0.05
3D vs 16D -1116100 21.042 *** P<0.001
3D vs 6D+3 -698800 13.175 *** P<0.001
3D vs 6D+6 -2072600 39.075 *** P<0.001
3D vs 6D+10 -1700100 32.053 *** P<0.001
6D vs 16D -1001050 18.873 *** P<0.001
6D vs 6D+3 -583750 11.006 ** P<0.01
6D vs 6D+6 -1957550 36.906 *** P<0.001
6D vs 6D+10 -1585050 29.883 *** P<0.001
16D vs 6D+3 417300 7.868 *  P<0.05
16D vs 6D+6 -956500 18.033 *** P<0.001
16D vs6D+10 -584000 11.010 ** P<0.01
6D+3 vs 6D+6 -1373800 25.901 *** P<0.001
6D+3 vs 6D+10 -1001300 18.878 *** P<0.001
6D+6 vs 6D+10 372500 7.023 *  P<0.05

Interestingly, the data expressed as fold change in K10 expression levels
was not assignificant as the copy number dat@iable 3.1(). This was

also analysed using the TukkKyamer Multiple Comparison Test and
values of q was greater than 5.628 were significant (p < 0.05). The only
data that remained significant were the comparisons betwee
proliferating cultures in low calcium (3D and 6D) and late differentiating

cultures in high calcium (6D+6 and 6D+10).
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Table3.10: Comparison of K10 Expression Levels (Fold Change) in
HaCaT CulturesThe mean differene in K10 fold change betweer
certain cultures was compared and where the value @fwas
greater than2.60 the difference was significant (p < 0.65more).
-0.5400 0.5028 ns P>0.05
-5.135 4.781 ** P<0.01
-3.280 3.054 * P<0.05
-9.420 8.770 **x P<0.01
-7.800 7.262 *** P<0.01
-4.595 4.278 ** P<0.01
-2.740 2.551 ns P>0.05
-8.880 8.268 *** P<0.M@1
-7.260 6.759 ¥+ P<0.01
1.855 1.727 ns P>0.05
-4.285 3.989 ** P<0.01
-2.665 2.481 ns P>0.05
-6.140 5.717 ** P<0.01
-4.520 4.200 ** P<0.01
1.620 1.508 ns P>0.05

The copynumber data for K10 expression in different HaCaT cultures was

made into a bar chart and the standard deviation (SD) was shown for each bar
as well as the significance relative to the 3D cultufégure 3.1%. Low levels

of K10 expression were found in early cultures in low calcium medium (3D &
6D) and K10 expression was increased significantly in all cultures that had

differentiated and stratified (16D, 6D+3, 6D+6, 6D+10).
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K10 Expression in HaCaT Ce
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Figure 3.15. K10 Gene Expression in HaCaT Cells dufing
Calciuminduced Differentiation. K10 expression (copy
number) was measured by gqPCR and the data fof 3
experiments shown as an average * SD. The leve| of
significance relative to the day 3 culture data (3D) is shqwn
(*** p < 0.001).

Expressing the K10 data as fold change producedr aleart with the same
overall trends but lower levels of significanéggure 3.1§. The only increases
that were significant were those in late differentiation (6D+6 and 6D+10) as
these were greater than 10 fold over the level seen in the 3D cultures (p <

0.01 and p < 0.05 respectively).
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K10 Expression in HaCaT Ce
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Figure 3.16: K10 Gene Expression in HaCaT Cells diring
Calciuminduced Differentiation. K10 expression (fold change)
was measured by gPCR and the data for 3 experiments shopn as
an average = SD. The level of significance relative to the B day
culture data (3D) is showrf*¢ p<0.001, ** p < 0.01 and * p §
0.05).

These observations agreed with previous work done in the laboratory and
agreed with the data obtained at the protein level. Thus, K10 appears to be
expressed in some cells in early low calcium cultures and the small amounts of
cDNA probably represent a fegells that have clumped together and begun
differentiating due to contact inhibition of growth. K10 expression was much
more apparent in the cultures that had been left in low calcium for 16 days.
However, cultures exposed to high calcium are much mogamised, stratify
better and express a significantly higher level of K10. While there may be a
slight discrepancy between K10 mRNA and protein levels in early cultures, this
can be explained either by levels of detection in the different methods used or

may be a consequence of blocking K10 translation in proliferating cells.
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3.4 Expression of K14 in HaCaT Cell Culture Model

Unlike K10, the levels of K14 did not change so dramatically as HaCaT cells
differentiated. The same experimental procedure and MxPravsoe were

used for analysis by gHPICR. This required cloning a segment of K14 into
PGEMT easy, constructing a set of serial dilution standards of known copy
number and then relating the sample fluorescence and Ct value back to the
starting copy numberThe amplification plot data for the serial dilutions was

not quite as good as K10 with some variation in the Ct values between

dilutions Figure 3.17.

_ i Threshold @ :CtValue '

B

Figure 3.17: Amplification Plot of K14 Plasmid Dilution Series
Amplification plots of qPCR data were calculated by MxPro
Software. Each colour represents the fluorescence values for a
different K14 plasmid dilution: blue 300,000 copiesed 30,000
green 3,000; grey 300 and yellow 30. Tdistance between eadh
fluorescence amplification plot was approximately constart4 {3
cycles starting at 21 cycles) and the Ct values measured as th¢ lines
cross the threshold. Note: This is an average of 3 measurerhents
(triplicate).
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The Ct values forhe K14 dilution series ranged from 21 to 36 and this
produced a linear plotRigure 3.18 with an efficiency of 95.5% (ideal = 100%),
an Rsq (B value of 0.996 (ideal = 1.000) and a slope®#34 (ideal =3.2 to
-3.6). This represents a reasonablarstard curve for K14 and this was used
to estimate the copy number in experimental samples from the measured Ct

value.

36 -
35
34
33
32
31
30
29 -
28
27
26
25 A
24
23 A
22 )
21 300,000 copies
20 ‘

2.06E+01 2.06E+02 2.06E+03 2.06E+04 2.06E+05

30 copies

300 copies

3000 copies

Ct (dR)

30,000 copies

Initial Quantity (copies)
Figure 3.18: Standard Curve of K14 Plasmid Dilution SeriesCt
values were plotted against copy number and the efficiency of the
PCR reaction estimated as 95.5% (calculated from the slope). The
Rsq value was 0.996 indicating the data is a close fit to the ljnear
line as plotted. The scale on theaxis does not gnhify the copy
number at each data point.

The gPCR data from 3 consecutive experiments (triplicates) was then analysed
using the K14 standard curve and INSTAT software. This analysed the raw
gPCR data using different statistical methods such as TiKikayer Multiple
Comparison Test and Oweay Andysis of Variance (ANOVA). This software
was used to analyse the K14 experimental data, initially calculating the level of
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K14 expression in relation to copy numki{&he original cDNA was diluted into

1 in 100, to get the data in range for qPC&d then alculating the
subsequent fold change. K14 levels increased in early proliferating cultures (6
day cultures almost 4 fold higher level than 3 day cultures) after which the
level of K14 reducedr@ble 3.1). This data was not related to the amount of
starting cellular material so the initial increased K14 expression probably
reflected the 4 fold increase in cell density typically seen between 3 and 6
days and the subsequent reduction in K14 levels as cellular material increased

further reflected a fall in K4 expression in real terms.

Table3.11: K14Gene Expression (Copy Number) during HaCaT Cell Culate.

for 4 experiments showed the same general trend with an increase in K14
expression as the cultures initially proliferated and then a subsequent decrease as
cells differentiated. An average value for the four experiments is shown in |blue.
Note: samplevalues wee outside standard curve range (sBgure 3.18) so the
cDNA was diluted 1:10to bring them into range (3300,000 copies) and the
numbers below represent the original undiluted cDNA.

526,200 1,899,000 943,200 943,000 879,400 784,800
542,300 1,657,000 925,100 708,300 652,200 646,600
316,015 1,228,335 610,598 777,741 602,446 582,537

4 256,580 1,377,011 684,505 586,466 530,225 505,857
Average 410,274 1,540,336 790,851 754,877 666,068 629,949

W N -

Theinitial increase in K14 expression during proliferation was equivalent to a
3.98 fold change while the K14 level in differentiating cells was almost 2 fold

above the levels observed in 3D culturé&alfle 3.12.
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Table 3.12: K14 Gene Expression (Fold ChangeHatCaT Cel
Cultures. K14 gene expression increased almost 4 fold in early
proliferating cultures and then decreased as cells differentiaaled
(1.95 to 1.62 fold). Fold change data relative to 3D culture leyels
andaverage values of 4 experiments are shown in blue.

Experiment 3D 6D 16D 6D+3 6D+6 6D+10

1 1.00 361 179 1.79 1.67 1.49
2 1.00 3.06 171 1.31 1.20 1.19
3 1.00 3.89 193 2.46 1.91 1.84
4 1.00 537 267 2.29 2.07 1.97

Average 1.00 398 195 1.96 1.71 1.62

The level of K14 expression at each time point in the HaCaT culture
experiments was analysed using the Tukegmer Multiple Comparison Test.
Here, values of q greater than 4.495 were just significant (p < 0.05) while
larger values of q (>8.241)ere very significant (p < 0.001). Large differences
were only obtained when comparing 6D cultures to all others and the data
was in general highly significant in all cases (p > 0.001). This was true whether
the data was expressed in terms of copy numbkahkle 3.13 or fold change

(Table 3.13.
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Table 3.13: Comparison of K14 Levels (Copy Number) in Different
HaCaT CulturesThe mean difference in K14 copy number between the
cultures as listed (eoparison) was calculatednd a Qvalue assigned.
Where the value of q was >4.495, the data was significant (actual p
values shown in redNote: sample values were outside standard curve
range (seddgure 3.18) so the cDNA was diluted 1:100 to bring them into
range (36300,000copies) and the numbers below represent the original
undiluted cDNA.

-1130063 10.652 *** P<0.001
-380577 3.587 ns P>0.05
-131428 1.239 ns P>0.05
-255794 2.411 ns P>0.05
-219675 2.071 ns P>0.05
749486 7.064 ** P<0.01
998635 9.413 *** P<0.001
874269 8.241 *** P<0.001
910388 8.581 *** P<0.001
249149 2.348 ns P>0.05
124783 1.176 ns P>0.05
160902 1.517 ns P>0.05
-124366 1.172 ns P>0.05
-88247 0.8318 ns P>0.05
36119 0.3404 ns P>0.05

Apart from the day 6 data (6D), comparison between day 3 cultures in low
Cd" (3D) and other time points (6D, 16D, 6D+3, 6D+6 and 6D+10) showed no
significant difference. This was also true of the other comparisons

independent of how the data was expressed.
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Table 3.14: Comparison of K14 Expression Levels (Fold Change) in
HaCaT CulturesThe mean difference in K14 fold change between
certain cultures wasampared and where the value of ®as greater
than 4.495, the difference was significant (p < 0.001).

-2.983 11.187 *** P<0.001
-1.025 3.845 ns P>0.05
-0.9625 3.610 ns P>0.05
-0.7125 2.673 ns P>0.05
-0.6225 2.335 ns P>0.05
1.958 7.343 *** P<0.001
2.020 7.577 *** P<0.001
2.270 8.515 *** P<0.001
2.360 8.852 *** P<0.001
0.06250 0.2344 ns P>0.05
0.3125 1.172 ns P>0.05
0.4025 1.510 ns P>0.05
0.2500 0.9378 ns P>0.05
0.3400 1.275 ns P>0.05
0.09000 0.3376 ns P>0.05

The K14 data from individual experiments was also analysed by the INSTAT
statistical software as an overall average. This was presented as a bar chart
showing mean plus standard deviati@nd the p values where they were
significant. This was expressed both in terms of total copy numBiguie

3:19 and fold changeHigure 3:20.
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Figure3.19: Analysis 0f/K14Gene Expression (CopNumber) in HaCaT
Cells during Calciuanduced Differentiation. K14 copy number was
estimated by gPCR in HaCaT cultures at different stages of proliferption
and differentiation. Green bars show the mean of 3 differgnt
experiments together with standard dation (black bars). The onlrl/

significant data relative to day 3 was an increase at day 6 (p < 0.00[L).
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Figure3.20: Analysis 0ofK14 Gene Expression (Fold Change) in Ha@aT
Cells during CalciuAnduced Differentiation. The fold change in K1f
expression was estimated by gPCR in HaCaT cultures at different gtages
of proliferation and differentiation. Pink bars show the mean of| 3
different experiments together with the standard deviation. The ogply
significant data relative to 3D was the increase at 6D (p < 0.001).
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In conclusion, K14 expression levels increased significantly during early
proliferation (between 3 and 6 days in low calcium culture) when the cells
were increasing in mass. After calcium inducatfedentiation, K14 levels
reduced almost back to the initial 3D culture level. As the cell volume
continued to increase, then a reduction in K14 expression per unit cell seemed

likely, agreeing with the reduction seen as cells differentiatediva

In general, the change over from a majority of K14 expression to a majority of
K10 expression can be seen by comparing the copy humber data on the same

bar chart Figure 3.2}

K14 and K10 Expression in HaC K14
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Figure3.21: Alterations in K14 and K1@Expression (Copy Number) i
HaCaT Cells during Calcitinduced Differentiation K14 (pink) and K1p
(green) expression (copy number) was measured by gPCR and anglysed
using MxPro software. The K14 gene expression was increased ih low
calcium medum (3D, 6D) but then reduced again as cells differentigted
(16D). The same reduction was also seen during caisidoced
differentiation (6D+3, 6D+6 and6D+10). The opposite was true for|K10
where levels are low in proliferating cultures and these inceeas cells
differentiate.
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The observations of K10 and K14 expression, together with the Ki67 IMF data,
showed that HaCaT cells in culture were broadly similar to human epidermis
in vivoin terms of the commitment to terminal differentiation and that this
model was sufficient to study alterations in notch signalling during epidermal

differentiationin vitro.
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CHAPTER 4: Expression of
Notch Receptors, Ligands

and Target Genes in HaCaT
Cell Model
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4.1 Introduction

Investigating notch signalling in human skimivg was proving to be difficult

and a model system was sought so that the signalling process and its response
to the differentiation status of the cell could be assessed. The HaCaT tissue
culture model was chosen because this was already established in the
laboratory and terminal differentiation can be induced reproducibly using the
calcium shift technique. In brief (see Chapter 2 for details), the cells were
grown over a 47 day period until they reach 780% confluence and then the
calcium level in the medm is increased and the cells are allowed to growth
for another 610 days. Sufficient numbers of HaCaT cells were then produced
so that total RNA and total protein coulet extracted for analysis of both the
state of cellular proliferation and extent of t@inal differentiation. Once the
model was reproducibly shifting into terminal differentiation after increasing
calcium levels, then notch signalling could be evaluated and experiments
designed to investigate the effect of notch signalling on the prodessrder

to assess gene expression levels, both standard and real time qPCR were done
using various primer combinations (sdable 4.1below). Where possible,
primer pairs were designed over intron boundaries so that any genomic PCR
product (amplicon) watarger than the cDNA amplicon, providing an internal

control for genomic contamination.
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Once total RNA had been extracted from HaCaT cell cultures harvested at
different times, cDNA was generated by reverse transcription and a standard
PCR carried out fazach gene of interest (notch receptors, ligands and target
genes). PCR products were analysed on 1.5% agarose gels to estimate the size
of each amplicon. PCRs were carried out according to a rigorous protocol to
minimize errors such as contamination byhet DNA, primer dimers and
products of incorrect size. ldeally, the PCR products should show strong single
bands on the agarose gel. As only an aliquot of the whole PCR reaction was
tested, the remainder can then be sequenced for identity verification (see

Chapter 2 for details).

Standard PCR reactions are limited in terms of the estimation of specific gene
expression levels and it can be hard to accurately distinguish PCR samples that
contain 20 copies or 50 copies on a gel. Thus, when there are small

differences in expression level, quantitative real time PCR (gPCR) is required.

In order to get an absolute level of quantitation in a dynamic cell system,
levels of gene expression must be related to a housekeeping gene that is
stable through the cellula changes of a typical experiment. This is an
important control in qPCR experiments. However, the levels of the
K2dza S1 SSLIA Y3 3I-&yinSE2HS BBP ¥nd RBLR13)dn the HaCaT
cell culture model were not stable and levels changed as HaCaT a@aligech
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from proliferation to terminal differentiation. Thus, none of these molecules
were considered as a stable housekeeping gene in the HaCaT cell culture
model. Thus, in order to estimate the copy number of a given gene product in
the HaCaT cells, a prebfor each gene was cloned and sufficient cDNA
generated to make a gene specific standard curve. This would relate absolute
levels to Ct values and therefore gene copy number in the experimental

samples could be estimated from the Ct values obtained.

Primers for real time PCR were arranged to generate an optimum product size
of 80-120bp and should not be more than 150bp. Some of the primers
designed for standard PCR were of a suitable size for use in qPCR but where

this was not the case, primers were dgsed specifically for gPCRaple 4.).

Table 4.1: Table of Primers for Standard PCR and qPCR of Notch,
Delta, Jagged, Hes and Hey.

Primers for PCR|  Primers for gPCR

Notch 1 receptor N1p7, N1p6R
Notch 3 receptor N3p1l,N3p4R
Delta like 1 DLL1p1, DLL1p2 DLL1p7, DLL1p8R
Jagged 1 Jaglpll, Jaglpl2R
Jagged 2 Jag2pl4, Jag2pllR
Hes 1 Heslpl, Hes1p2R
Hes 5 Hes5p1, Hes5p2R
Hes7 Hes7pl, Hes7p2R
Heyl Heylp3, Heylp4R
Hey?2 Hey2p3, Hey2p4R
HeyL HeylLpl, HeyLp2R
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Each gene was tested in triplicate usititte same set of HaCaT cells to
minimize variation in the results. To establish the expression level of each
gene, qPCR results were analyzed using standard curve and CT values

established for each gene.

4.2 Expression of Notch Receptors in HaCaT Cells

As HaCaT cells undergo calciumduced terminal differentiation, many
changes in gene expression occur and some of these involve -dettzh
signalling. Thus, we initially wanted to investigate which notch receptors wer
present in HaCaT cells and if they altered expression during a calcium shift
experiment. Thus, were notch receptor levet$ expressiondifferent in
proliferating and differentiating HaCaT cells. Expression levels measured by
standard PCR were not accteaand before we could proceed with gPCR, a
functional primer pair had to be designed and tested to generate a notch
receptor specific cDNA probe that could be cloned and used to make a gPCR

standard curve.

However, as the optimum size of primers for retard PCR were generally
larger (308600 bp) than those used for gPCR (150bp or less), in some cases it

was necessary to make at least two sets of primers. All of the primers were
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designed by my supervisor (Dr. P.E. Bowden, Cardiff University) and tmose fo
amplifying the notch 1 and notch 3 gene fragments are shown belablé

4.2).

Table4.2: Sequence of Notch Primerall oligonucleotide primers
were designed by Dr. P.E. Bowden (Dermatology Dept, Cardif
University) andsupplied by Sigmaldrich Company Ltd (Poole, UK).

Primer Name Primer Sequence

NG R [5-ACC TTC CGC ACG CGG ATT ASI TTG
\EIEN(NRERY [5-TGC ACT CTT GGC ATA CAC AGT]CCG
EEAEYCER [5- TTA CCT GGC AGT CCC AGG AGE|TGG

NEIEENIEIASY) [5- TAA GGG TGC TCA CTG GGA AEX] CGC

Notch 1 and notch 3 expression were investigated in HaCaT cells during
proliferation (16 days in low CAKGM) and terminal differentiation {10
daysafter shift to high C& KGM). Total RNA was extracted from the relevant
HaCaT cells and cDNA prepared by reverse transcriptionGkapter 2for
details). The PCR reactions were prepared incald tubes and Taq
polymerase was added last. Samples weum at an optimal annealing
GSYLISNI GdzZNE F2NJ 0KS 2f A32ydz0ft S20ARS
for 35 cycles. The PCR products were analysed by flat bed electrophoresis
using a combination gel (3%uSieveand 1% agarose) for better resolution of

smaller fragments of DNA. The gel was run for about 45 minutes (conditions
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summarized inTable 4.3 and the DNA was visualised under UV light (gel

containedethidiumbromide).

Table 4.3: Agarose Gel Electrophoresis for P@GRoducts.
Experimental conditions for analysis of PCR products
generated with Notch 1 and Notch 3 primer sets using
agarose gel electrophoresis.

3%NuSievet 1% Agarose
TrisAcetateEDTA
90V (current 50mA)

45 minutes

4 pl sample plus 1 pl
glycerol/BPB mix

[26 a2 6. ™"

Notch 1 amplicons (142 bp) showed strong bands across the whole gel,
changing very little throughout the experimerfigure 4.). Thus, the levels
appeared to be similar in proliferating HaCaT cells (lo¥" ®&M) and
differentiating HaCaT cells (high?CdGM). The amplicons were sequenced to

confirm their identity as prodcts of the notch 1 genalta not showr).

In contrast, Notch 3 was expressed predominantly during cell differentiation
(in all high CHcultures and at day 14 in low €amedium) and only weak

expression was observed during cell proliferation in eanly ¢alcium cultures
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(seeFigure 4.2. The PCR products were confirmed as notch 3 by sequencing.
However, in different sets of HaCaT cell cultures, the results were variable and
it was difficult to get a consistent expression of Notch 1 and 3. This was
exphkined, at that time, due to the low level of expression therefore difficult

to detect

D4 D14 D4+1 D4+3 D4+6 D4+10
Low Ca medium High Ca medium

Figure 4.1: Expression of NOTCH 1during HaCal
Differentiation.PCR products analyzed Dy
electrophoresis on a 3% NuSieve + 1% agaroseAgel.
series of total cDNA extracts from HaCaT cells (D1] D4,
and D14, D4 + 1, D4 + 3, D4 + 6, D4)+SlifAgle product
(142bp) found in all cells but levels appeared to vpry

(low calcum: D1, D4, D14 and high calcium: D4+1, D4+3,

D4+6, D4+10M=, EmMmTn 5b! bl S LIL L YI NJ] SN

It is important to point out that PCR conditions for notch 1 and 3 were not
fully optimized at this stage for use in4PCR. However, since notch 1 and 3
primersgave a product of the correct size, it was only necessary to optimize

the conditions for qPCR.
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In order to clone the notch inserts generated for use as a qPCR standard, the
optimum PCR was chosen for each notch reaction. The Notch 1 amplicon (142
bp) wes strongest in Day 14 cultures in low calcium meditigyre 4.) and

the Notch 3 amplicon (102 bp) was strongest in day 4+6 cultures in high

calcium mediumKigure 4.2.

D4 D14 D4+1 D4+3 DA4+6 D4+10

Low Ca medium High Ca medium

102bp

= e

Figure 4.2: Expression ofNOTCH3 during HaCaT Cel|
Differentiation. Electrophoresis of PCR products on a $%

NuSieve and 1% agarose gel. A single product (102} bp)

was found and expression varied between different Ha@aT

cells medium(low calcium: D1, D4, D14 and high calcium:

D4+1 D4+3, D4+6, D4+10)M =, EMT N 5b! bl IS LLL
marker.

These observations were considered as optimum levels and chosen as the
starting point for cloning the Notch 1 and Notch 3 specific PCR products for
use as gPCR standards. Both were run on the same gabtton a direct
comparison of the size of each amplicdfigure 4.3) This was followed by

sequencing the products using standard automated sequencing protocols.
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Once the sequence was confirmed, the Notch 1 and Notch 3 PCR products

were cloned into pGEM easy vectorsseeChapter 2cloning procedurg

14D 4D+6

Notch 1

s
L

Notch 3

Figure4.3: Expression of Notch 1 and Notch 3 in HaCa[l
Cell Differentiation. Optimum PCR amplicored Notch 1
and 3 were obtained using total RNA from differétaCaT
cell cultures (14 day low Ca and 4+6 days high Qa
respectively). The PCR products were analyzed on 3%
NuSieve plus 1% agarose gel prior to cloning. M (DNA
Marker)=. EMTn 5b! bl IS LLL®

PCRfragments were cleaned prior to ligation into the bacterial plasmid
(PGEMT easy vector system). Once the PCR fragments have been inserted
into the plasmids, these are inserted into bacteria by transformation and the
clones generated examined. The bestnas were then selected and grown in
bulk. The plasmids from each clone were extracted using a Qiagen plasmid
miniprep kit and the inserts (Notch 1 or Notch 3) were released from the
vector by restriction enzyme digestion (Eco RI) and then analysed by

electrophoresis on 1.5% agarose gefsg(res 4.4 and 4)5 To ensure that
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inserts did represent the gene of interest, they were all sequenced and

checked against the human genome databatksd not showr).

M Plas 1 Plas2 Plas3 Plas4 Plas5 Plasé

Inserts with right product

Figure 4.4: Analysis ofNotch 1 Plasmid Digests by G
Electrophoresis.ClonedNotch 1plasmids (Plas-&) were
digested with EcoRI and run on &% agarose gel. The
PGEMT easy vector is the larger band (3015 bp) and]the
lower band 142 bp) is theNotch linsert. M: DNA Marker
100 bp Ladder. Plasmid 1, 3, 4, 5 contained inserts o] the
correct size and their identity was confirmed by sequengng.

M Plasl Plas2 Plas3 Plas4 Plas5 Plas6

Insert with
> right

product

Figure 4.5: Analysis ofNotch 3 Plasmid Digests by Gg
Electrophoresis.ClonedNotch 3plasmids (Plas-&) were
digested with EcoRI and run on &% agarose gel. The
pGEMT easy vector is the larger band (3015 bp) and|the
smaller band (102 bp) is thdotch 3insert. Only Plasl had
an nsert of the correct size and the identity was confirnjed
by sequencing. M: DNA Marker (100 bp Ladder, NEB).
Plasmids & showed incomplete digestion of the vector
and no product was released.
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Once the inserts had been confirmed by sequencing, then stocks of three
isolated plasmids for each PCR generated insert were stored3GfC.

Sufficient amounts of plasmid could then be generated to make serial
dilutions of each gene probe of interest. 8édilutions were calculated based

on the combined size (bp) of the pGHMWector and the PCR generated insert.

The equations were based on the average mass of a single base pair {1.096e

21 g) derived from the dividing the gram molecular weight of 1 1§ (&) by

| @23 RNRBQa VYdzYoSNJ 6cdPnHo9HOOX GKS ydzy

Chapter Zor details).

Serial dilutions of the appropriate Notch 1 (N1plas3) and Notch 3 (N3plasl)
plasmid DNA were made for the gPCR experiments. The concentration of
stock Nplas3 DNA was determined by spectrophotometric analysis (580
ng/pl or 5.8e7 g/ul). Initially, this stock was diluted serially (three times by 1
in 100) to a more manageable 1 in®{Boncentration 5.8el3 g/ul). The mass

(m) of a single plasmid moleculeettor plus insert) was calculated from the
size (3,015 bp 142 bp), so thah = 3,157 bp anan = 3157 x 1.09621 g, a
value of 3.46€l8 g.The calculated mass of a single molecule of Nlplas3
(3.46e18 g) was then used to determine the mass equivalent of 300,000
copies (1.038€.2 g) which is equivalent to a concentration of 2.0-4@eg/pl

in a 5 pl aliquot (as used for the PCR reaction). Tdek plasmid was 5.8&3
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g/ul so the dilution required to contain 300,000 copies in 500 ul was
calculated ag79ul of stock N1plas3 diluted with 321 ul of sterile wafHnis
300,000 copy number stock can then be used to make a serial dilution series
(2:10 to generate working solutions that contain 30,000, 3,000, 300 and 30

copies in 5 pl able 44).

Table 4.4: Dilution Series for N1lplas3 Stockterile nuclease free water was
used as the diluent and dilutions8were used for qPCR.
Dilution Source of Initial Volume of  Volume of Final Vol Final Conc Copy #
plasmid DNA Conc. Plasmid Diluent (ul) () (g/ul)
for dilution (g/ul) DNA (ul)
G V1 Va2 G
1 Stock 5.8e7 10pl 990l 1000l 5.8e9 N/A
2 Dilution1 5.8e:9 10yl 990l 1000ul  5.8e11 N/A
3 Dilution2 5.8e-11 10l 990ul 10004 5.8e13 N/A
4 Dilution3 5.8e-13 179 321 5004l 2.076e13 300,000
5 Dilution4 2.076e13 10l 9ol 100ul  2.076el4 30,000
6 Dilution5 2.076e14 10l 90l 1004l 2.076e15 3000
7 Dilution6 2.076e15 10yl 90ul 100u  2.076e16 300
8 Dilution7 2.076el6 1oul ooul 100pl 2.076el7 30

The same calculations were repeated for the Notch 3 plasmid (N3plasl). The
N3plasl DNA stock had a concentration of 500 ng/H7(&&ul) and this was

also diluted 1 in 19(5e-13 g/pl). The insert was 102 bp so the mass of a single
molecule of plasmid was calculated as before (3.418eg). The mass
equivalent of 300,000 copiesould be 1.0248€l2 g and the concentration of
plasmid required in a 5 pl aliquot would 2.04968 g/ul. Thus, the dilution
required to make 500 pl of a standard stock solution containing 300,000
copies of plasmid would b205 pl of stock diluted with 29fl sterile water.
Again, this solution can then be diluted 1:10 to make a set of working serial

dilutions (Table 45).
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Table 4.5: Dilution Series for N3plasl Stocl&terile nuclease free @ was
used as the diluent andilutions 48 used for gPCR.
Dilution Plasmid DNA Initial Plasmid Volume of Final Final Copy #
Dilutions Conc. DNA Diluent Vol. () Conc.
(g/ul) Volume added () (g/ul)
(1) V,
G \A G
1 Stock 5e-7 10pl 990ul 1000pl 5e-9 N/A
2 Dilution 1 5e-9 10pl 990l 1000pl 5e1l N/A
3 Dilution 2 5e-11 10l 990ul 1000pl 5e-13 N/A
4 Dilution 3 5e-13 205 295 500pl 2.049e13 300,000
5 Dilution4  2.0497e13 50pl 450pl 500pl 2.049e14 30,000
6 Dilution 5 2.0497e14 50pl 450l 500l 2.049e15 3000
7 Dilution 6 2.0497e15 50pl 450l 500ul 2.049e16 300
8 Dilution 7 2.0497el16 50pl 450ul 500pl 2.049e17 30

Initially, an aliquot of each diluted plasmid was run in a standard PCR reaction
and analyzed on a high resolution gel (3%Sieveand 1% agarose). The
Notch 3 dilution series was analysed as an exanfglgute 4.¢ but only the

high copy number standards resulted in a clearly visible product and the
amplicons progressively disappeared as the starting material was serially

diluted.

300,000 30,000 3000 300

"M
-

2 R T

Figure4.6: PCR Reactions with Serial Dilutions of Notch B
Plasmid 1 (N3plasl)Reactions were analysed on a 3%b6
NuSieve plus 1% agarose gel. The Notch 3 amplicon is}102
bp (yellow arrows) and this represents a dilution series frgm
300,000 copies to 30 copies as starting mateNa(Marker)
=, EmTn 5b! blIIFS LLL®
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These standardisederial dilutions of cloned Notch 1 and Notch 3 PCR
fragments were analysed by qPCR and a standard curve constructed from the
data using MxPro software (MX3000P Real Time PCR Machine). The Notch 3
data was reasonable and the individual amplification pfoten the separate

wells containing different levels of cloned Notch 3 plasmid (300,000 to 30
copies) all showed a good sigmoid curve and all attained a plateau of
approximately equal heightF{gure 4.7. Also, the different dilutions gave
equally spacegblots providing Ct values about 4 cycles apart. When plotted as

a standard curveHigure 4.8, the N3plasl data showed an efficiency value of

101.8 % (reproducible over the triplicate repeats).

Fluorescence (dR)

Figure4.7: Amplification Plot ofNotch 3Plasmid Serial Dilutions
Fluorescence data from MxPro software showing the
amplification from different starting levels of Notch 3 plasmid|in
different colours: Blue represents 300,000 copiesd (30,000
copies), green3,000 copies), grey (300 copies) and yellow K30
copies). A constant distance (4 cycles) between each fluoresgence
amplification plot indicated a good serial dilution.
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Figure4.8: Standard Curve of Nott 3 Plasmid (Ct Value versu
Original Copy Number)The efficiency of the gPCR reaction was
101.8% (calculated from slope8.279 log (X)) and the RSf)(R
value was 0.996 (ideal reaction > 0.95). The data points wgre
close to the line and a good fit).

This data showed a good relationship between the starting copy number in
the serial dilutions and the fluorescence obtained in gPCR. This was then used
to calculate the relative copy number in unknown experimental samples from
the Ct values obtained. Theéasdard curve for Notch 1 was similar (data not

shown).

A series of gRIPCR experiments were run using mRNA extracted from HaCaT
cultures grown under different conditions for different lengths of time (see
Chapter 2for details). These were run togetheiith a standard dilution series

of cloned Notch 1 or 3 plasmids of known copy number. Experiments were
conducted in triplicate and different sets of HaCaT cultures used as the level

of differentiation in any given culture was variable. The data were aadly
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with MxPro software and different statistical packages (including Tukey
Kramer Multiple Comparison Test and Gmay Analysis of Variance or

ANOVA).

Overall, Notch 1 was expressed at a constant level in keratinocyte cultures
and there were no significant differences between levels during cell
proliferation and terminal differentiation. Thudew changes in Notch 1
expression were detected during caleitinduced HaCaT cell differentiation in
culture. This broadly agreed with early results obtained by standard PCR and
protein chemistry (Paul E. Bowden, unpublished data). However, previous
experiments using Notch 1 antibodies (for immunofluorescence anstexe
blotting) produced variable results and consistently poor data, probably due
to low levels of expression and the fact that only poor antibodies were
available. Thus, we concluded that there wéesv changes in Notch 1 levels

of expression during ketimocyte differentiation in HaCaT cultures.

However, the data for Notch 3 did show some alterations during the culture
period. The qPCR experimental data was analyzed by INSTAT software in two
different ways. The level of expression was initially catedlan relation to

copy number and then any alterations in expression level were calculated as

fold change relative to the starting point (day 3 culture). This produced
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different levels of significance in the data but the trend remained the same

(Tables4.6to 4.8).

The copy number varied between the different experiments but the data was
reasonable between triplicates done within a single experiment (data not
shown). In general, Notch 3 levels increased as calanglonced
differentiation proceeded withlevels being much higher after calcium shift
(samples 6D+3, 6D+6 and 6D+10). While cultures left for 16 days in low
calcium did show induced differentiation (due to contact inhibition), levels of

Notch 3 were not as high as those seen in the presencelatioa (Table 46).

Table4.6: Raw qPCR DatgCopy Number)or Notch 3
Gene ExpressionData obtained from qPCR experimen(s
run four times and each samples was run in triplicelte
using same cDNA of HaCaT cells. Data expressed as|copy
number relative to the standard dilution series of clongd
Notch 3 PCR produdiotch 3levels generally rise itin
calciuminduced differentiation but the data wag
variable between different cultures.

| Experiment| 3D [ 6D [ 16D | 6D+3 | 6D+6 | 6D+10]
1,280 765 4,864 9,312 7,998 5554
8,787 785 6,880 23,970 16,190 10,640
4,465 644 2,935 15410 11,510 9,751
4,347 947 2,130 16,600 10,790 20,690

4,719 785 4,202 16,323 11,622 11,659

The data was also expressed as fold change relative to day 3 (3D) cultures
(Table 47) and Notch 3 levels varied from 1.21 to 7.28 fold higher in

differentiating culturesHowever, this did vary from culture to culture.
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Table4.7: Raw qPCR Data fdfotch 3Gene Expression.
Data obtained from gPCR experiments run four times
(each gPCR sample in triplicate using cDNA of HaCaT
cells). Fold change of Notch 3 expression levels dur.ng
calciuminduced differentiation of HaCaT cell cultures.
All data is relative to the expressicevkl at day 3 in low
calcium (3D).

1.00 0.60 3.8 7.28 6.25 4.34
1.00 0.09 0.78 273 1.84 1.21
1.00 0.14 0.66 345 2.58 2.18
1.00 0.22 049 384 248 4.76
100 0.26 143 433 3.29 3.12

The raw copy number data of all four experiments showiT able 46 was
analysed statistically using the Tuki€gamer Multiple Comparison Test and a
comparison done between day 3 (low%acultures (3D) and cultures at all
other time points (6D, 16D, 6D;+8D+6 and 6D+10), as well as some other
additional comparisons were madédble 48). The increase in Notch 3
expression was highly significant (p<0.001) when comparing 6D (6 days in low
Ccd" to 6D+3 (3 days after switch to high®aThe data was lessgnificant
when comparing Notch 3 levels in day 3 or day 16 low calcium cultures
compared to any cells in high €46D+3, +6, +10). This suggested that Notch

3 levels were initially high, decreased as cells proliferated and then increased
again as cellserminally differentiated Table 48). The derived fold change
data was also analysed using the Tukegmer Multiple Comparison Test.
Changes in Notch 3 expression were even less significaig 49) and in

fact, only the comparison between 6D and 6D+3 gave a significant change (4

fold, p>0.05).
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This data was then plotted as a bar chart to summarize changes in Notch 3
levels that occurred during the HaCaT cell culture experimdfitpufes 4.9

and 410).

Table4.8: Statistical Comparison of Notch 3 Levels (Cdyymber) at
Different Stages of HaCaT Culturdalues of Q> 4.495 are significant
(p < 0.05¢coloured in red and asterisks designate significance level.

|___Comparison | Mean Difference | Q[ Pvalue |
3934.5 1.899 ns P>0.05
517.50 0.2498 ns P>0.05
-11623 5.611 ** P<0.01
-6902.3 3.332 ns P>0.05
-6939.0 3.350 ns P>0.05
-3417.0 1.650 ns P>0.05
-15558 7.511 % P<0,001
-10837 5.232 * P<0.05
-10874 5.249 *  P<0.05
-12141 5.861 ** P<0.01
-7419.8 3.582 ns P>0.05
-7456.5 3.600 ns P>0.05
4721.0 2.279 ns P>0.05
4684.3 2.261 ns P>0.05
-36.750 0.01774 ns P>0.05
Table 4.9: Statistical Comparison of Notch 3 Levels at
Different Stages of HaCaT Culture (Fold Changlues of Q
>4.495 are significant (p < 0.05loured in red.
|__Comparison | Mean Difference| Q[ Pvalue |
0.7375 0.9811 ns P>0.05
-0.4325 0.5753 ns P>0.05
-3.325 4.423 ns P>0.05
-2.288 3.043 ns P>0.05
-2.122 2.823 ns P>0.05
-1.170 1.556 ns P>0.05
-4.062 5.404 *  P<0.05
-3.025 4.024 ns P>0.05
-2.860 3.805 ns P>0.05
-2.893 3.848 ns P>0.05
-1.855 2.468 ns P>0.05
-1.690 2.248 ns P>0.05
1.037 1.380 ns P>0.05
1.203 1.600 ns P>0.05
0.1650 0.2195 ns P>0.05
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Initially, the levels of Notch 3 decreased as the cultures proliferated and
expanded. However, even in the absenoé calcium, levels of Notch 3
returned to day 3 levels in 16 day cultures that were confluent, stratified but
disorganised. Levels were significantly higher in all cells that had
differentiated in the presence of high calcium levels, cultures that shoaved

much higher level of cellular organisation.

Notch 3 Expression in HaCaT Ce
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Figure4.9: Notch 3 Expression (Transcript Copy NumbiarHaCaT Cells
during Calciurinduced Differentiation. No significant changes
occurred In low calcium medium (3D, 6D, 16D) but significant increasps
were observed in differentiating cells (6D+3, 6D+6, 6D+10) especiallyjat
3 days after introduction of high calcium (significance relative to 3D: *
p<0.05 and ** = p< 0.001).
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Figure4.10: Notch 3 Expression (Fold Change) in HaCaT Cells during
Calciuminduced Differentiation.No significant changes in copy number
were detected in low calcium medium (3D, 6D6D) and the only

significant increase observed in differentiating cells occurred 3 days aftqr
the switch to high calcium medium (* p<0.05).

4.3 Expression of Notch Ligands (DLL1, JAG1 and
JAG2) in HaCaT Cells

The expression of three Notch ligands (DLAG1Uand JAG2) was investigated
in the HaCaT cell culture model. Cells were induced to differentiate with high
calcium levels and the expression between proliferating cells and terminally

differentiating cells compared using PCR and qRCR.
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Initially, seveal DLL1 primers were designed and tested in the laboratory so
that an optimum set could be developed (seBable 410). Several
experiments were done to obtain PCR products from the different DLL1
primer pairs using both genomic DNA (gDNA) and cDNA obtained by reverse
transcription of total RNA from the relevant HaCaT cell cultures. Standard
PCRs with all primer pairs veerun at 58°C (annealing temperature) and 35

cycles.

Table 4.10: Sequence of Delta 1 likeDLL) Primers. Initially, three
primer pairs were designed and synthesised (pl, p3 and p5 forward
primers and p2R, p4R and p6R revgrseers). Product sizes were: 382
bp for p1+p2R, 267 bp for p3+p4R and 254 bp for p5+p6R.

[5- AGA CGG AGA CCA TGA ACA AC-31Exon 9
[5-TCC TCG GAT ATG ACG TAC AG3' Exon 10

[5- GCC GCT GTT CTAAGG AGA GA-371 Exon 1
[5-TGG CCT GGT AGT GCT TGA GG3'] Exon 2

[5-TAT CCG CTATCC AGG CTG TG3'] Exon 6
[5-CTC CCT CCGTTC TTA CAA GG3'] Exon 7

Earlier work with two DLL1 primer pairs (p3, p4R and p5, p6RPOIA from
proliferating HaCaT cells (D3 and D6) showed that two bands of different size
were obtained with both primer sets while the K14 control primers gave a
single band Kigure 4.1). All samples were sequenced and both products
were from the correctegion of DLL1. However, the upper band was amplified
from gDNA and included intron sequences while the lower band was amplified

from cDNA. This indicated that the total RNA preparations of HaCaT cells were
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contaminated with some gDNA. However, the K14 pandid not produce a
gDNA band but a single band of the correct size for cDNA even thought the
primers were across an intron. The only possible explanation is that K14
MRNA (and therefore cDNA) was abundant in the samples and the cDNA binds
the primers wdl, so there would be little chance of binding to gDNA. DLL1

primers on the other hand bind poorly to cDNA and levels were low so binding

to gDNA was more likely.

D3 D3 D6 D6 D3 D6

DLL1 Primers

o o
© O
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254bp  267bp  254bp

Figure4.11: DLLIPCR with cDNA from HaCaT Cellwo different
primer pairs used (p3 + p4R, p5 + p6R). Lanbs t&0 bandy
present (upper gDNA, lower cDNA). Lane 6: K14 positive cgntrol
(single band). Lanes 2, 7: no products (NR). Lane 1 (M)] DNA
YI N)] SNJ 6. - mTwa HaBaT lextr&cts erel ewamined {D3,
D6: cells grown in low calcium KGM for 3 and 6 days respectiyely).
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These early total RNA extracts from HaCaT cells were discarded due to
genomic DNA contamination and later extracts were treated with DNase to

remowe any genomic DNA. The stock RNA samples together with the derived
cDNA samples were then quality tested by PCR with K14 primers before use

(seeChapter 3Figures 3 & 3.7).

A second problem was that the sizes of standard PCR products were too big
for gPCR, so another set of primers was made and teStedl¢4.11). Several
combinations of DLL1 primers were tested using the new primers and the
original primers Figure 4.12 on a sample of cDNA from differentiating HaCaT
cells (6D+10). Two combinations gave products that were still too large for
gPCR (p1+p8R: 342 bp and p7+p2R: 166 bp) but p7 and p8R gave a single
product (126 bp) ideal for gPCR. This experiment also indladsample of
genomic DNA that produced a larger band in each case due to the presence of
intervening introns. Generally, very little gDNA contamination was noted in

the cDNA samples but a faint band could be seen with the new primer pair

(p7, p8R).

Tale 4.11: Delta 1 like DLL) Primer SequenceDLLDp7 is a forward primer

in exon 9 whileDLLDP8R is a reverse primer in exon 10. The product size
generated was 126bp (all primers designed by Dr. P.E Bowden, Cardiff
University).

[5- ACA GCA AGC GTG ACA CCA AGT GCG3 Exon 9
[5-TTG AAG TTG AAC AGC CCG AGT CCG3'] Exon 10
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gDNA cDNA ||gDNA cDNA |(|gDNA cDNA |[gDNA cDNA

Figure4.12: DLL1IPCR Products using gDNA and cDNA fjom
HaCaT Cells (D4+10pifferent primer pairs (as shown [n
green) were tested on a gDNA sample and on HaCaT dgrived
cDNA. Product sizes were 382 bp, 342 bp, 166 bp and 126 bp
for cDNA and 508bp, 467bp, 291bp and 251bpdDNA (a;
shown in yellow)M (marker)s EmTn 5b! bl S LLL®

The new primer pair (DLL1p7, p8R) was then used for PCR with a full set of
HaCaT cDNA samples, representing all stages of the culture model from
proliferation to differentiation. A single sgofe of gDNA was also used as a
control for genomic contamination. The PCR was run at 58°C (annealing) and
35 cycles after which the samples were analysed on a 1.5% agaroséggeé (
4.13). DLL1 amplicons appeared to be uniform throughout the samples and
little difference was observed between levels during proliferation (low
calcium) and differentiation (high calcium). The cDNA product (126 bp) was
predominant but low levels of a gDNA product (251 bp) were visible indicating

a very low level of gDNA comténation.
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M gDNA D1 D4 D14 D4+3 D4+6 D4+10

Figure4.13: PCR withDLL1Primers on cDNA from HaCaT
Cell Cultures PCR products were analysed on a Jr5%
agarose gel and visualised with ethidium bromide undej UV
light. A gDNA control samplgave a single band (251 Hp)
while cDNA samples produced a smaller product (126|bp).

All PCR products were sequenced to confirm identity M

6alNJSNO ' . -wmTtn 5b! b 1S LLL®

The effect of altering the PCR cycle number (35, 30, 28 and 25 cycles) was
then exanined using the another DLL1 primer set (p1 and p2R: cDNA product
size 382 bp). The expression was variable at all cycle levels tested and as
expected the amount of total product faded as the cycle number reduced
(Figure 4.14. This was repeated with themsller primer set (p7, p8R) but

unfortunately the products were too faint to seddta not shown).
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D4+3 D4+6 D4+10

35 Cycles

30 Cycles

28 Cycles
25 Cycles

Figure4.14: PCR withDLL1Primers on cDNA from HaCal
Cells.PCR was varied (25, 28, 30, 35 cyclasdisated) and
products were analysed on 1.5% agarose gel. DLL1 expregsion
varied a little between samples (D1, D4, D14 low calcigm

cultures and D4+3, D4+6, D4+10 high calcium cultures)} As
expected, the product quantity decreased with cycle numbjr
(anneaing temperature remained constant).

Previous studies on DLL4 suggested that it was not expressed in human
epidermis and a standard PCR was conducted to confirm this earlier
observation. Several DLL4 primer pairs had been designed for earlier research
projects in the departmentTable 4.2) and one pair (DLL4p5 and p6R) was

selected for the experiment.
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Table4.12: Sequence of Delta Like DLLJ Primers.Three sets of primers were

made for DLL4 (pl1 + p3R, p4 + p2R, p5 + p6R). The product sizes were 241bp,
257bp and 522bp respectively. All primers were designed by Dr. P.E. Bowden
(Cardiff University) and synthesised by Sigma.

Primers Sequence

DLL4 pl1 [5-TGACCACTT CGG CCACTATG3] Exon 4
DLL4 p3R [5- CAC AAG TAC ATT GCC AGG GAG TGG3 Exon 6

DLL4 p4 [5- AAG CTA CAC CTG CAC CTG TCG31] Exon 7
DLL4 p2R [5- AGT TGG AGC CGG TGA AGT TG3'] Exon 8

DLL4 p5 [5-TAC ACC GAC CTC TCC ACA GAC ACG3' Exon 9
DLL4 p6R [ 5- ACA CAG ACT GGT ACA TGG AGT CCG3'] Exon 10

DLL1 and DLL4 were only weakly expressed in human epidermis so in order to
clone a strong PCR product, a good source of cDNA was sought. As DLL1 was
strongly expressed in human pancreas, PCR reactions were done with DLL1
and DLL4 primer pairs on cDNA from both pancreas and human epidermis
(pancreatic cDNA was purchased and epidermal cDNA made in the
laboratory) The products were run on a 1.5% agargsétogether with a K14
control (Figure 4.1% The DLL1 product was the same size for both epidermal
and pancreatic cDNA (382 bp) but the latter was cleaner. The products from
the DLL4 PCR were not the same size, the epidermal product (230 bp) being

smalle than the pancreatic product (522 bp).
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HK14 DLL1

H.P Human Human
Epidermis Pancreas

Figure 4.15: PCR with DLL1 and DLL4 Primers on cPNA
from Human Epidermis and PancreaBroducts were rur
on a 1.5% agarose gel. K14 primers (HK14p55, p$6R)
produced no product in pancreas (negative contr@).L1
primers (pl, p2R) produced a similar sized band (382]bp)
with epidermal and pancreatic cDNA. Howevdd] L4
primers (p5, p6R) produced different sized ogucts
(epidermis, 230bp and pancreas, 522bp). M (marken =

-mTn 5b! b IS LLL®

All of the PCR products were sequenced and while DLL1 products were
correct, only the larger DLL4 product from the pancreatic cDNA was correct.
The smaller product from thepidermal cDNA was a partial sequence only.
Thus, only the DLL1 product was used to make a set of serial dilutions for
gPCR. While DLL4 was strongly expressed in human pancreas, little was found
in human epidermis. The DLL4 PCR was repeated with ancdneple of
human epidermis and cDNA from HaCaT cells but again no bands were
detected except in the pancreatic cDNA&igure 4.18. This observation

concurred with published research and other work in the laboratory (Dr. Paul
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Bowden, unpublished data) thatdicated that very little, if any, DLL4 was

expressed in human epidermis. Thus, the investigations into DLL4 expression

were halted.

M HK14 DLL4 DLL4 DLL4 DLL4

1009 b
830 bp P
=g =S

— L

C19 H.E H.P HaCaT C19

Figure 4.16. Analysis of PCR Products with DLL4 Primdrs.
PCRs (58°@nnealing and 35 cycles) with DLL4 primers (o5,
p6R) were run on human epidermis (H.E), human pancfeas
(H.P), HaCaT cells and gDNA (C19) together with a| K14
control. Human epidermis and pancreas produced band$ of
different sizes (230 bp and 522 bp) and pooduct was
obtained from HaCaT cells (gDNA products were 830 by for

YmMn FYR mnnd oLI F2NI 5[ [no¢ a bal NS
Il

A summary of all the data for DLL1 and DLL4 analysed by standard PCR
showing expression in different samples such as humadeemis, human
pancreas and HaCaT cell cultures is shownhaiole 4.B. DLL1 was made the

main focus for the research on HaCaT cell cultures and no further work was

done with DLLA4.
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Table4.13: Summary oDLLlandDLL4data experiments was conducted using
standard PCR.

Human Human

SUIEE Pancreas | Epidermis paCal

Strong Strong Faint Strong
Strong ? ? Strong
Good ? ? Good
Good ? ? Good
Strong ? ? Strong
Strong ? ? Strong
Strong Strong ? No Band
Strong Strong ? No Band
| DLL4 (p5, p6R]

D]NRN(ISMeIY *  Strong Strong Wrong size No Band

The optimum DLL1 primer pair was used to generate a good PCR product for
ligation into the pGEM easy vector and subsequent bacterial cloning. DLL1
PCR amplicons were sequenced to confirm their identity prior to use and then
the inserts ligated into separate pGEMeasy vectorss€e Chapter 2 for

details of the method$.

Once ligated into the pGEMW easy vectors and cloned, the relevant bacterial
clones were grown in batch culture and the plasmid carrying the vector and
insert isolated. Six clones were selected for each insert and the plasmids
extracted using a Qiagen miplasmid kit (details in methods chapter). The
DLL1 inserts were released from the pGEMasy vectors by digestion with

Eco RI, and the products were run on a 1.5% agaros€&igekrés 4.17)
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M Plasl Plas2 Plas3 Plas4 Plas5 Plas6

DLL1
Inserts

Figure 4.17: Gel Analysis of Cloned Plasmids cut wif]
EcoRI to Release the pGEMvector and DLL1 InsefThe

PGEMT easy vector (3015bp, in green) lies at the top Jof
the gel and theDLL1linsert (126bp, in yellow) belowAll
plasmids (Plas6) were sequenced to confirm thq
presence ofDLLland me was selected to make a serigl
dilution series. M (marker) = low molecular weight mix.

-

The concentration of stock DLL1 plasmid DNA (0.4 ng/ul) was determined by
spectrophotometic analysis. The standard dilution series was made as before
(see Chapter 2for details). Initially, the mass (m) of a single plasmid was
calculated (depends on size of vector plus insert in bp). This was-B34ge

for the DLL1 stock plasmid. The mass300,000 copies of the plasmid can
then be calculated (1.032&2) and the concentration of plasmid required
determined (2.1el3 g/pl). This allows calculation of the dilution required to
make a total of 100 ul at 300,000 copies per 5 pl (add 45.65 pl sbask.35

pl sterile water). From the initial accurate plasmid dilution, a series can be

generated by diluting the 300,000 copy stock serially by 1:10 abte 4.14).
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Table 4.14: Dilution Series for DLL1 Cloned PCR Prodiitie stock plasmid (0.#
ng/ul) was diluted to 1 in nitially and this was diluted to 300,000 copies per 5|ul.
A 1 in 10 series dilution was then made and dilutions 4 to 8 were used for PCR
experiments (sterile nuclease free water was used as the dijuen
Dilution Source of Initial Conc  Volume of Volume of Final Vol ~ Final Conc Resulting
Plasmid DNA (g/ul) Plasmid Diluent (pl) () (g/ul) Copy #
DNA (pl) per 5 pl
G Vi Vo G
1 Stock 4.6e7 10ul 990pl 1000yl 4.669 N/A
2 Dilution 1 4.689 10ul 990pl 1000p  4.6e1l N/A
8 Dilution 2 4.6e11 10pl 990l 1000pl 4.6e13 N/A
4 Dilution 3 4.6e13 45.65p 54.35l 100y 2.1e13 300,000
5 Dilution 4 2.1e13 10l 90ul 100y 2.le14 30,000
6 Dilution 5 2.1e14 10l 90ul 100yl 2.1e15 3000
7 Dilution 6 2.1e15 10ul 90pl 100pl 2.1e16 300
8 Dilution 7 2.1e16 10ul 90pl 100pl 2.1e17 30

The amplification plot from the qPCR of the dilution series of DLL1
plasmids showed well spaced fluorescence curves and Ct values-of 18

32 cyclesKigure 4.18.

The standard curve that was generated from this gPCR data was a
reasonable straight line fit with an efficiency of 100.6% and an R$q (R

value of 0.990Kigure 4.19.
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Fluorescence (dR)
8 8 g 8 8

Figure4.18: Amplification Plot ofDLL1Plasmid Serial DilutionData
calculated by MxPro Software. Each fluorescence curve represe
different DLL1copy number (blue line: fluorescence with 300,0
copies red: 30,000; green: 3,000; grey: 300 and yellow: 30).

distance between eacfliuorescence amplification plot was constant

(about 4 cycles starting at 18 cycles) indicating the PCR reactior
efficient. Ct values represent the cycles at which the fluoresce
crosses the thresholfkach pointaverage of 3 measurements

Nts a
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The
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nce

3000 Copies

300 Copies

3,000 Copies

30,000 Copies

Ct (dR)
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[$2Ke) BN
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300,000 Copies
18 T T T T

2.40E+01 2.40E+02 2.40E+03 2.40E+04 2.40E+05
Initial Quantity (copies)

Figure 4.19: Standard Curve oDLL1Plasmid Dilution SeriesCt
values plotted against copy number and efficiency of PCR reagti
estimated as 100.6% (calculated from slog@308 logX). Rsq IR
value was 0.990 indicating data was clésdinear. Note scale on-x
axis does not signify copy numbéy-axis) data but an arithmetic
range.
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The DLL1 plasmid dilution series was then used to estimate copy number
levels of DLL1 in various stages of Ha€&lTculture. The qPCR data showed
that DLL1 levels were low, variable from culture to culture and that no
significant alterations were found between proliferating cells and those that
were undergoing terminal differentiation. This was true for the copynber

data(Figure 4.20and the data expressed as fold change(re 4.2}.

DLL1
8000

7000
6000 -
5000 -
4000 -+

3000 -
2000 +
1000 + l:
0 A T T T T T
3D 6D 16D

6D+3 6D+6 6D+10
Low High Ca

HaCaT cDNA

m Copies*

Copy Number

Figure 4.20: DLL1 Gene Expression in HaCaT Cells durifig
Calciuminduced Differentiation DLL1gene expression (copy
number) was measured by gqPCR. Data for 3 experimenfs
showed no significant change due to a wide variation in levels
detected between different experiments. There was ar
average trend as shown but no significant increases @r
decreases.

Therefore, in conclusioDLL1 expression levels were low and while some
changes appeared to take place during HaCaT keratinocyte proliferation or

differentiation, none of these were statistically significant. This was probably
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due to the low transcript levels and variable resuietween different culture
experiments. Expression of DLL1 at the protein level using western blotting
was also inconclusive due to weak expression and the poor quality of

antibodies available at the time this research was dategd not showr).

DLL1
1.20
g 1.00 +—
8 Fold Change
S 080 |
8
o
£  0.60 +—
(0]
(o))
c
& o040} —0 0 0
o
k=)
o
L 020 +— — — — — 1 —
0.00
3D 6D 16D 6D+3 6D+6 6D+10
Low Ca High Ca
HaCaT cDNA

Figure 4.21: DLL1 Gene Expression in HaCaT Cells durihg
Calciuminduced Differentiation. DLL1 expression (fold
change) was measured by gPCR in 3 experiments. The
average data showed variation in fold change betwegn
cultures but none of the data reached significance.

Statistical (INSTAT version 1.0) software was used to analyse the gPCR data
but no significant changes could be fou(ilable 4.5). The data was also
analysed a different way, comparing fold change using the Fdkamer

Multiple Comparison Tesf&ble 4.5). This also showed no significant change
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in DLL1 expression even when the largest changes (3D versus 6D+10) were

considered.

Table 4.15: Statistical Analysis of DLL1 Expression
Data. Values of (>4.495 significant (p<0.0But no
data reached this value in any of comparisons made
in relation to copy number

|_Comparison | Mean Difference] Q| P value
651.33 0.2816 ns P>0.05
4088.3 1.768 ns P>0.05
2967.3 1.283 ns P>0.05
2525.7 1.092 ns P>0.05
5202.0 2.249 ns P>0.05
3437.0 1.486 ns P>0.05
2316.0 1.001 ns P>0.05
1874.3 0.8105 ns P>0.05
4550.7 1.968 ns P>0.05
-1121.0 0.4847 ns P>0.05
-1562.7 0.6757 ns P>0.05
1113.7 0.4816 ns P>0.05
-441.67 0.1910 ns P>0.05
2234.7 0.9663 ns P>0.05
6D+6 vs 6D+1 2676.3 1.157 ns P>0.05

Table 4.16: Statistical Analysis of DLL1 Expressipn
Data. Values of Qgreater than 4.495 are significar
(p<0.05) butno significant values were found in any

of the comparisons made in relation tbLL1fold

Comparison | Mean Difference] Q| P value |
3D vs 6D 0.1867 04224 ns P>0.0%
3D vs 16D 0.4767 1.079 ns P>0.05
3D vs 6D+3 0.2400 0.5431 ns P>0.0%
3D vs 6D+6 0.1333 0.3017 ns P>0.0%

3D vs 6D+1 0.6833 1.546 ns P>0.0%5
6D vs 16D 0.2900 0.6563 ns P>0.0t
6D vs 6D+3 0.05333 0.1207 ns P>0.0%
6D vs 6D+6 -0.05333 0.1207 ns P>0.0t

6D vs 6D+1 0.4967 1.124 ns P>0.0%5
16D vs 6D+ -0.2367 0.5356 ns P>0.0t
16D vs 6D+ -0.3433 0.7770 ns P>0.05
16D vs 6D+10 0.2067 0.4677 ns P>0.0t
6D+3 vs 6D+4 -0.1067 0.2414 ns P>0.0t
6D+3 vs 6D+ 0.4433 1.003 ns P#®.05
6D+6 vs 6D+ 0.5500 1.245 ns P>0.05
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Also, several statistical tests were used to analyse the results but the outcome
was the same. These included Tuk&wmer Multiple Comparison Test and
Oneway Analysis of Variance (ANOVA) but none ofpiteelicted values were

significantly changed when comparing any cultures (low or high.Ca

Overall, the DLL1 gene was expressed at a constant level in keratinocyte
cultures when examined by standard PCR. Similar results were obtained with
gPCR in that ncsignificant change in DLL levels could be found when
comparing proliferating cells and differentiating cells. Previous experiments
done on DLL1 expression at the protein level in epidermal tissue were also
inconclusive due to a lack of good antibodiestts time this research was
done. This was true for western blotting and direct immunofluorescence on
cultured cells. Thus, the current research strategies have failed to reveal any
significant information regarding DLL1 expression in HaCaT keratinocyte

cultures.

Two other notch ligands, JAG1 and JAG2 had been investigated at the proteins
level with some success and the current project was done to examine
expression at the mRNA level. JAG1 and JAG2 primer pairs had already been

designed and were available ihe laboratory (sequences givenTiable 4.7).
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Table 4.17: Sequence of Oligonucleotide Primers for JAG1 and JASP.
primers were designed by Dr. P.E. Bowden (Dermatology Department, Cardiff
' YAGSNREAGRO P are keReisd prifeysRQligoAUCIéBidE primers | in
dark red were only used for standard PCR while the primers in green were
used in qPCR.

Primers Sequence

Jaglp7 w ¢GAT ATA CGG GAT GAT GGG AAGEQ®B 9

Jaglp8R w ¢ATC CTT GAT GGG GAC CGT GTddcG6 9
9
9

i
Jaglpll @ GPAQC CTAATC CCT GCC AGA ACGOQAIB 9 |
Jaglpl2R ¢ CpTCA GGT GTG AGC AGT TCT TG@GTE 9 E
Jag2pld [5-AGG ATG AGG AGG ACG AGG ATGTE®N 26
Jag2p9R & CICDA CTC CTT GCC GGC GTAGO®
Jag2pllR  [5-GCC TCA TTG ATG CTC CTGME®N 26

One primer pair (Jaglp7 and p8R) was designed across exons 25 and 26 and
produced an amplicon of 356 bp with a cDNA template. This was used to
detect expression of Jagged 1 (JAG1) in a standardH®@Rver, this was too

long for use in qPCR so another primeair was made (Jaglpll and pl2R)
within exon 13 producing a smaller fragment (102 bp) with a cDNA template,

ideal for gPCR.

Two sets of Jagged 2 primers had previously been used for standard PCR. One
primer pair (Jag2pl4 and p9R) was designed from exon 212 (G KS 0Q
coding region of the Jagged 2 (JAG2) gene and produced an amplicon of 240
bp with a cDNA template. The other pair were made within exon 26 (Jag2pl4
and pllR) and produced an amplicon of 168 bp with a cDNA template,
sufficient for gPCR.
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JAG1 and JAG2 expression in HaCaT cells during proliferation (f3wa6a

differentiation (high C%) was examined using the larger primer sets by

A0FYRINR t/w 6cnx/ FyySEttaiy3

YR op O@

on a 1.5% agarose gel and the DiNgualised on a UV light bokigure 4.22.

JAG1 showed strong bands throughout the whole range of HaCaT cell culture

and similar levels were detected during proliferation (low ?*Taand

differentiation (high C&). No genomic contamination was detecte this

gel.

4D 14D A4D+3 4D+6 4D+10

Figure4.22: JAG1Expression in HaCaT Cell§14 (p55,
p56R) used as control (single band of 266 bp, in blu
JAG1 (p7, p8R) produced a single amplicon (356 bp
green) with cDNA from HaCaT cells. JAG1 expression
similar in all samples: 1D, 4D, 14D, 4D+3, 4[2h@,
4D+10. Analysis on 1.5%agse gel (DNA marker: M 35

,EmTn b IS LLLO® . FYyR&

bromide/UV light. All PCR products were sequenced
confirm identity as JAGZPCR performed by Mary
Cleaton and shown courtesy of Dr. P.E. Bowdgardiff
University).

(D
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The resuls were similar for JAG2 with approximately equal expression in low
calcium cultures (proliferating cells) and high calcium cultures (differentiating

cells). The PCR products were analysed on a 1.5% agarobeyges ¢@.23.

4D 14D 4D+3 4D+6 4D+10

Figure 4.23: JAG2Expression in HaCaT Cells14 (p55,
p56R) used as control (single band of 266 bp, in blye).

JAG2 (pl14, p9R) produced a single amplicon (280 bg, in
green) with cDNA from HaCaT cells. JAG2 expression|was
similar in dl samples (1D, 4D, 14D, 4D+3, 4Dafd
4D+10). Analysis on 1.5% agarose gel (DNA marker: [M=

., EmMmTn b 1S LLLO® . I yR3 @A adz t A&
bromide/UV light. All PCR products were sequenced |to

confirm identity as JAG2. PCR was performed by Mpry

Cleatonand shown courtesy of Dr. P.E. Bowden (Cardiff

University).

JAG1 and JAG2 PCR products were too big for g°PCR, so the other primers were
used. However, it was necessary to optimize these primer pairs before
starting gPCR experiments. A summary agarasewpas run to show the

products produced under optimal primer concentratiofsgure 4.24.
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M HK14 JAG1 N3 HK14 JAG1 N3
fec—3 4 5 6

So—5o

Figure4.24: Analysis ofJAGIPCR Products (fully optimized) fron
HaCaT Cell cDNA by Agarose Gel Electrophoréizgle PCH
amplicons were observed witbDNA from HaCaT cell$-3: low
calcium, D16 and-8: high calcium, D6+6K14 primers (p55 &
p57R) gave 112 bp product (marked arange), JAG1 primerp
(p11, pl2R) gave 102 bp product (yellow) and Notch 3 (N3)

primers (pl, p4R) also gave 102 bp product (blue). Levels of [K14,
JAG1 and N3 were similar in both samples examined. Analysig was

—

ona 3% NuSieve + 1% agarose(B™A markerM=. EmTtn b | I S
) and bands were visualised with ethidium bromide under UV
light.

The JAG2 primer pair intended for gPCR (p14 & pllR) was also used with
cDNA from various HaCaT cultures in a standard FgRré 4.2% Again

similar levels were seen in proliferating and differentiating cells.

The JAG1 and JAG2 PCR amplicons were sequenced to confirm their identity
and then the inserts were cloned into separate pGEMasy vectors (see
methods chapter for details). ®BR samples were selected for cloning as

before. However, JAG1 cloning was problematic even though the PCR product
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was strong, ligation into pGEM€asy and cloning gave the wrong product.

This was repeated without any problems. JAG2 worked well.

M D2 DA4+1 4D+3 4D+10
—

Figue 4.25. JAG2PCR Products with cDNA from HaCalr
Cells Analysed by Agarose Gel ElectrophoresinG?2
primers (p14 &11R) produced a single PCR amplicon (1p8

bp) with cDNA from HaCaT cells. Levels of JAG2 expresgsion
were similar in all samples examined (low calcium: D2 ahd

high calcium: D4+1, D4+3 and D4+10). Analysis was don¢ on
a 3% NuSieve + 1% agarose (@MNA markr: M=, EmT n| b
Hae Ill) and bands were visualised with ethidium bromide
under UV light.

Once ligated into the pGEW easy vectors and cloned, the relevant bacterial
clones were grown in batch culture and the plasmids carrying vector and
insert isolated. B clones were selected for each insert and the plasmids
extracted using a Qiagen mini plasmid kit (detail<Cimapter 2. JAG1 and
JAG?2 inserts were released from the pGEMasy vectors by digestion with
Eco RI, and the products were run on a 1.5% agages Figure 4.26 JAG2

data only).
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M Plasl Plas2 Plas3 Plas4 Plas5 Plasé6

—— R ——— B

CERY

Inserts

Figure 4.26. Analysis of JAG2 Plasmid Digests by Gel
Electrophoresis.Cloned JAG2 plasmids (Plag)lwere
digested with EcoR1 and run on 1.5% agarose gel. The
PGEMT easy vector is larger band (3015 bp) and th
lower band (168 bp) is JAG2 insert. Plasmids 1, 2, 4 5
and 6 were selected and sequenced to confirm JAG2
identity. M (DNA marker): low molecular weight miX
(755 bp- 21 bp).

\1%4

Bacterial clones containing plags were stored as glycerol stocks-gtn ¢ /

and isolated plasmid DNA was storectatn ¢ / @ hy S LJX F AYAR &I &
based on the quality of the insert (Plasmid 3 for JAG1 and plasmid 6 for JAG2)

and a set of serial dilutions (300,000 to 30 copies) wasale for the gPCR

experiments Tables 4.8 and 4.19. Also see€hapter Zor further details).
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Table 4.18: SerialDilutions of JAG1 Plasmid 3 for gPCR StandaRisrile
nuclease free pO was used as the diluent.
Dilution  Source of Initial Volume of Volume Final Final conc. copy#
plasmid Conc. plasmid of Vol. (ul) (g/ul)
DNA for (g/ul) DNA (ul)  diluents
dilution ()
G V1 \ G
1 Stock 7.2e7 10ul 990yl 1000pl 7.2e9 N/A
2 Dilution1 7.2e9 10pl 990ul 1000p! 7.2e11 N/A
3 Dilution2 7.2e11 10pl 990l 1000p! 7.2e13 N/A
4 Dilution3 7.2e13 142.35 357.65 500pl 2.049e13 300,000
B Dilution4 ~ 2.049e13 50pl 450ul 500! 2.049e14 30,000
6 Dilution5  2.049e14 50pl 450yl 500pl 2.049e15 3000
7 Dilution6 ~ 2.049e15 50pl 4500l 500pl 2.049e16 300
8 Dilution7  2.049e16 50pl 450ul 500pl 2.049el7 30

The serial dilutions of JAG1 plasmid were initially tested by standard PCR and
analyzed on a high definition (3B&uSieveand 1% agarose) gedtigure 4.27.

The only bands visible were those that started with higher copy numbers.

).

M

300,000 30,000 3000 300

Figure4.27: Analysis ofStandard PCR with JAG1 Plasnid
3 Serial Dilutions. JAG1plasmid 3 dilutions (300,000
copies to 30 copies) weramplified by PCR using JAG1
primers (JAG1pll, pl2R). Products analysed on
NuSieve + 1% agarose gel (WNA marker: EmM T n
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Table4.19: SerialDilutions of Jag 2 Plasmid 6 for gPCR StandaBdetile nuclease
free HO was used as diluents.

Dilution Source of Initial Conc ~ Volume of Volume Final Vol. Final copy#
plasmid (g/ul) plasmid DNA of Diluent (u) conc.
DNA for () (1) (9/ul)
dilution
G Vi \Z G
1 Stock 3.15e7 10pl 990l 1000p! 5e-9 N/A
2 Dilution1 ~ 3.15e9 10pl 990l 1000p! 5e-11 N/A
3 Dilution2  3.15e1l 10pl 990ul 1000pl 5e-13 N/A
4 Dilution3  3.15e13 66.45 33.55 100pl 2.093e13 300,000
5 Dilution4  2.093e13 10pl ool 100pl 2.093e14 30,000
6 Dilution5  2.093e14 10pl ooul 100l 2.093e15 3000
7 Dilution6  2.093e15 1opl ooul 100pl 2.093e16 300
8 Dilution7  2.093e16 10pl ooul 100l 2.093el7 30

The serial dilutions of JAG2 plasmid were initially tested by standard PCR and

analyzed on a high definition (3B Sieveand 1% agarose) getigure 4.23.

The larger product size (168 bp) was visible across the whole range showing

that the dilution seriesvas reliable.

JAG1 expression was measured in HaCaT cultures By@RDoth estimating
the copy numbers of cDNA (and mRNA by inference) and also the fold change

relative to the initial culture conditions (Day3l varies between difference

experiments).
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M 300,000 30,000 3000 300 30

Figure4.28: Analysis ofStandard PCR with JAG2 Plasmid
6 Serial Dilutions. JAG2plasmid 6 dilutions (300,000
copies to 30 copies) were run by standard PCR using JAG2
primers (pl4, pllR). Products were analysed on a B%
NuSieve + 1% agarose gel (WNA marker; EmTn & | | §

Iny.

The JAG1 standard dilution series was run at the same time as the
experimental samples and this data was used to calculate the copy number
from the individual sample Ct values (number of cycles to reach the
threshold). The JAG1 dilution series data waslys®al first and a standard

curve drawn as before.

The amplification plot of the JAG1 dilution seriegy(ire 4.29 showed evenly
spaced curves (fluorescence vs cycle number), shown in different colours for
each dilution (blue = 300,000; red= 30,000; gree 3,000; grey = 300 and

yellow = 30 copies). As the dilution increased, the threshold copy number (Ct
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value) increased and this data was used to calculate a standard curve, Ct

values versus copy numbédfigure 4.30.

Fluorescence (dR)

Figure4.29: Amplification Plot of JAG1Plasmid Dilution Series.
Amplification plots were calculated by qPCR MxPro Softwgre.
Each colour represents the fluorescence values for a differ¢nt
JAG1plasmid dilution: blue represents 300,000 copiesd
(30,000), green (3,000), grey (300) and yellow (30). The distance
between each fluorescence amplification plot was
approximately constant (& cycles). The Ct values are shown for
each curve (blue arrgs). Note: The data is an average of |3
measurements (triplicate samples).

The Ct values for the JAGL1 dilution series ranged from 20 to 33 and this
produced a linear plotRigure 4.3) with an efficiency of 98.7% (ideal =
100%) , an Rsq{Rvalue of 0.97 (ideal = 1.000) and a slope €§.354
log(X) (ideal =3.2 to-3.6). This represents a good standard curve for
JAG1 and this was used to estimate the copy number in experimental

samples from the measured Ct value.
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Initial Quantity (copies)
Figure4.30: Standard Curve of JAG1 Plasmid Dilution Serieq.
The Ct value was plotted against copy number and thge
efficiency of the PCR reaction estimated as 98.7% (calculatpd
from slope:-3.354). The Rsq {Rvalue was 0.997 indicatirthe
data was a close fit to the linear line as plotted. The scale gn

the x-axis does not signify the copy number at each data pointl

30 copies

300 copies

3000 copies

Ct (dR)

30,000 copies

The data from 3 consecutive JAG1 gPCR runs (triplicate) with cDNA from
HaCaT cultures was analysed using this JAGdatdncurve and INSTAT
software. The raw gPCR data was then analysed using different statistical
methods (e.g. Tukel{ramer Multiple Comparison Test and Guay Analysis

of Variance, ANOVA). The JAG1l experimental data was analysed in two
different ways. Irially calculating the level of JAG1 expression in relation to
copy number and then calculating the fold change in expression. Proliferating
cultures (day 3 in low calcium medium) did have a low average copy number
(1,028) of JAGL1 transcript$dable 420). Even though very little if any JAG1

protein was observed in these cells, there was a dramatic increase in copy
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number (38,736) in cells grown for 6 days in low calcium medium. Cultures
that showed distinct stratification and cornification (6D+3 in higlhcioan
medium) showed a further increase in JAG1 copy number (65,406). Both the

individual and average values of the 3 experiments are showialahe 420.

Table4.20: JAG1Gene Expression (Copy Number) during HaCaT Cell Culture.
Data for 3 experiments showed the same general trend with an increase in| K10
expression as the cultures differentiated. There was a significant increage in
copy number as cells differentiated (168D+3, 6D+6 and 6D+10) relative {o
proliferating cultures (3D, 6D).

Experiment 3D 6D 16D 6D+3 6D+6 6D+10

1 800 27,120 15,870 56,280 30,190 34,930
2 455 21,370 13,170 35,240 28,800 42,120
3 1,830 67,720 54,650 104,700 80,630 47,430
Average 1,028 38,736 27,896 65,406 46,540 41,493

In terms of fold change, JAG1 expression increased a cell density increased so
day 6 levels were on average 39.30 fold higher but did fall slightly by day 16
(Table 4.2). Differentiating cells had even higher levels (688 fncrease 3

days after switching to high calcium falling to 48.37 fold at 6 days).
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Table 4.21: JAG1 Gene Expression (Fold ChangeHaCaT Cel
Cultures. JAG1 gene expression increased significantly while

were proliferating (39.30 fold average) but larger increases w
seen as cells differentiated (68.35 fold maximum average). |
change data relative to 3D culture levels and average values
shown in blue.

Experiment 3D 6D 16D 6D+3 6D+6 6D+10 |

1 1.00 3392 19.85 70.39 37.76 43.68
2 1.00 46.97 2895 77.45 63.30 92.57
3 1.00 37.01 29.86 57.21 44.06 25.92
Average 1.00 39.30 26.22 68.35 48.37 54.06

ells

ere

-old
are

Comparisons were then made between leveldAG1 expression at each time

point in the HaCaT culture experiments using the Tukeymer M

ultiple

Comparison TestT@ble 4.2). In all cases when comparing cultures that

showed signs of differentiation with proliferating cultures (either 3D or 6D),

the increases were not significant, as the value of q was always

<4.8. Even

though there was a large difference between JAG1 levels in 3D and 6D

cultures (both low calcium) this was not statistically significant. The cultures

that differentiated generally had igher levels of JAG1 but these were

variable. The largest difference observed (comparing 3D and

almost significant (q=4.714).
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Table4.22: Comparison of JAG1 Expression Levels (Copy Number) in
Different HaCaT Culres. The mean difference in copy number
between the culturescompared was calculated and a @lue
assigned. Where the value d was <8.00, the data was not
significantotherwise as stated below.
-37708 2.761 ns P>0.05
-26868 1.967 ns P>0.05
-64378 4,714 ** P<0.01
-45512 3.332 * P<0.05
-40465 2.963 ns P>0.05
10840 0.7937 ns P>0.05
-26670 1.953 ns P>0.05
-7803.3 0.5714 ns P>0.05
-2756.7 0.2018 ns P>0.05
-37510 2.746 ns P>0.05
-18643 1.365 ns P>0.05
-13597 0.9955 ns P>0.05
18867 1.381 ns P>0.05
23913 1.751 ns P>0.05
5046.7 0.3695 ns P>0.05

Interestingly, the data expressed as fold change in JAG1 expression levels was
significant in comparison to the copy number datalfle 4.3). This was also
analysed using the Tuké§ramer Multiple Comparison Test. Values of q
greater than 4.495 were significant (p < 0.05) with larger values (q=7.255)
being more significant (p < 0.01). The only data that reached significance was
the comparisonbetween early proliferating cultures (3 days in low calcium)

and differentiating cultures in high calcium (6D+3, 6D+6 and 6D+10).
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Table4.23: Comparison of JAG1 Expression Levels (Fold Chahge)
in HaCaT CulturesThe mean difference in JAG1 fold charlge
between certain cultures was compared and where the valu@ of
was greater thar8.495, the difference was significant (p < 0[5
p<0.01 marked in red).

Comparison Mean Difference Q P value

3D vs 6D -38.300 4,126 * P<0.05
3D vs 16D -25.220 2.717 ns P>0.05
3D vs 6D+3 -67.350 7.255 ** P<0.01
3D vs 6D+6 -47.373 5.103 * P<0.05
3D vs 6D+10 -53.057 5.716 ** P<0.a
6D vs 16D 13.080 1.409 ns P>0.05
6D vs 6D+3 -29.050 3.129 ns P>0.05
6D vs 6D+6 -9.073 0.9774 ns P>0.05
6D vs 6D+10 -14.757 1.590 ns P>0.05
16D vs 6D+3 -42.130 4.539 * P<0.05
16D vs 6D+6 -22.153 2.387 ns P>0.05
16D vs 6D+10 -27.837 2.999 ns P>0.05
6D+3 vs 6D+6 19.977 2.152 ns P>0.05
6D+3 vs 6D+10 14.293 1.540 ns P>0.05
6D+6 vs 6D+10 -5.683 0.6123 ns P>0.05

The copy number data for JAG1 expression in different HaCaT cultures was
made into a bar chart that showed the standard deviation (SD) and the
significance relative to 3D culturesrigure 4.3). Low levels of JAG1
expression were found in early cultures in low calcium medium (3D) but this
increase as the cell density increased and JAG1 expression was further
increased in cultures that had stratified and differentiated (6D+3, 6D+6 and

6D+10).
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Figure4.31: JAG1 Gene Expression in HaCaT Cells during Cal¢ium
induced Differentiation. JAG1 expression (copy number) was
measured by gPCR and the data for 3 experiments shown & an
average * Ssignificance relative to 3D sample: * = p<0.05 and| **
=p<0.01).

Expressing the JAG1 data as fold change produced a bar chart with the same
overall trends but higher levels of significancEigire 4.32 The only
increases that were significant wetkose in late differentiation (6D+3, 6D+6
and 6D+10) as these were greater than 10 fold over the levels seen in the 3D

cultures (p < 0.01 and p < 0.05 respectively).
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Figure4.32: JAG1 Gene Expression in HaCaT Cells during Calcigim
induced Differentiation. JAG1 expression (fold change) w
measured by gPCR and the data for 3 experiments shown as|an
average + SD. The level of significance relative to the 3 day cultpre
(3D) data is sbwn (** p < 0.01 and * p < 0.05).

Overall, JAG1 was not expressed at a constant level in cultured HaCaT
keratinocytes undergoing calcidmduced differentiation. In fact, JAG1
expression was significantly higher in differentiating cells compared to early
cultures in low calcium. However, when compared to more mature cultures in
low calcium (6 days or 16 days), the increase was much less and not
significant. Earlier data from the dermatology laboratory using western
blotting showed a constant expression dAG1 in all epidermal layers
although there was some variatiordgta not showr). Experiments using
immunoperoxidase (IMP) and immunofluorescence (IMF) techniques on
human skin and cultured cells also showed that JAG1 expression was similar
across the wholeepidermis Figure 4.33 Thus, the small changes seen in

JAGL1 expression probably only represent variations in the level in culture.
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Figure4.33: Immunoperoxidase (IMP) of Human Scalp Skin (froZen
secfions) to detect JAG1. (Alank control on human skiB)JAG1
antibody on human skin. Peripheral staining of all epidermal gells
from basal layer to granular lay@MP performed by Mary Cleatop
and Fiona Ruge shown courtesy of Dr. Paul E. Bowdandiff
University).

JAG?2 levels were also measured in HaCaT cells undergoing eaiduced
differentiation. The same experimental procedure was used for-BBR
measurements and analysis of the data using MxPro software. This required
cloning asegment of JAG2 into pGEMeasy, using this to construct a set of
serial dilution standards of known copy number and then relating the sample
fluorescence and Ct value back to starting copy number. The amplification
plot data for the serial dilutions waquite as good as that for JAG1 with
evenly spaced Ct values between dilutiofsg(ire 4.34 The amplifications
were shown in different colours for each dilution (blue = 300,000; red=

30,000; green = 3,000; grey = 300 and yellow = 30 copies). As therdiluti
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increased, the threshold copy number (Ct value) increased and this data can

be used to calculate a standard curve of Ct value versus copy number.
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Figure4.34: Amplification Plot of JAG2Plasmid Dilution Series.
Amplification plots were calculated by gPCR MxPro Softwar
Each colour represents the fluorescence values for a differept
JAG2plasmid dilution: blue represents 300,000 copiesd

(30,000), green (3,000), grey (300) and yell8@)( The distance
between each plot was approximately constant4(®ycles) and
Ct values are shown (blue arrows). Note: each data point is §n
average of 3 measurements (triplicate).

1%

The Ct values for the JAG2 dilution series ranged from 17 to 31 asd thi
produced a linear plotHigure 4.3% with an efficiency of 96.4% (ideal = 100%)

, an Rsq (B value of 1.000 (ideal = 1.000) and a slope-2f11 log X (ideal
values =3.2 t0-3.6). This represents a very good standard curve and this was
used to esmate the JAG2 copy number in experimental samples from the

measured Ct value.
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Figure4.35: Standard Curve of JAG2 Plasmid Dilution Seress.
value plotted against copy number giving an estimated PCR
reaction efficiency of 96.4% (calculated from slog411). The
Rsq (R was 1.000 indicating a good linear fit. Note: scale on the
x-axis does not signify copy number at each data point.

TheJAG2 data from 3 consecutive qPCR runs (triplicate) was interpreted with
the JAG2 standard curve and INSTAT software. The raw qPCR data was then
analysed using different statistical methods (e.g. TuKegymer Multiple
Comparison Test and Oieay Analysiof Variance, ANOVA). This software
was used to analyse the JAG2 experimental data and to calculate JAG2
expression in terms of copy number and fold change values. JAG2 levels
showed reduction in early proliferating cultures and were reduced by about
half & day 6 compared to day 3éble 4.2). However, after cultures were

left in low calcium for 16 days, JAG2 levels increased (16 day cultures almost 3
fold higher than 3 day cultures). After calciimduced differentiation, JAG2
levels were similarly incesed (day 6+6 was 5 fold higher than day 3 cultures)

but a slight reduction was seen later (day 6+10). This data was not related to
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the amount of starting cellular material so the initial increase JAG2 expression
probably reflected the 4 fold increase ielcdensity typically seen between 6
and 16 days and the subsequent reduction in JAG2 levels as cellular material

increased further reflected a fall in JAG2 expression in real terms.

Table 4.24: JAG2Gene Expression (Copy Number) during HaCaT Ce
Culture.Data for 3 experiments showed the same general trend with ar
increase in JAG2 expression as the cultures initially proliferated and then
a subsequent decrease as cells differentiated. An average fat the
three experiments is shown in blue.

Experiment 3D 6D 16D 6D+3 6D+6 6D+10

1 5,546 7,133 2,446 3,784 1,872 3,981
2 17,060 3,604 35,370 26,660 48,170 13,940
3 9,500 2,213 50,670 51,960 51,880 15,970

Average 10,702 4,316 29,495 27,468 33,974 11,297

JAG?2 levels were reduced halved during early proliferation (day 6 compared
to day 3) but did increase later (2.61 fold higher at day 16) as cells in low
calcium differentiated due to contact inhibitiorT&ble 4.25). Cells that were
forced into dfferentiation by increasing calciuntevels showed similar

increasein JAG2 levels (2.87 fold higher in 6D+6 cultures was typical).

Table 4.25: JAG2Gene Expression (Fold Change) during HaCaT Cell
Culture.JAG2yene expressioimcreased almost 3 fold in late proliferating
cultures and then increased as cells differentiated (2.61 to 2.87 fold). But
by day 6+10 (6D+10) a major reduction in fold change. Fold change data
relative to 3D culture levels and average values of 3 experisnare
shown in blue.

1 1.00 1.29 0.44 0.68 0.34 0.72
2 1.00 0.21 2.07 1.56 2.82 0.82
3 1.00 0.23 5.33 5.47 5.46 1.68

Average 1.00 0.57 2.61 2.57 2.87 1.07
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The levels of JAG2 expression at each time point in Ha€aT culture
experiments were analysed using the Tulkéyamer Multiple Comparison
Test. Here, values of g greater than 5.837 were just significant (p < 0.05).
Large differences were only found when comparing 6D cultures to other time
points and the datavas in general significant in all cases (p < 0.05). This was
true whether the data was expressed in terms of copy numbable 4.3) or

fold change data not shown).

Table 4.26: Comparison of JAG2 Levels (Copy Number) in

Different HaCaT CulturesMean difference in JAG2 copy
number comparing various HaCaT cultures (sted) was
calculated and a @alue assigned. Where the value of q wak
>4.495, the data was significant (significant p values shown|in
red).
10372 1.647 ns P>0.05
-29740 4,724 ns P>0.05
-26030 4.135 ns P>0.05
-36745 5.837 * P<0.05
-1675.0 0.2661 ns P>0.05
-40112 6.372 * P<0.05
-36402 5.782 * P<0.05
-47117 7.484 * P<0.05
-12047 1.914 ns P>0.05
3710.0 0.5893 ns P>0.05
-7005.0 1.113 ns P>0.05
20865 4.458 ns P>0.05
-10715 1.702 ns P>0.05
24355 3.869 ns P>0.05
35070 5571 ns P>0.05

As day 3 (3D) levels of JAG2 were relatively high compared to day 6,
comparison of the 3D data and most other time points (6D, 16D, 6D+3, and

6D+10) showed no significant difference. However, the levels 6 days after
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shifting to high calcium (6D+6) were migcantly higher. This was also true

whether the data was expressed as copy number or fold change.

The JAG2 data from individual experiments was also analysed by the INSTAT
statistical software as an overall average. This was presented as a bar chart
showing mean plus standard deviation and any significant p values were
shown. This data was expressed in terms of total copy nunfbigule 4.3%

and while there was a general trend for higher levels of JAG2 in differentiated

cultures, the data was onlyggiificant at 6D+6.

Average JAG2 Expression in HaCaT C
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Figure 4.36: JAG2 Gene Expression in HaCaT Cells during Calcipm
induced Differentiation.JAG2 expression (copy number) was measurgd
by gPCR and the data for 3 experiments shown as an average + SD| The
level of significance relative to the day 3 culture (3D) data is shown (|
< 0.05).
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In conclusion, JAG2 levels increased in 16 day cultafemllow calcium but
these cannot be considered as proliferating as contact inhibition in a cell mass
of this size induces differentiation. After calcium induced differentiation, JAG2
levels increased in all cultures initially (6D+3 and 6D+6) but leictidecline

in older cultures (6D+10). As the cell volume continued to increase, then an
increase in JAG2 expression per unit cell seemed likely, agreeing with the

increase seen as cells differentiatedviva

Jagged 2 (JAG2) levels had been previoustiynated at the protein level by
analysis of HaCaT cell extracts (Dr. P.E Bowden, unpublished data). Total
protein extracts were analysed by SBAGE (visualised with Coomassie Blue
R250) and western blotted using JAG2 specific antisga#a (not showr).

Also, cultured cells were directly stained with JAG2 specific antisera that were
labelled with fluorescent tags and visualised by immunofluorescence (IMF)
microscopy (seé-igure 4.37. This indicated that JAG1 and JAG2 levels were
not constant but varied imifferent culture conditions. JAG1 and JAG2 levels
were low (or even absent) in early cultures (3D) in low calcium medium but
then significantly increased as cells differentiated. This protein data was in

broad agreement with the quantitative mRNA data.
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Figure 4.37: Expression of Jagged 2 (J2) and K10 (Differentiation
Marker) in HaCaT CellddaCaT cells were grown in low calcium KGM for
3 days (D3), 6 days (D6) or 16 days (D16) or shifted tochlgtum KGM
at 6 days and growth for another 3 days (D6+3), 6 days (D6+6) or 10[days
(D6+10). J2 (red) was expressed late in proliferation and througtout

differentiation. K10 (in green) not expressed in early low calcibm

cultures and only poorly expressetl 16 days. K10 expression increased
dramatically as differentiation was induced by high calcium levels. Nyclei
were stained blue with DAPI (courtesy of Dr. Paul E. Bowden,
Department of Dermatology, Cardiff University).

Overall, JAG2 showed variable egsion in early proliferating cultures (low
calcium) with an increase after 16 days where low calcium cultures undergo a
certain level of differentiation. Levels did increase slightly (abegtféld) in

cells undergoing calciwimduced differentiation bu this was not sustained
over time and only significant at some points (e.g. 6D+6 data). This infers a
possibly biphasic action of JAG2 both in early proliferation and late
differentiation, a situation that agrees with some of the in vivo observations.
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